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DISCLAIMER RELATED TO THIS REPORT:

Client reports are only shared publicly upon receiving permission from the client. This report is a
combination of information from a municipal wastewater treatment plant’s report, where permission to share
the report was given, and two generic recommendations that were stripped of information related to the
client. This report does not include a client name since this report is a compilation of materials from several
sources, all modified to be representative of actual reports but not using actual client data.

This report is intended to serve as a sample of what an NIAC report might look like, and to provide an
example of the depth and detail of an assessment report. Since this report was cobbled together from
multiple sources, and site-specific information was removed from many places, the report may not make
sense if read as a whole.

It should be noted that ARs are created based on the needs and opportunities of the specific manufacturer.
These can vary greatly based on the type of the manufacturer and its processes. The most common ARs are
compressed air (leaks, management plan, set point, cool air intakes), conversion to LED lighting,
economizers on RTUs, HVLS fans, cogged v-belts, heat recovery, water use reduction and deduct meters.
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Typical Disclaimer for an NIAC report

The contents of this report are offered as guidance. University of Nebraska—Lincoln (UNL), Rutgers
University (the State University of New Jersey), and all technical sources referenced in the report do not:
(a) make any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe on privately owned rights; (b)
assume any liabilities with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method, or process disclosed in this report. This report does not reflect official
views or policy of the above-mentioned institutions. Mention of trade names or commercial products does
not constitute endorsement or recommendation of use.
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1.0 Executive Summary

On Feb. XX, XXXX, an NIAC team performed an energy assessment at a wastewater treatment plant
located in X, Nebraska. A team of four undergraduate students, one graduate student, an energy engineer,
and the Assistant Director of the Nebraska Industrial Assessment Center (NIAC) carried out the
assessment.

From April XXXX to March XXXX, the facility spent a total of $354,200 on utilities. The facility pays
for electricity, potable water, and natural gas. Electricity was the primary utility cost at $327,618, with
usage and demand charges accounting for $182,657 and $143,221 respectively. Water was the second
highest annual cost at $17,492. Natural gas accounted for the smallest annual cost at $9,090.

The Assessment of the facility identified 7 specific recommendations the facility could implement to
reduce overall operating costs. These assessment recommendations (ARs) are shown in Table 1-1 with
the potential savings, implementation costs, and simple payback associated with each AR listed. The
facility is willing to accept payback periods in the range of 2 to 3 years and will consider 5 years if there
are significant green benefits. Assessment recommendations are listed from the greatest annual cost
savings to the least. A summary of each AR is presented after the tables detailing the general observations
that were made and the basis of the recommendation. In addition to specific ARs, 2 other measures (OMs)
have been identified for the facility. Other measures are classified as such because potential savings are
relatively low compared to implementation costs, resulting in a payback period exceeding the facility’s
desired range. Other measures are shown in Table 1-2 with the same metrics of potential savings,
implementation costs, and simple payback period.

Table 1-1: Overall Summary of Assessment Recommendations

GHG
Assessment Resource Savings Cost Savings Implementation Emission Simple
Recommendations (ARs) (unit/year) ($/year) Costs ($) Reduction Payback
(MTCO,e)
Implement New
Programming on SBR 493,452 kWh/year $44,258/year $7,000 350 0.2 years
Blower VFDs
Relocate Dissolved
Oxygen Probes in SBR 521,968 kWh/year $20,357/year $960 370 < 0.1 years
Basins
Reuse Effluent Water in 15,705 kWh/year 111
Belt Press 9,369,805 $17,01 l/year $25,884 . 1.5 years
gallons/year
Reduce Cf:;izessed Alr 105,792 kWh/year $5,819/year $5,960 75 1 year
Install a VFD on the
Sludge Holding Tank 85,848 kWh/year $5,339/year $4,500 60.8 0.8 years
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Use Deduct Meter on
Cooling Tower - $4,237/year $1,348 - 0.3 years
Upgrade Main Facility 10,208 kWh/year $1,608/year $5,394 72 3.4 years
Lighting
Total $98,629/year $51,046 847.1 0.5 years
*Qverall payback was calculated by dividing the total sum of implementation costs by the total sum of cost
savings
Table 1-2: Overall Summary of Other Measures Investigated
Resource Cost Implementation Egil;ls(ii)n Simple
Other Measures (OMs) Savings Savings pCos ts ($) Reduction Payback
(unit/year) ($/year) (MTCOse) (years)
. 140,642
Switch from Class B to Class KWhyear $195,080/y $3.459.300 99 7 177 years
A Sludge 1,089 MMBTU car
Pre-Air Decommission ki?%f%??ylle $2O’3i 3lyea $716,000 231 35.2 years
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Assessment Recommendation Description:
AR No. 1: Implement New Programming on SBR Blower VFDs

It is recommended that the facility implement new programming to control the SBR blower VFDs. The
new program will allow VFDs to ramp up and down in accordance with various SCADA metrics and
result in direct electricity savings. Implementing this recommendation would result in cost savings of
$44,258 annually with a simple payback period of 0.2 years.

AR No. 2: Relocate Dissolved Oxygen Probes in SBR Basins

It is recommended that the facility relocate Dissolved Oxygen (DO) probes out of dead zones. Moving
DO probes to more ideal locations will result in more accurate DO concentration readings and hence a
reduction electricity usage. Implementing this recommendation could result in cost savings of $20,357
annually with a simple payback period of less than 0.1 years.

AR No. 3: Reuse Effluent Water in Belt Press

It is recommended for the facility to reuse the effluent water that they produce in the belt press. This will
eliminate the use of the air compressor they have and cut down on the use of the city water. It will be
done by installing a pipeline from where the effluent water comes out to the solids handling building.
Implementing this recommendation would result in cost savings of $17,011 annually with a simple
payback period of 1.5 years.

AR No. 4: Reduce Compressed Air Leaks

It is recommended that the facility implements a quarterly air leak detection and repair program to
minimize air leaks within their air distribution system. In addition to finding the leaks, the identified air
leaks should be repaired, and any air leaks discovered in the future should be tagged and repaired as they
are found. This recommendation provides savings of 105,792 kWh/year, a cost saving of $5,819 for an
implementation of $5,950 giving a payback of 1 year.

AR No. 5: Install a VFD on the Sludge Holding Tank

It is recommended that the facility install a variable frequency drive on each blower in the holding
tank/pump building. This will allow for the blower to decrease its workload while saving a large amount
of money for the company. Implementing this recommendation would result in cost savings of $5,339
annually with a simple payback period of 0.8 years.

AR No. 6: Use Deduct Meter on Cooling Tower

Sewer costs are currently applied based on all water entering the plant instead of directly metering the
sewer outfall of the facility. The water evaporated in the cooling tower does not enter the sewer and
should not be charged the sewer fee. The facility can implement a deduct meter to find the volume of
water evaporated in the cooling tower. It is estimated that the facility can save 6,480 gallons of sewer
charges with a savings of $4,239 annually. The implementation cost was calculated to be $1,348,
resulting in a payback period of 0.3 years.
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AR No. 7: Upgrade Main Facility Lighting

It is recommended that the facility replace their current fluorescent lighting with energy efficient, high-
output LED bulbs. There are currently 368 fluorescent that remain within the main operating areas of the
facility. By replacing these bulbs with light emitting diode (LED) equivalents, the facility can expect to
see cost savings of $1,608 annually with a simple payback period of 3.4 years.
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2.0 Introduction

The contents of this report describe how energy is used throughout the plant and include specific
recommendations on cost effective changes that could reduce energy usage and improve productivity. A

1-day site visit was conducted on X, in which specific data were collected for analysis of the plant. The

following report is divided into seven major sections which are briefly described below.

1.

Executive Summary: An overall snapshot of the assessment including recommendations and
potential cost savings.

Introduction: Describes the purpose, contents, and overall organization of the report.

Facility Background: A description of the facility and its main operations, which includes the
general process flow, facility layout, some major energy users of plant equipment, and current
effective energy practices in place.

Energy Accounting: Entails the analysis and summary of all energy bills associated with the
facility. Costs for electricity usage and demand were determined from the General Service
Demand (GSDM) rate structure and used for calculating potential savings. Analysis was also
conducted for natural gas provided by Black Hills Energy.

Assessment Recommendations: Describes the specific, quantified recommendations for the
facility to investigate implementing. Each recommendation provides a background description of
the specific focus area being investigated, what is being recommended, and what data was
collected. The methods for calculating savings and any assumptions are clearly stated.
Implementation cost and simple payback were also provided for each recommendation.

Other Measures: Additional measures that were investigated as potential recommendations but
not included in the recommendations section due to the following reasons: the measure was not
feasible as presented, data could not be quantified, or implementation would not directly affect
energy use or reduce waste.

Appendix: The appendix includes some pricing information and data used for cost analysis, as
well as supplying other material relevant to the assessment.

NLO0XX | Industrial Assessment Center
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3.0 Facility Background

3.1 Facility Description

Table 3.1-1: Summary of General Facility Information

SIC Number: XXX Location: XXX
NAICS Number: XXX Number of Employees: XXX
Principal Product: Treated Wastewater  Audit Date: XXX
Annual Sales: XXX Client Hours: XXX
Annual Production: XXX Gallons Annual Operation: XXX

The Wastewater Treatment Plant (WWTP) is a municipal wastewater treatment plant which serves the
city of XXX, and neighboring communities. According to the plant’s superintendent, the WWTP
currently treats a range of XXX million gallons per day (MGD) and discharges to the XXX River.

The facility sits on XXX acres of land and buildings and processes occupy approximately XXX square
feet of this land. An aerial view of the facility is shown in Figure 3.1-1 with Table 3.1-2 detailing where
plant processes occur. The plant consists of grit collectors, pre-aeration basins, primary clarifiers,
trickling filters, aeration basins, final clarifiers, sequencing batch reactors (SBRs), and a UV disinfection
system. A general process flow is illustrated in Figure 3.2-1 in Section 3.2.

Upon discussion with the plant staff, an acceptable payback period between XXX years was established.
However, if there were significant green benefits associated with a recommendation, they would consider
a payback period of up to XXX years.

NLO0XX | Industrial Assessment Center
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Table 3.1-2: Description of Processes and Area Locations

Number Description
1 Lift Station
2 Primary Clarifiers
3 Trickling Filters
4 Aeration Basins
5 Final Clarifiers
6 Sequencing Batch Reactors
7 UV Disinfection
8 Solids Handling Building
9 Blower Building
10 Shop
11 Operation’s Administration Building
12 Holding Tank Building
13 Trickling Filter Building

Figure 3.1-1: Aerial View of the Plant
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3.2 General Process Description

Figure 3.2-1 shows a process flow diagram which contains the plant’s primary treatment processes and
material end points. Wastewater first flows through the influent debris screen and then goes to the lift
station. The volumetric flow rate of the wastewater is measured by a XX flume and then the wastewater
continues to the grit collectors which remove non-treatable inorganic solids.

After the non-treatable solids have been removed by the grit collectors, the wastewater enters the pre-
aeration basins. Afterwards, the wastewater is directed to the primary clarifiers and then the trickling
filters. The water then enters the activated sludge train which consists of aeration basins, finals clarifiers,
and sequencing batch reactors.

After the trickling filters, the wastewater enters one of four sequencing batch reactor (SBR) basins. The
first step in the SBR basin is the mix-fill phase which creates an environment for old and young
microorganisms to mix and consequently reduces some of the phosphorous. The next step is the react-fill
phase during which oxygen is added by blowers which enables organisms present in the water to grow
and evolve. After the react-fill phase is the react cycle. During this cycle, the influent wastewater is
stopped but the mixing and oxygen addition continues, enabling the water to further be cleaned and
reducing pollutants. Next, all action is stopped in the settle phase, resulting in the solids and
microorganisms settling in an ideal environment at the bottom of the basin. The last step in the SBR
process is the decant phase during which the sludge and cleaned water are separated.

After the SBR process, the treated wastewater then enters the final purification process, ultraviolet
disinfection, during which the water passes through chambers containing ultraviolet lamps which kill
pathogens upon exposure. Treated wastewater is then discharged into the XXX River.

NLO0XX | Industrial Assessment Center
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Figure 3.2-1: Plant Process Flow Diagram

3.3 Utility Usage and Applications

To Elkhom
River

The three utilities utilized by the wastewater treatment plant are electricity, natural gas, and water. The
WWTP uses electricity for lighting, air conditioning, and to power equipment and machinery. The plant’s
natural gas is used for space heating. The plant uses water primarily for the belt press and the plant’s
administrative building.
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3.4 Current Energy Efficiency and Waste Management Practices

The wastewater treatment plant currently practices several energy efficiency and waste management
measures that minimize the plant’s environmental impact. Some of these include:

e Employing a supervisory control and data acquisition (SCADA) system to optimize process
control and operation

e Sludge management system which prevents sending the sludge to the landfill and instead applies
it to agricultural land as fertilizer

e Variable Frequency Drives (VFDs) installed on the majority of the plant’s equipment and
machinery

e Dissolved oxygen probe on each of the four sequencing batch reactors to determine appropriate
aeration level requirements

3.5 Major Plant Equipment

Table 3.5-1 summarizes the major energy using equipment at the wastewater treatment plant. This list
contains most equipment but is not comprehensive, and some smaller pieces of equipment may have been
unintentionally excluded.

Table 3.5-1: Summary of Major Facility Equipment

Quantit Annual
Location Description HP | kW | Operation
y Hours
Main Blower, Pump, and SBR Blower 3 [ 300 2237|8760
Control Building
Lift Station Lift Pump 2 100 | 74.6 8,760
SBR Basins Mechanical Mixer 4 75 55.9 1,095
Grit Removal Basin Pre-Acration > |50 | 373 | 8760
Blower
Sludge Storage Tank Sludge Blower 2 50 | 37.3 6,570
Main Blower, Pump, and Trickling Filter
Control Building Pump 3 40 | 29.8 8,760
Sludge Handling Building Air Compressor 1 10 7.5 1,251
Main Blower, Pump, and
Control Building Sludge Pump 1 5 3.7 8,760
Main Blower, Pump, and
Control Building Grease Pump 1 5 3.7 8,760
Sludge Handling Building Press Motor 2 3 2.2 1,251

NLO0XX | Industrial Assessment Center
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4.0 Utility Accounting

The three utility streams at the wastewater treatment plant are electricity, natural gas, and water. The
overall utility cost for the WWTP during the billing period from XXX to March XXX was $ XXX. This
cost includes all charges, taxes, and fees associated with the electric, natural gas, and water utilities.

Figure 4.1 further summarizes the relative cost of the three utilities. From this figure it is evident that
electricity is the largest cost for the facility, accounting for 92% of the annual utility cost. Water accounts
for 5% of the utility cost and natural gas accounts for 3% of the total cost. The following sections provide
a detailed analysis of each utility.

Natural Gas, Water, $17,492, 5%
$9,090, 3%

\

Electricity,
$327,618,92%

Figure 4.1: Breakdown of Total Utility Costs
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4.1 Electricity Analysis

The wastewater treatment plant is provided electricity by XXX. The WWTP uses electricity for lighting,
air conditioning, and to power equipment and machinery. Figure 4.1-1 shows the percentage of demand
cost compared to the percentage of the usage cost.

Demand
$143 221
44%%
Usage
$182,657
56%

Figure 4.1-1: Electricity Usage and Demand Comparison
Figure 4.1-2 shows the electricity usage in kWh and the electricity demand in kW for each month. As

evidenced from the graph, it can be seen that the electricity usage and demand follow similar trends,
remaining fairly constant throughout the year but with a slight increase from November to January.
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Figure 4.1-2: Electricity Usage and Demand Each Month

The annual electricity usage cost was divided by the total usage to find the electricity usage rate, which
was calculated to be $XX/kWh. Similarly, the total electricity demand cost and total demand were
divided to determine the demand rate, which was found to be $XX/kW.

A summary of annual electricity usage and demand as well as the associated costs and rates is provided in
Table 4.1-1.

Table 4.1-1: Summary of Annual Electricity Usage and Demand

Annual Electricity Usage XXX kWh
Annual Electricity Demand XXX kW
Annual Usage Related Charges $XXX
Annual Demand Related Charges $XXX
Annual Customer Charge $XXX
Electricity Usage Unit Cost $XXX/kWh
Electricity Demand Unit Cost SXXX/kW
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4.2 Natural Gas Analysis

The wastewater treatment plant is provided natural gas by XXX. From XXX to XXX, the plant used
XXX therms of natural gas. Given that the annual natural gas usage cost was § XXX, the unit cost was
determined by averaging the result of dividing each month’s natural gas cost by the usage for that month
and calculated to be $ XXX/therm. A representation of the monthly natural gas usage over the analysis
period can be seen in Figure 4.2-1 along with heating degree days (HDD). The highly similar trends
between natural gas usage and HDD show a correlation between natural gas usage and heating. This is
consistent with the staff’s statement that natural gas is used as a space heater at the plant.
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© 400
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200
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&

Figure 4.2-1: Monthly Natural Gas Usage and Heating Degree Days

Table 4.2-1 summarizes the annual natural gas usage and cost, as well as the unit cost per therm.

Table 4.2-1: Summary of Annual Natural Gas Usage and Cost

Annual Natural Gas Usage XXX therms

Annual Natural Gas Usage Cost $ XXX

Annual Distribution Cost $ XXX

Customer and Safety Charge $ XXX

Natural Gas Usage Unit Cost $ XXX /therm or $ XXX /MMBtu
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4.3 Water Analysis

The wastewater treatment plant is provided potable water by the city of XXX and is billed every two
months. Over the course of XXX to XXX, the plant used XXX gallons of water. The plant has three water
meters within the city limits and their individual usage over the billing months is depicted in Figure 4.3-1.
The majority of the water was obtained from the XXX meter within the city limits. It is expected that this
water is used for the belt press, which is the primary water user.

300000
250000
200000
150000

100000

Water Usage (Cubic Feet)

50000

Ay oy Ay e o> Ay % AV
S > & R < e~ e &
ks G k> & o Q & B\
1" Y g

Figure 4.3-1: Annual Water Usage for the Plant’s Three Meters

From the utility bill analysis the water usage unit cost was calculated to be $ XXX/thousand gallons by
dividing the annual water usage cost by the total water usage. As mentioned earlier, the water is used
primarily for the belt press, which accounts for XXX % of the annual water usage, and for consumption in
the administrative building. Table 4.3-1 shows the relevant data for annual water usage and cost.

Table 4.3-1: Summary of Annual Water Usage and Cost

Annual Water Usage XXX gallons

Annual Water Usage Cost $ XXX

Annual COM Stormwater Cost $ XXX

Water Usage Unit Cost $ XXX /1000 gallons
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5.0 Energy Efficiency Assessment Recommendations

The following section describes the specific assessment recommendations provided for the facility. Each
recommendation has some background information describing the recommendation, the estimated
savings, implementation cost, and simple payback. The recommendations for the wastewater treatment
plant are listed from greatest annual cost savings to least annual cost savings.

5.1 AR No. I: Implement New Programming on SBR Blower VFDs
Recommended Action

It is recommended that the facility implement new programming to control the SBR blower VFDs. The
new program will allow VFDs to ramp up and down in accordance with various SCADA metrics and
result in direct electricity savings.

Table 5.1-1: Summary of Reprogramming SBR Blower VFDs

Annual Electricity Savings | Annual Cost Savings | Implementation Costs | Simple Payback

493,452 kWh/year $44,258/year $7,000 0.2 years

Background

Currently, the facility operates as a sequenced batch reactor (SBR) wastewater treatment plant. SBRs are
employed due to their efficacy in treating pulse inputs of high organic loads that local industries send to
the facility daily. Operation of an SBR contains 4 basic stages; Fill, React, Settle, and Decant. The first
stage simply involves filling the basin with wastewater. The second phase introduces air, and more
importantly the oxygen component of air, to accelerate biological reactions and degrade contaminants.
Next, the third phase allows for solids to settle out of the mixed liquor. Finally, aerobically treated
wastewater is drained from the basin in the fourth stage.

The “React” stage is most relevant to this recommendation. During this stage, air is introduced to the
wastewater via fine bubble diffusers which are fed by large blowers. The facility has a total of three
blowers, each blower motor is 300 horsepower. No more than two blowers are allowed to operate at the
same time, the third is installed for redundancy purposes. Fortunately, all three blowers already have
Variable Frequency Drives (VFDs) installed. However, in discussion with the Wastewater Superintendent
it was determined that they are not properly programmed. Currently the VFDs function as soft starts, but
do not adjust blower speed based on Supervisory Control and Data Acquisition (SCADA) system
parameters as true VFDs should.

Variable frequency drives are typically linked to dissolved oxygen (DO) sensors in a SBR through the
SCADA system and programmed to adjust blowers based on oxygen and mixing requirements. When less
oxygen is required, the VFD turns down the blower. Operating in this manner results in reduced
electricity usage and therefore reduced costs associated with the operation of blowers. It is recommended
that the facility set up SBR blower VFDs to operate in a similar manner. To do this, a third party will
need to re-program the VFDs so they can ramp up and down based on DO probe measurements.
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Anticipated Savings

The following calculations have been performed to assess the possible energy and cost savings
encompassed by this recommendation. Three main factors must be considered when identifying the
maximum allowable turn down for blowers. First, there must be enough oxygen supplied to the basin for
the breakdown of organic matter and inorganic compounds through aerobic digestion to occur
unhindered. Second, the air supply must be adequate to mix the contents of the basin and prevent settling
that can lead to anoxic conditions. Third, supplied power can only be reduced to a certain extent, beyond
that point the blower will not properly function and experience considerable losses in efficiency.

Oxygen Requirements

One purpose of aeration is to supply enough oxygen to meet the carbonaceous biochemical oxygen
demands (CBOD) of a thoroughly mixed liquid. This means that enough oxygen must be supplied to aid
in the growth of bacteria which help to biodegrade the organic matter in wastewater. Two biproducts of
this process are water and carbon dioxide. Additionally, oxygen is necessary for bacteria to oxidize
ammonia in the wastewater to produce a final product of nitrate. An analysis based on daily influent
nutrient loadings would yield the most accurate results; however, it was not possible to obtain daily data
for this facility. Instead, monthly and quarterly averages of required data will be used and assumed
representative for the entire associated time period.

The Enforcement and Compliance History Online (ECHO) data base! is overseen by the EPA. This
database contains detailed reports over a wide range of parameters that facilities are required to track and
stay within compliance of. Influent CBOD concentrations for the facility have been obtained from this
database. Considering datapoints are only recorded quarterly for CBOD, it is assumed that one datapoint
is a representative average for three months of operation. Figure 5.1-1 shows the information as it appears
in the database.

! Environmental Protection Agency — Enforcement and Compliance History Online. Web: https:/echo.epa.gov
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Show/Hide Table
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Figure 5.1-1: Quarterly Influent CBOD Concentrations

Unfortunately, influent ammonia (NH3) concentrations for the facility are not available on the ECHO
database. Instead, the Wastewater Superintendent supplied an average influent ammonia concentration of
30 mg/L. This concentration was obtained by looking at several recent lab reports and will be considered
representative of annual influent ammonia concentrations for the proposes of this report.

It is necessary to convert the influent concentration of CBOD and NHj3 to mass loading rates. This can be
done by multiplying the concentration of contaminant by the wastewater flow rate. Wastewater flow rates
were also collected from ECHO. Figure 5.1-2 shows the information as it appears in the database.
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Figure 5.1-2: Monthly Wastewater Flow

Based upon CBOD and ammonia mass loading rates, the required oxygen (RO) can be calculated using
the following equation?.

RO = R;pop * (LCBODy, — LCBOD) + Ryy * (LNHy — LNH)
Where,

RO = Required oxygen for CBOD and ammonia removal. (—lbs 0z )

month
Rcgop = Oxygen required to break down CBOD. The normal value of 1.1 was obtained by

consulting Tchobanoglous et al. (2014). (—l blsbzg (2) D)

LCBODy = Current CBOD influent loading rate. (—lbs ¢BOD )

month

LCBOD = Desired CBOD effluent loading rate. This has been assigned a value of 0. (—l?:(f:t?)
Ryy = Oxygen required to oxidize ammonia. The normal value of 4.6 was obtained by
. lbs O
consulting Tchobanoglous et al. (2014). (m)
LNHy = Current ammonia influent loading rate. (ZZZZ)
LNH = Desired ammonia effluent loading rate. This has been assigned a value of 0. (ZZ:;Z)

The following is a sample calculation for RO in April of XXX.

2 Tchobanoglous, G., Burton, F., Stensel, H. D., Tsuchihashi, R., Abu-Orf, M., Bowden, G., and Pfrang, W. (2014).
Wastewater Engineering: Treatment and Resource Recover. McGraw-Hill, New York, NY.
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RO = 1.1 0, ( . lbs CBOD 0 lbs CBOD) v 46 lbs 0,
= _ % —
" lbs CBOD ’ month month " lbs NH
lbs NH lbs NH
* (24,711 -0 )
month month
lbs 0,
RO = 624,686
month

The same calculation has been repeated for the other months. A summary of all monthly CBOD and NH4
removal oxygen requirements is shown in Table 5.1-2.

Table 5.1-2: Monthly Oxygen Requirements for CBOD and NH4 Removal

Required Oxygen
Date (Ibs O»/month)

April 624,686
May 569,116
June 516,969
July 539,438
XXX August 657,984
September 638,807
October 662,216
November 602,064
December 614,182
January 580,392
XXX February 542,323
March 604,780

The standard oxygen transfer rate (SOTR) must be calculated. Due to inefficiencies in any system the
SOTR will always be greater than the previously calculated RO values. This is due to oxygen transfer rate
(OTR) efficiency. Oxygen transfer rate is heavily dependent on equipment and design specifications, as
well as the configuration of certain equipment. Oxygen transfer rate is set equal to RO in the below
equation:

B * Cst - Cbasin

0TR=R0=SOTR*( )*HT‘ZO*a*FO

Cst20
Rearranging the equation yields the following:
SOTR = OTR
((ﬁ * Cot) — Cbasin) % 0T-20 « ¢ % FO
Cst20
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Where,
SOTR = Standard oxygen transfer rate. ( s 0, )

month
OTR = Oxygen transfer rate, which is equal to the oxygen required by CBOD and ammonia
lbs 02
month)
[ = Ratio of oxygen saturation in wastewater to freshwater. The normal value of 0.98 was
obtained by consulting Tchobanoglous et al. (2014)

C+ = Oxygen concentration of freshwater at field temperature and pressure. The equation used to

removal for each month shown in Table 5.1-2. (

calculate theses values can be found in Appendix 7.1. (%)

Cpasin = Desired oxygen concentration in the basin. A value of 3.0 has been assigned. (%)

Cst20 = Oxygen concentration in freshwater at 20°C, this value is 9.20. (%)

0 = Arrhenius constant for correcting system operating temperature. The normal value of 1.024
was obtained by consulting Tchobanoglous et al. (2014)

T = Temperature of liquid in the basin. Monthly values can be found in Appendix 7.1. (C)

a = Constant depending on the aeration type, in this case fine bubble diffusers. A conservative
assumption of 0.40 will be made here.

FO = Fouling factor associated performance reductions of the motor. Based on the good

condition of the system, this value is assumed to be 0.90.

A sample calculation for SOTR in April of 2021 is shown here:

24,686 rlrll’jn%l
SOTR =
(0.98 . 12.4M) - 3.0%
- % 1.024(6:1€=200) 4 0.40 * 0.90
g
9274
lbs 0,

SOTR = 2,412,357

month

The above calculation has been repeated for each month individually. A summary of all SOTR values are
shown in Table 5.1-3.
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Table 5.1-3: Calculated Monthly SOTR Values

Date SOTR
(Ibs Oz/month)
April 2,412,357
May 2,530,849
June 2,947,064
July 3,601,325
XXX August 4,392,748
September 2,965,176
October 2,751,838
November 2,456,836
December 2,309,926
January 2,229,692
XXX February 2,063,927
March 2,428,090

Next, the standard mass flow rate of air (W) required by the SBRs from blowers must be considered for
effective treatment. Air is only partially composed of oxygen so the following calculation must adjust the
mass flow rate and system inefficiencies to reflect this.

_ SOTR
" CF *« SOTE

Where,

lbs air)

W = Standard mass airflow rate required from the blower (
month
SOTR = Standard oxygen transfer rate for each month, which can be seen in Table 5.1-3 (lbs—oz)

month
Lbs 02 )
lbs air

SOTE = Standard oxygen transfer efficiency of the fine bubble diffuser system. The efficiency of
37.5 % (0.375) was determined by consulting the equipment specification sheet* and knowing
diffusers are positioned 15 feet below the surface.

CF = Mass fraction of oxygen in air, which is 0.23°. (

A sample calculation for W using values from April of XXX is shown.

2412357 1050,
W= month

0235502 375
lbs air

3 Engineering Tool Box. “Air - Composition and Molecular Weight”. Web:
https://www.engineeringtoolbox.com/air-composition-d 212.html

4 Parkson™ “HiOx Messner aeration panels” Web: https://333330-1023880-
raikfcquaxgncofgfm.stackpathdns.com/cdn/ff/v9ijvSiqYZpgSFh9rA4L7cmZeXi 9UIniAdYUp hD4uQ/157119
8397/public/documents/document-hiox-messner-aeration-panel-brochure-print-version-1028.pdf
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lbs air
W = 27,969,361
month

A summary of monthly W values is shown in Table 5.1-4.

Table 5.1-4: Calculated Monthly W Values

Date Standard Mass Flow Rate
(Ibs air/month)
April 27,969,361
May 29,343,171
June 34,168,859
July 41,754,493
XXX August 50,930,408
September 34,378,849
October 31,905,369
November 28,485,056
December 26,781,754
January 25,851,501
XXX February 23,929,588
March 28,151,769

The operating power requirement (P) of the blower to provide the necessary standard air supply can now
be calculated using the following equation. A conversion factor of 5.25 x 107® % is used to balance

units.

W =«R=*T, da m
P= 4 £5.25x 1076 —2 ]* [(&) —1]
MWy, * m * ng * Nypp lbs * s D1

Where,

P = Operating power requirement of the blower. (kW)

lbs air)

W = Standard mass airflow rate required from the blower. (mon m

R = Universal gas constant®, which is equal to 8.314. ( / )

mol*K
T, = Inlet air temperature of the blower. Monthly average of historic data from the NOAAS can

be found in Appendix 7.1. (Kelvin, or K)
MW, = Molecular weight of air, which is equal to 28.96. (L)

mol air
m = The binomial coefficient, which is equal to 1.395 according to Tchobanoglous et al. (2014).

ng = Specified blower efficiency, which was found on the nameplate to be 95.4%. (0.954)

3 Engineering Tool Box. “Universal and Individual Gas Constants”. Web:
https://www.engineeringtoolbox.com/individual-universal-gas-constant-d_588.html

® National Oceanic and Atmospheric Association — The National Weather Service Forecast Office. Web:
https://w2.weather.gov/climate/index.php?wfo=oax

7 Engineering Tool Box. “Air - Composition and Molecular Weight”. Web:
https://www.engineeringtoolbox.com/air-composition-d_212.html
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nvrp = VFD efficiency, which is typically® 97% for a 300 HP VFD. (0.97)
p, = Absolute inlet pressure, which is assumed to be atmospheric. (1 atm)
p, = Absolute outlet pressure, which is the blower outlet pressure added to the atmospheric
pressure. The system typically operates at 9 psi. (1.61 atm)
A sample calculation for average daily power requirement in April of XXX is shown.

lbs air month Ji
27,969,361 month * 30 days * 8314m * 283 K e day
P = g * 5,25 x 10
28.96 — % 1.395 % 0.954  0.97 lbs * s
mol air
[ 1..61 atm\*3%° ]
[y
1 atm
P =292 kW

It is important to note that P represents the total power requirement (from both aeration blowers) to treat
influent wastewater each day. As previously outlined, this power requirement has been calculated based
on influent wastewater quality and considers losses in efficiency within the system. Daily power
requirements were assumed to be the same for each day in the given month. This was necessary due to the
temporal availability of water quality data. A daily analysis would yield more precise results, but the
method utilized in this analysis is still accurate enough to provide significant results. A summary of daily
power requirements (per each month) is shown in Table 5.1-5.

Table 5.1-5: Calculated Power Requirements

Daily Power
Date Requirement
(kW)
April 292
May 302
June 374
July 442
XXX August 449
September 372
October 325
November 293
December 261
January 248
XXX February 255
March 278

Mixing Requirements

8 U.S. Department of Energy — Tip Sheets. “Adjustable Speed Drive Part Load Efficiency”. Web:
https://www.energy.gov/sites/prod/files/2014/04/f15/motor_tip_sheetl 1.pdf
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Another consideration for the “React” phase of SBR operation is complete mixing. There are a total of 4
SBR cells. Each cell is 110 feet wide by 110 feet long, and wastewater is typically added until a depth of
17 feet is reached. This equates to a tank volume of 205,700 ft*>. The SBR system relies on a combination
of mechanical and air mixing. One floating mechanical turbine mixer is located at the center of each SBR
and fine bubble diffusers line the perimeter.

During the assessment, the Wastewater Superintendent stated that the mixer motors are 75 horsepower.
The motors do not have VFDs and therefore run at full speed during the “react” phase. For principal types
of mechanical mixing, typical power requirements range from 0.75 to 1.50 hp per 1,000 ft* of
wastewater®. To be conservative, a value of 1 hp per 1,000 ft* of wastewater will be used. Using this
design value, it can be calculated that the mechanical turbine mixer effectively mixes 75,000 cubic feet of
wastewater in a single SBR.

The standard mixing requirement when fine bubble diffusers are deployed is 20 to 30 SCFM per 1,000 ft*
of wastewater'®. To be conservative, a value of 30 SCFM per 1,000 ft* will be assumed. As previously
stated, the total cell volume is 205,700 ft* and the mechanical mixer is assumed to completely mix 75,000
ft* of wastewater. Therefore, the remaining 130,700 ft> must be mixed via aeration. Using the design
value of 30 SCFM per 1,000 ft* of wastewater it can be determined that 3,921 SCFM of air is required to
completely mix the remaining wastewater. The blower cannot be turned down below this point or mixing
requirements will not be met for the SBR cell.

The required power draw (P;) of one 300 horsepower (223.7 kW) blower to provide mixing air can now
be calculated using the fan affinity laws'!. For this calculation two assumptions were made. The first is
that the blower speed (rpm) is linearly proportional to the air flow output (SCFM) and motor frequency
(Hz). For example, if the air supply is turned down by 50% then both the blower speed and frequency are
also reduced by 50%. The second is that the blower speed matches the motor speed. With these
assumptions it is possible to calculate the required power for the mixing supply requirements of 3,921
SCFM.

P, (N1)3
P, \N,

Where,

P; = Power draw associated with required motor speed. (kW)

P, = Power draw associated with current motor speed, which is 223.7. (kW)

N; = Motor speed associated with required air flow rate, which is 3,921. (SCFM)

N, = Current motor speed, which was started by the Wastewater Superintendent to be 5,145.
(SCFM)

? Tchobanoglous, G., Burton, F., Stensel, H. D., Tsuchihashi, R., Abu-Orf, M., Bowden, G., and Pfrang, W. (2014).
Wastewater Engineering: Treatment and Resource Recover. McGraw-Hill, New York, NY.

19 Great Lakes, 2014

! The Engineering Toolbox. “Fan Affinity Laws”.

Web: https://www.engineeringtoolbox.com/fan-affinity-laws-d_196.html
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Rearranging the above equation and substituting known values yields the following.

3,921 SCFM )3

Py = 2237 5,145 SCFM

S lower x 2 blowers * (

P, = 198 kW
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Blower Turndown Capacity

Variable frequency drives are effective at saving energy but can also have negative effects on efficiency if
the motor is turned down too low. Per the Department of Energy'?> motors 200 hp and greater should not
be turned below 50% of the original load (speed), or else significant losses in efficiency will occur. The
current blower load is 5,145 SCFM. Therefore, the maximum recommended turn down for the aeration
blowers is 50% of 5,145 SCFM, or 2,573 SCFM. Turning blowers below this point may cause
unnecessary wear on motors and result in a decreased operating efficiency.

Using the fan affinity laws again, minimum allowable power draw can be calculated. Blowers should
never be turned down below this point, even if the oxygen or mixing requirements drop below this
number.

P, = 223.7

2,573 SCFM )3

* 2 blowers « (m

blower
Summary of System Requirements

System requirements which restrict the maximum allowable turn down for aeration blowers have been
summarized in Table 5.1-6. The power requirements for each section in this table are significant and
represent the minimum acceptable values for each factor we consider. If the input power is set below what
is needed to supply oxygen for aerobic digestion, organic matter will not be completely broken down.
Similarly, insufficient power for mixing requirements will not supply enough air to mix the liquid and
cause settling to occur. Lastly, if the supplied power is too low the motor efficiency will be greatly
reduced. All parameters considered, the largest required power for each month out of any section must be
selected as the minimum allowable power supply for that time period. These values are highlighted in the
final column of Table 5.1.6. It should be noted that in this case power requirements tied to oxygen supply
rates are the limiting factor for every month.

12 U.S. Department of Energy — Tip Sheets. “Adjustable Speed Drive Part Load Efficiency”. Web:
https://www.energy.gov/sites/prod/files/2014/04/f15/motor_tip_sheetl 1.pdf
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Oxygen Mixing Blower Minimum
Date Power Power Turndown Allowable
Requirement | Requirement Capacity Power Supply
(kW) (kW) (kW) (kW)
April 292 198 56 292
May 302 198 56 302
June 374 198 56 374
July 442 198 56 442
XXX August 449 198 56 449
September 372 198 56 372
October 325 198 56 325
November 293 198 56 293
December 261 198 56 261
January 248 198 56 248
XXX February 255 198 56 255
March 278 198 56 278

Electricity and Cost Savings

To calculate monthly electricity savings, we must first know the current usage and demand of the aeration
blowers. The current monthly demand is simply equal to the motor size (223.7 kW) for each blower. The
current monthly usage is equal to the motor size multiplied by the operational hours. One week of typical
blower operational data was obtained from the SCADA system (July 6™, XXX — July 12, XXX). This
sample will be considered representative for the entire analysis period. Sample screenshots of the SCADA
information and calculations for average operational hours can be seen in Appendix 7.1. Table 5.1-7
below contains a summary of blower operation hours, demand, calculated usage, and annual usage and
demand costs. Usage cost and demand cost are equal to the annual usage and demand multiplied by the

appropriate unit rates, which are $0.039/kWh and $16.93/kW, respectively.

Table 5.1-7: Summary of Current Blower Operation

Annual Annual Annual

. . . . Annual Annual
Operation Electricity Electricity
Demand Usage Cost
Hours Demand Usage Cost ($) )

(hr) (kW) (kWh)
Blower 1 3,885 2,684 869,033 $45,447 $33,892
Blower 2 4,161 2,684 930,857 $45,447 $36,303
SUM 8,046 5,369 1,799,891 $90,894 $70,196
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Combining the sum of annual usage cost and annual demand cost will yield the current total annual cost
to run the aeration blowers.

Current Annual Cost = z Annual Demand Cost+= z Annual Usage Cost

Current Annual Cost = $90,894 + $70,196 = $161,090

Now, the new annual cost to run aeration blowers which is correlated to the minimum allowable power
that still satisfies oxygen requirements, mixing requirements, and turndown capacity must be calculated.
The sum of annual operation hours seen in Table 5.1-7 will remain the same as previously stated, but it
should be noted that these hours are now split into monthly increments for the following analysis. The
new monthly demand is simply equal to the minimum allowable power for each month shown originally
in Table 5.1-6. The new monthly usage is equal to the minimum allowable power multiplied by the
operational hours for that month. Similar to before, usage cost and demand cost are equal to the new
monthly usage and demand multiplied by the appropriate unit rates, which are $0.039/kWh and
$16.93/kW. The new monthly values can be seen in Table 5.1-8.

Table 5.1-8: Summary of New Blower Operation

Monthl Monthl Monthl
Operati(z’n Electriciily Electriciily Monthly Monthly
Date Demand Usage Cost
Hours Demand Usage Cost ($) )
(hr) (kW) (kWh)
April 661 292 96,467 $4,939 $3,762
May 683 302 103,232 $5,115 $4,026
June 661 374 123,657 $6,332 $4,823
July 683 442 151,166 $7,490 $5,895
XXX August 683 449 153,497 $7,606 $5,986
September 661 372 122,903 $6,293 $4,793
October 683 325 111,079 $5,504 $4,332
November 661 293 96,972 $4,965 $3,782
December 683 261 89,233 $4,422 $3,480
January 683 248 84,610 $4,193 $3,300
XXX | February 617 255 78,758 $4,321 $3,072
March 683 278 94,865 $4,701 $3,700
SUM 8,046 3,891 1,306,439 $65,881 $50,951

Combining the sum of monthly usage and sum of monthly demand costs will yield the new total annual
cost to run the aeration blowers.
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Now, annual electricity cost savings can be calculated by finding the difference between current annual
cost to run aeration blowers and the new annual cost.

Annual Savings = Current Annual Cost — New Annual Cost
Annual Savings = $161,090 — $116,832 = $44,258
Implementation Cost and Simple Payback

As previously mentioned, each blower is already equipped with a variable frequency drive. Therefore.
the purchase and installation of drives does not need to be included in the implementation cost. The only
cost associated with this recommendation will stem from contracting a third party to write the proper
coding and install the program on the current SCADA system. From discussions with the Wastewater
Superintendent, it was determined that this will cost approximately $7,000 in total.

A simple payback period can now be calculated using the following equation.

Implementation Cost

Payback Period =

aypack Ferio Annual Cost Savings
Payback P 'd—$7’000—02
ayback Period = $44258 years
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5.2 AR No. 2: Relocate Dissolved Oxygen Probes in SBR Basins
Recommended Action

It is recommended that the facility relocate Dissolved Oxygen (DO) probes out of dead zones. Moving
DO probes to more ideal locations will result in more accurate DO concentration readings and hence a
reduction electricity usage. A summary of recommendation Impacts are shown in Table 5.2-1.

Table 5.2-1: Summary of Relocating Dissolved Oxygen Probes in SBR Basins

Annuz}l Cost Annual E.lectrlclty Implementation Simple Payback
Savings Savings Costs
$20,357/year 521,968 kWh/year $960 <0.1 years

Background

Currently, the four SBR cells are each equipped with one dissolved oxygen probe. The DO probes are
utilized by the SCADA system to monitor and control the biological treatment process in each cell
separately. Probes are all located in the corners of SBR cells, as illustrated in Figure 5.2-1. This location
is not ideal for accurately measuring a representative DO concentration for the entire basin. Corners of
basins are often subject to dead zones and sedimentation .

During the assessment, the dissolved oxygen concentration in one basin was measured during the “react”
phase with a handheld DO meter. The first measurement was taken directly next to the existing facility
DO meter. The second measurement was taken closer to the center of the southern basin wall. Next to the
permanent DO probe, the handheld meter measured a concentration of 1.5 mg/L of DO. At the same
moment, it was noted that the permanent DO probe measured a concentration of 1.0 ppm (mg/L). At the
center of the southern basin wall (about fifty feet away) there was clearly more agitation from aeration.
Here, the handheld meter measured a concentration of 4.1 mg/L of DO. Figure 5.2-1 below visually
identifies handheld DO measurement locations and the associated values.

13 Tchobanoglous, G., Burton, F., Stensel, H. D., Tsuchihashi, R., Abu-Orf, M., Bowden, G., and Pfrang, W. (2014).
Wastewater Engineering: Treatment and Resource Recover. McGraw-Hill, New York, NY.
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Existing DO [|Handheld DO
Sample #1
(1.0 mg/L) (1.5 mg/L)

|
p.

Handheld DO
Sample #2
(4.1 mg/L)

Figure 5.2-1: Existing DO Probe Locations

These measurements clearly indicate that the DO meter is not placed in an ideal location to accurately
measure DO concentrations. Each basin augments aerobic mixing with one large impeller type mixer. The
mixer is located at the center of each SBR basin; therefore, it is likely that the overall mixing pattern for
the basin is in a large circle. This circle will largely exclude basin corners and result in dead zones or at
least reduced DO concentrations in basin corners. With DO probes placed in their current location, it is
likely that dissolved oxygen concentrations being measured are much lower than the actual average
concentration in the basin. This can result in significantly higher aeration than is necessary to properly
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treat wastewater. Based on this realization, it is recommended that the facility relocate DO probes away
from any basin corners. Approximate recommended positions to relocate the probes are shown in Figure
5.2-2 below.

Approximate
Recommended
Locations

Figure 5.2-2: Proposed DO Probe Locations

Anticipated Savings

Savings would be realized through a reduction in aeration and hence electricity usage. Exact savings for
this recommendation are difficult to quantify but a rough estimate can be accomplished. The assumption
will be made that moving the DO probe will result in a 2 mg/L drop in the target DO (from 4.1 mg/L to
2.1 mg/L). This is a justifiable assumption considering the current target DO was observed to be 1.0 mg/L
at the existing DO meter for sufficient oxygen for the microbial activity to occur; having a higher DO will
not improve the microbial activity. Rough oxygen reduction calculations can be accomplished using the
following equation.

dc

% = (Cs - C)KLa
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Where,

ac

Pl Gas dissolution rate

C, = Saturation concentration of oxygen in water (mg/L)

C = Observed concentration of oxygen in wastewater (mg/L)
K; = Mass transfer coefficient

a = Interface Area

The mass transfer coefficient (K; ) and interface area (a) will remain constant since the same equipment
will be utilized. Additionally, the saturation concentration (Cy) of oxygen in water will remain constant
and is assumed to be the generalized value of 9 mg/L. the term (Cs — C) represents the “driving force”
for the aeration process. Knowing this, both current and recommended aeration operation levels can be
calculated using the above equation. The Kra value comes from the aeration diffusers, which are the same
for both cases.

myg myg

Current Aeration = (9 T 4.1 T) K;a

Current Aeraton = 4.9K;a

m m
Recommended Aeration = (9 Tg —-2.1 Tg) Kia

Recommended Aeration = 6.9K;a

Now, a ratio between the two can be determined. This ratio is assumed to be roughly representative of the
increase in efficiency of the aeration if the target dissolved oxygen level is lower, due to having a larger
“driving force” since relocating DO probes will mean that a lower DO will be measured and maintained.

Current Aeration

Aeration Ratio =
Recommended Aeration

49K;a
6.9K;a

Aeration Ratio =

Aeration Ratio = 0.71 = 71%

The calculation suggests that relocating the DO probes will result in the SBR requiring less aeration (71%
of the current) based on more efficient gas transfer. This ratio can first be used to determine expected
annual electricity savings. The current annual electricity usage for blowers (1,799,891 kWh) was
previously determined in AR No. 1. Annual usage saving can be calculated using the below equation.

Annual Electric Savings = (1 — Aeration Ratio) * Annual Blower Usage
Annual Electric Savings = (1 — 0.71) * 1,799,891 kWh
Annual Electric Savings = 521,968 kWh

Additionally, the economic implications of this recommendation can be determined. The annual usage
cost associated with operating blowers ($70,196) determined in AR No. 1 will be utilized. Demand
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savings will not be considered because it is unlikely that reducing blower usage would reduce peak
demand on blowers during the react phase of an SBR. Annual saving can be calculated using the
following equation.

Annual Cost Savings = (1 — Aeration Ratio) * Annual Blower Cost
Annual Cost Savings = (1 — 0.71) * $70,196
Annual Cost Savings = $20,357

It should be noted that the anticipated savings calculated above are rough and may be an overestimate due
to various inefficiencies within the system, and potential other changes that may occur for the aeration
system operation. That being said, the savings will certainly be significant enough to heavily consider this
recommendation and are expected to be in the 5-digit range. Furthermore, the above calculations are
based on current operations. This is noteworthy when considering the possible implementation of AR No.
1. If blowers are re-programmed, it is possible that potential saving realized through relocating DO probes
may be reduced. Even in this scenario, savings are still expected to be significant if DO probes are
relocated.

Implementation Cost and Simple Payback

The implementation cost for this recommendation would include the labor to relocate DO probe
equipment. It is assumed that the existing brackets could be removed from the basin and reused in the
new DO probe location. Therefore, only the labor of maintenance staff would contribute to the
implementation cost. It is estimated that two maintenance staff members could relocate one DO probe in
about 4 hours. With 4 probes to move, the total time to relocate all probe should not exceed 16 hours.
Using a burdened hourly wage of $30/hour, the implementation cost can be calculated with the following
equation.

Implementation Cost = N x W T
Where,

N = Number of Employees
W = Burdened Hourly Wage ($30/hour - staff member)
T = Time Required to Complete Task (hour)

$30
Implementation Cost = 2 staf f members * hour — staff member * 16 hours

Implementation Cost = $960

Knowing the anticipated savings and implementation cost, a simple payback period can now be calculated
using the following equation.

Implementation Cost

Payback Period =
aypack “erio Annual Cost Savings
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$960

Payback Period = $20357

Payback Period < 0.1 years
5.3 AR No. 3: Reuse Effluent Water in Belt Press
Recommended Action

It is recommended for the facility reuse effluent water to power the belt press. This will eliminate the use
of the existing air compressor and reduce use of city water. This will be done by installing a pipeline from
where the effluent water comes out to the solids handling building. Table 5.3-1 gives a short summary of
resources saved, cost savings and payback period if the recommendation were to be implemented.

Table 5.3-1: Summary of Reusing Effluent Water

Total Cost Implementation Simple
Resources Saved Saving Cost Payback
15,705 kWh/year
$17,011/year $25,884 1.5 years
9,369,805 gallons/year

Background

Currently the facility uses one 10 horsepower (HP) air compressor and city water in making the belt press
filter. According to the facility this air compressor runs fully loaded (100% loading factor) during the
operational hours of the belt press which is 2,000 hours a year. It is assumed that the compressor is
operating at 95% efficiency. Staff said that 85% of the annual city water usage is directed to the operation
of the belt press. Currently, the facility uses 1,473,600 ft* which is about 11,023,300 gallons of city water
a year.

To be able to use the effluent water there needs to be piping laid from where the effluent water comes out
and where the solids handling building is at. The plant’s vortex system provides sufficient pumping
pressure, so no additional pump system is required. Using a measuring wheel and going from the wet
aeration control building to the solids handling building, it was measured that the distance is about 600
feet. To implement this recommendation costs of digging the trench and materials will be considered.

Anticipated Savings

To find the anticipated energy and cost savings for implementing this recommendation, the cost of the
entire compressed air system must first be calculated. The cost of running a compressor can be calculated
using the following equations'.

14 https://energy.gov/sites/prod/files/2014/05/f16/compressed airl.pdf
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kw

(HP « ML * 0.746

)

* T x [,

EnergyUsage = 1

COStUsage = Energyysage * UR

kw
HP * ML * 0.746 —

Demand = ( hp

)*M/n

Costpemana = Demand * DR

where,

HP= Total Compressor Motor HP
ML= Motor Load

n= Compressor Efficiency

7= Time in Operation

UR = Usage Rate

L = Loading Factor

DR = Demand Rate

M= Months in Operation

The cost for the current compressor system can be calculated by adding the usage cost for the compressor
operating at full 100% load factor and the demand cost for the compressor. The peak demand is believed
to occur during the daytime when most equipment, including the sludge press, is operating. A summary
about the air compressor is provided in the background and cost of energy usage and demand cost are

$0.039/kWh and $16.93/kW respectively.

(10 HP 1 * 0.746’13—‘/'15 « 2,000 04T 1)
year
EnergyLoaded = 0.95
E — 15,705.26
nergyLoaded year
$0.039
COStLoaded = EnergyLoaded * m
$612
COStLoaded = year
(10 HP + 1 % 0.746’1‘;—"}; 12 month)
D d=
eman 095
kW — months
Demand = 9423 —MMM
year
$16.93

Costpemana = Demand *
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$1,595
year

Costpemana =

The total cost of the compressor use can be found by summing up all costs associated with the use of the
compressor:
Costrotar = CoStroaged + COStpemand

Where,

Costrotq; — Total Cost of Running the Air Compressor
Costypadeq — Cost of Running the Air Compressor Loaded
Costpemana — Cost of Demand charge for using the Air Compressor

$612 $1,595
CoStrorqr = +
year  year
Costo = 52207
OSlTotar = year

The cost savings associated with using the city water are straightforward. 85% of the water used annually
will be saved. Water Usage Rate is $1.58/1000 gallons.

WR =WU = P
WRC = WUR « WR
Where,

WUR = Water Usage Rate

WU = Annual Water Usage

P = Percentage saved

WR = Amount of Water Used Reduced

WRC = Annual Water Usage Reduction Cost Saving

I
gallons 85%

WR = 11,023,300

gallons
WR = 9,369,805

year

gallons $1.58
*
year 1,000 gallons

WRC = 9,369,805

_ $14,804
"~ year

WRC
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Implementation Cost and Simple Payback

Implementation of the recommendation will have 3 main costs: digging the trench and materials (labor
costs are included for the two). According to the national cost range to dig a trench can cost from $268 to
$732 for 50 linear feet'>. To be conservative, $732 per 50 linear feet will be used. For materials according
to RSMeans '%2-inch PVC piping installation costs $28.50 per foot!”. Total for each cost of
implementation can be seen below:

Dr

TC = ==« TR
Dg

MC = Dy = PR

Implementation Cost = TC + MC
Where,

TC = Trench Digging Cost

Dr = Total Distance

D¢ = Section Distance

TR = Trench Digging Rate per Section
MC = Material Cost

PR = Piping Rate

TC =600 feet 732
= *
fee 50 feet
TC = $8,784
$28.50
MC = 600 feet *
foot
MC = $17,100

Implementation Cost = $8,784 + $17,100
Implementation Cost = $25,884

Using the known implementation cost and annual cost savings, a simple payback period can be
calculated.
Implementation Cost

Payback Period =
aypack “erio Annual Cost Savings

I3 https://porch.com/project-cost/cost-to-dig-a-trench

16 https://www.rsmeansonline.com/SearchData

17
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$25,884

$2,207  $14,804
year year

Payback Period =

Payback Period = 1.5 years
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5.4 AR No. 4: Install a VFD on the Sludge Holding Tank
Recommended Action

It is recommended that the facility installs a variable frequency drive on each blower in the holding
tank/pump building. This will allow for the blower to decrease its workload while saving money and
energy. A summary of this recommendation is shown in Table 5.4-1.

Table 5.4.1: Install Variable Frequency Drive Summary

. . . Implementation Simple
Energy Savings Demand Savings Cost Savings Cost Payback
85,848 kWh/year | 117.6 kW-month/year | $5,339/year $4,500 0.8 years
Background

The facility acrates wastewater to provide necessary oxygen for bacteria and other microbes which
naturally treat the water. A proper dissolved oxygen level is the key to rapid and effective wastewater
treatment as the oxygen-dependent bacteria promotes microbial growth that forms sludge. The facility
currently has a sludge holding tank that gets filled with water of varying heights. The initial height is
measured once the water level is one foot above the diffuser and starts to drain once it reaches 14 feet. It
takes two days to fill one tank to 14 feet and the tank then drains for the next two days, and the cycle
repeats itself. Variable Frequency Drives (VFDs) are often implemented into electric motors to reduce the
load on the system in order to promote cost savings. Figure 5.4-1 shows the general sludge flow
throughout the plant.

Biosolids are products resulting from the treatment of all commercial, domestic, and industrial wastewater
from the City of Norfolk’s Water Pollution Control Plant. The treatment process includes screening, grit
removal, and aeration in the pre-treatment section and gravity sedimentation in the primary clarifiers. The
secondary plant is an activated bio-filter process. The resulting biosolids are pumped to a gravity
thickener and then an aerated holding tank. The sludge is dewatered by belt filter presses and then
adjusted to a pH of 12.0 by adding lime or kiln dust. It is then held at a pH of 12.0 for 2 hours and 11.5
for an additional 22 hours to satisfy the requirements of federal law 40 CFR 503 pertaining to Class B
sludge'®.

1817 https://www.epa.gov/biosolids/biosolids-laws-and-regulations
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Primary Clarifiers [—x—>»| Sludge Thickeners ———»Aerating Holding Tank

l l

Solids Handling
Building

Final Clarifiers

Sequencing Batch _
Reactors Land Applied

Figure 5.4-1: Sludge Flow Diagram
Anticipated Savings

There are two 30 HP blowers that alternate in operation in the holding tank/pump building. The energy
requirement of each blower associated with providing this standard air supply at a specific inlet air
temperature, overall blower efficiency, inlet and discharge pressure can be expressed by the following
equation. The inlet pressure measurement is just less than standard ambient air pressure due to cool air
and the discharge pressure is read from a gauge shown in Appendix 7.2.

0.283

_W*R*Tl* ﬁ 1)

P =Tszzee (1)
w 155.7 x e [pl
Where,

Pw = operating power of the blower (kW)

W= mass flowrate of air being discharged by the blower (Ibs/s)

T) = inlet air temperature of the blower (°R)

e = efficiency of the overall blower system (93.6%) in decimal form
R = universal gas constant (53.3 ft-Ib/ b air * °R)

p2 = absolute outlet pressure (atm)

p:1 = absolute inlet pressure (atm)
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(0.7457’1"'{—”1;) (13405 533 CZ_.lb * (544°R))  121.0\%%83
PW — S awr * ( ) _ 1]
155.7 * 0.936 145
Py =22 kW

The total electricity consumption of the blowers, assuming 100% load, can also be calculated using the
operating hours, number of blowers, and power of each blower. The total annual cost can then be
calculated using the unit cost of electricity previously calculated.

EC=NxTxW
C=EC=*R
Where,

EC = Energy Consumption (kWh/year)

N = Number of Blowers in Operation at any given time
T = Time in Operation (hours/year)

W = Number of Kilowatts per Blower (kW)

C = Annual Cost to Run Blowers ($/year)

R = Electricity Rate ($/kWh)

hours 15474
EC =1 Blower = 8,760 * 22
year Blower

kWh
EC =192,720

year
=192 720kWh $0.039
= *
’ kWh
$7,516
C =
year

An assumption will be made that by implementing a VFD, the average load will be reduced from 100% to
80%. This is because the load will be reduced while the tank volume is low and will increase to maximum
power once more water is filled in the tank. The load may vary from 60% while low to 100% while full,
thus averaging to 80%, assuming a constant flow rate. Information was provided by the client stating that
the water depth would be at a minimum for 40% of the time, the tank would be half-full 40% of the time,
and the tank would be full 20% of the time based on one full cycle. Using the pump affinity laws from the
US Department of Energy'?, a linear load decrease will result in an exponential amount of demand
savings as shown below.

(L?
5

kW (80%) = 0 746 W, 1
— . —_ % sk
(80%) p

19 https://www.energy.gov/sites/prod/files/2014/04/f15/motor tip sheetl1.pdf
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kW saved = kW old — kW new

CS = kW saved * DR
Where,

kW (80%) = The Average Percentage of Maximum Power used by the Blower
H = Horsepower of Blower

L = Average Percentage of Load

E = Efficiency of Blower

kW saved = Annual kW saved from Implementing the VFD

kW old = kW Used by Blower Before Implementing the VFD

kW new = kW Used by Blower After Implementing the VFD

CS = Annual Cost Savings After VFD Implementation

DR = Unit Electricity Demand Rate

kW (80%) = O.746k—W * <3o HP * (0'8)3>
HP 0.936
KW (80%) = 12.2 kW
kW saved = 22 kW — 12.2 kW
kW saved = 9.8 kW = 44.5%

kw months $16.93
12 *

€S =98
month i year kW
$1,991
CS =
year

The annual cost to run the blowers once the VFD is implemented will decrease as shown in these
calculations.

EC=NxT=+«W
Where,

EC = Energy Consumption (kWh/year)

N = Number of Blowers in Operation at any given time
T'= Time in Operation (hours/year)

W = Number of Kilowatts per Blower (kW)

Crew = Annual Cost to Run Blowers

hours kw
2.2

EC = 1 Blower * 8,760 * 12.
year Blower

kWh
EC = 106,872
year
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c 106.872 kWh $0.039
= *
new " “year kWh
_ $4,168
new = year

The total annual savings from decreased electricity usage is calculated from the difference between the
annual cost to run the blowers before and after the VFD is installed.

TCS = (C — Cpew) + CS
Where,

TCS = Total Annual Cost Savings ($/year)

C = Annual Cost to Run Blowers Before VFD Implementation ($/year)
Cnew= Annual Cost to Run Blowers After VFD Implementation ($/year)
CS = Annual Demand Savings ($/year)

TCS = ($7,516 — $4,168) + $1,991
TCS = $5,339
Table 5.4-2 shows a breakdown of all the cost savings calculated in this section.

Table 5.4-2: Summary of Anticipated Savings

Energy Usage Usage Cost Demand Demand Cost AnnrflztlalCos ¢
(kWh/year) ($/year) (kW/year) ($/year) ($/year)
Current System 192,720 $7,516 22.0 $4,470 $11,986
VFD System 106,872 $4,168 12.2 $2,479 $6,647
Savings 85,848 $3,348 9.8 $1,991 $5,339

Implementation Cost

The price of variable frequency drives can fluctuate from $200-$500/HP. However, with many companies
starting to implement the devices, prices have decreased to a more user-friendly range. A 30 HP VFD will
cost around $3,000 for the unit, not including labor and installation costs?*2!. See Appendix 7.3 for an

example VFD product. Preventative maintenance can also be performed biannually to reduce wear. The
local energy provider offers an incentive for implementing a VED. For the state of Nebraska, companies
can get $30/HP for each blower.

$30

Rebate = Number of Blowers * Bloweryp * ——

HP

20 https://www.zoro.com/schneider-electric-variable-frequency-drive-30-hp-400-480v-altivar-2 1 2-ac-drive-

atv212hd22n4/i/G1420571/
2! https://www.grainger.com/product/FUJI-ELECTRIC-Variable-Frequency-Drive-460V-4UAJ8
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$30
HP

Rebate = $1,800

Rebate = 2« 30 HP *

Refer to Appendix 7.4 for a closer look into the VFD Rebates. Table 5.4-3 shows a summary of the
implementation costs.

Table 5.4-3: Summary of Implementation Costs

Numvl;]e:)rrl(i II'inlts/ Unlz;lt;;ti/tl)late Time (hours) Cost ($)
VFD 2 $3,000 - $6,000
Labor 2 $30/hour 4 $240
Maintenance 1 $30/hour $60
Rebates - -$30/HP - -$1800
Total Cost ($) - - - $4,500
Payback Period

A simple payback period for this recommendation can be calculated by dividing the implementation cost
by the annual cost savings.

Implementation Cost

Payback Period = Annual Savings
Payback Period = Sro0s
ayback Perio = $5.339

Payback Period = 0.8 years
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5.5 AR No. 5: Upgrade Main Facility Lighting
Recommended Action

It is recommended that the facility replace their current fluorescent lighting with energy efficient, high-
output LED bulbs. There are currently 368 fluorescent that remain within the main operating areas of the
facility. By replacing these bulbs with light emitting diode (LED) equivalents, the facility can expect to
see the savings shown Table 5.5-1. These bulbs will meet or exceed the current lighting quality and will
reduce maintenance costs due to longer fixture life.

Table 5.5-1: Upgrade Main Facility Lighting Summary

Energy Savings Demand Savings Cost Savings | Implementation Cost | Simple Payback
10,208 kWh/year | 71.5 kW-month/year | $1,608/year $5,394 3.4 years
Background

Light Emitting Diode (LED) lighting solutions have been available since the year 2000 but have only
recently become widespread in most applications. This is largely due to the improvement of the
technology as well as their drop-in price. Since 2008, LED lighting costs have dropped more than
85%. Many facilities that did not install LEDs due to prohibitive costs as little as 2-3 years ago may be
surprised at how competitive LEDs have become compared to more standard fluorescent technology.

LEDs have the benefit of being both an energy efficient technology as well as having superior lighting
quality compared to fluorescent or HID technologies. Typical lamp life of LEDs is also considerably
longer than other lighting technologies.

Many modern LED lighting solutions are simple to choose and install, often requiring no retrofit. These
drop-in solutions are often more inexpensive than getting a new retrofit fixture, however they often do not
meet the needs of a company. For best results, it is always suggested that a professional lighting audit be
performed to assist you in choosing the best lighting solution for your facility. In this report we use
pricing based on competing products found through a web search.??*2* These may not be the best match
for your facility, but they are accurate enough to give you a budgetary estimate of replacement cost and
energy savings you can expect with a lighting conversion.

22 https://www.grainger.com/product/PHILIPS-U-Bend-LED-Bulb-T8-53YZ41

23 https://www.grainger.com/product/PHILIPS-Linear-LED-Bulb-T5-449U96

24 https://www.homedepot.com/p/Philips-32W-T8-40W-T12-Equivalent-4-ft-Linear-Universal-Fit-Cool-White-
LED-Tube-Light-Bulb-4000K-30-Pack-539155/309791571
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The facility uses a total of 368 fluorescent bulbs throughout the buildings and grounds. Some of these
areas operate at different production hours and use different kinds of lighting. A table of this information
can be seen in the next section in Table 5.5-2.

Anticipated Savings

To find the anticipated savings for replacing the current lighting with LED lighting, the current cost of
lighting must first be calculated. The energy, demand, and resulting cost of lighting can be calculated
using the following equations:

Evigniing = ) N+ B Wy + T

DLighting = Z N * B x Wgyp

CLighting = (ELighting *UC) + (DLighting * DC * M)
Where,

Elighting= Annual Energy Usage (kWh/year)
Dyighting = Electrical Demand (kW)
N=Number of Fixtures

B=Bulbs per Fixture

Weup = Wattage of Fixture (kW)

7= Time in Operation (hours/year)

UC= Usage Rate ($/kWh)

DC= Monthly Demand Rate ($/kW-month)
M= Months in Operation (months/year)
Clighting = Annual Lighting Cost ($/year)

Substituting values for current fluorescent lighting will yield the following results for the T8 bulbs in the
solids handling building. The same calculations were performed for all the lights in the plant and the
results are summarized in Table 5.5-2.

E 9 Fixt 5 bulbs 0.032 kW hours

. . = E3 * *

Lighting fixtures fixture  bulb 7 year
kWh

ELighting = 2,880

year

5 bulbs 0.032 kW

12 th
fixture* bulp oo

Diighting = 9 fixtures *

kW — month
DLighting = 17287
c > 880 kWh $0.039 + (1728 kW — month $16.93
R * . *
Lighting " year kWh year kW — month

NLO0XX | Industrial Assessment Center



56

$404.87

CLighting =

year

Table 5.5-2: Summary of Current Lighting

Lighting Lighting | Number | Bulbs Annuzzl Energy Demand Annual Cost
Area Bulb of per Hours in Usage (kKW/year) ($/year)
Type Fixtures | Fixture | Operation | (KWh/year) y y
Solids
Handling 32WT8 9 5 2,000 2,880 17.28 $404.87
Building
32WTS8 9 4
Blower 500 876 21.02 $390.10
Building | »5ys 4 6
Holding
Tank/Pum 32WT8 5 3 150 72 5.76 $100.33
p Building
Service 25WTS 7 4 2,000 1,400 8.40 $196.82
Garage
Main
Building | 3, \7g 12 4 2,000 3,072 18.43 $431.87
Conference
Room
Main 40W U- 12 2 2,000 1,920 11.52 $269.92
1 Tube
Building
Hallway 32WT8 38 4 2,000 9,728 58.37 $1,367.57
19,948 140.78 kW-
Total KWh month $3,161.44

Next, the cost of the proposed lighting must be calculated. The same equations can be applied in the
same way to find the annual cost of the replacement LED lighting. Each fluorescent bulb will be replaced
by one LED tube, (1:1 replacement). The proposed lighting for the solids handling building can be
calculated as follows, and the same equations can be applied to all the plant’s lights.

. 5 bulbs 0.016 kW
Elignting = 9 fixtures * fixture * bulb * 2,000
kWh

ELighting = 1,440

year
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) 5bulbs 0.016 kW
Diighting = 9 fixtures * Fixture * blb * 12 months
kW — month
Diighting = 8-647
c 1440 kWh $0.039 + (864 kW — month $16.93
Lighting year kWh year kW — month

$202.44
CLighting =

year

A table of the results for each area of your facility as well as totals for energy and cost of the proposed
lighting is included in Table 5.5-3.

Table 5.5-3: Summary of Proposed Lighting

Lighting Lighting | Number Bulbs per Annua!l Energy Demand Annual
Area Bulb of Fixture Hours in Usage (KW/year) Cost
Type Fixtures Operation | (kWh/year) y ($/year)
Solids 16 W
Handling 9 5 2,000 1,440 8.64 $202.44
o LED
Building
16 W
Blower LED 9 4 500 288 6.91 $128.26
Building 14 W
LED 4 6 500 168 4.03 $74.82
Holding 16 W
Tank/Pump 5 3 150 36 2.88 $50.17
o LED
Building:
Service 14 W
Garage LED 7 4 2,000 784 4.70 $110.22
Main
Building 16 W
Conference LED 12 4 2,000 1,536 9.22 $215.94
Room
13W
Main LED 12 2 2,000 624 3.74 $87.73
Building
Hallway 16 W
LED 38 4 2,000 4,864 29.18 $683.79
Total 9,740 kWh | 69.31 kW $1,553.37

The anticipated savings for implementing the suggested lighting solution is the difference between the

current and proposed lighting values. A comparison of the two lighting configurations is shown in Table

5.5-4.
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Table 5.5-4: Comparison of Current Lighting and Proposed LED Lighting

Energy Usage (kWh/year) | Demand (kW/year) | Annual Cost ($/year)
Current Lighting 19,948 140.784 $3,161.48
LED Lighting 9,740 69.312 $1,553.37
Savings 10,208 71.472 $1,608.11
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Implementation Cost

The implementation cost for replacement of the current lighting with LED lighting considers both the cost
of the LED bulbs and the labor required to install the LED lighting. Table 5.5-5 shows a breakdown of the
cost per LED bulb replacement. See Appendix 7.5 for greater detail on lighting options. It is assumed that
the 6 bulbs could be replaced per hour. The labor rate at the facility is $30/hour. A tabulation of
implementation cost for all different lights is shown in Table 5.5-5. The electricity provider for the
company has rebates in various places for replacing lighting with LED. A $5 rebate is provided to the
facility for every new LED bulb installed from 9-22 Watts. See Appendix 7.6 for more information. The
facility can save $1,840 this way and can use it to offset the implementation cost. Below is the equation
used to find the rebate savings and the implementation cost for each bulb/tube type:

R=Sx*N

5
= bl * 368 bulbs

R = $1,840

R

I=FP*N)+(NxT=xL)

TS = Lighting,q — Lightingpew
Where,

/= Implementation cost

R= Rebate

S= Savings Incentive

P=Price per bulb/tube

T'= Time to replace a bulb/tube
N=Number of bulbs/tubes to be replaced
L= Labor Rate

TS = Total Savings from current and proposed lighting
Lightingoi; = Current lighting cost
Lighting,., = Proposed lighting cost

$12.80
ligprs = bulb * 296 tubes | + | 296 tubes * 10

minutes 1 hour $30
* *
tube 60 minutes hour

ILED,TS = $5,269

$21.93 minutes 1 hour $30
ligpTs = ube * 48 tubes | + | 48 tubes * 10

tube * 60 minutes * hour
ILED,T5 = $1,293

$22.98
tube

* 24 tubes) + <24 tubes * 10

minutes 1 hour $30
ILED,U—Tube =

* *
tube 60 minutes hour
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ILED,U—Tube =$672

TS = $3,173.18 — $1,553.37

TS =$1,620
Table 5.5-5: LED Pricing Summary
Current Bulb | LED Equivalent Cost | Number of Bulbs in Facility | Implementation Cost
4-ft T8 $12.80 296 $5,269
4-ft TS $21.93 48 $1,293
2-ft U-Tube $22.98 24 $672
Rebate ($1,840)
Total - - $5,394
Payback Period

Simple payback period can be calculated using the formula below. The annual savings for the lighting is
$1,608 per year and the cost of implementation is $5,394. This brings the payback period to 3.4 years as
shown.

Implementation Cost

Payback = Annual Savings
Pavback = $5,394
WPA = $1608

Payback = 3.4 years
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5.6 AR No. 1: Reduce Compressed Air Leaks

Recommended Action

It is recommended that the facility implements a quarterly air leak detection and repair program to minimize
air leaks within their air distribution system. In addition to finding the leaks, the identified air leaks should
be repaired, and any air leaks discovered in the future should be tagged and repaired as they are found.
Table 5.6-1 summarizes the potential savings and the implementation cost and payback period associated

with this recommendation.

Table 5.6-1: Compressed Air Leak Repair Summary

Annual Energy GHG Emissions Annual Cost | Implementation | Simple Payback

Savings Reduction Savings Cost
105,792 kWh/year | 75 MTCOse/year $5,819/year $5,960 1 year
Background

The facility has two Quincy QGV Series 75 HP compressors. These compressors are run with a VFD at a
loading factor of 75%. The two compressors are run for 24 hours a day five days a week for 50 weeks
throughout the year. This results in an annual runtime of approximately 6,000 hours. The total capacity of
these compressors currently running is 341.2 acfm while their motor efficiency was found to be 94.2%.
These data are extracted from the CAGI data sheet of the compressor and the CAGI sheet of the compressor

is available in appendix 7.7. This information is summarized in Table 5.6-2.

Table 5.6-2: Current Air Compressor Information

Horsepower Capacity Loading Efficiency Annual
(HP) (acfm) Factor (%) Runtime
(hours/year)
75 341.2 0.75 94.2 6,000

The compressors currently in use are set at 110 psi and are rated to supply a total of 576 acfm. According
to the facility staff. Since the compressors are not currently operating in their full capacity (341.2 acfm),
based on the data available on the CAGI data sheet, the actual capacity for each compressor was considered

to be 288 acfm, which is multiplied by 2 for two compressors and the actual capacity will be 576 acfm.
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Supplying most of its processes with compressed air costs the facility approximately 28% of its total
electricity bill; this equates to $41,168 per year. Every compressed air system will have leaks, but there is

a target “acceptable” leakage range for different plant sizes?.

* For small plants, the leakage should be from 5% to 7%.

* For medium plants, the leakage should be from 7% to 10%.

* For large plants, the leakage should be from 10% to 12%

A realistic goal for the facility would be a leakage rate of 10%.

To improve a plant’s leak performance, a periodic check of the entire compressed air system for leaks using
an ultrasonic leak detector is advised to find smaller leaks or leaks further away from employees. Since any
compressed air system will degrade over time, new leaks will continually develop. By supporting periodic

leak detection and repair, it will be possible for the facility to maintain or surpass its leak rate goal.

The NIAC team performed a leak detection assessment with Fluke acoustic imager during the assessment.
The sonic imager was used to locate the leaks and the ultrasonic detector was used to measure the sensitivity
of the leaks which was used to find the leak rate in cubic feet per minute. Over approximately one and a
half hours, NIAC analysts identified 21 separate leaks when examining approximately 60% of the factory,
primarily on the manufacturing floor. There was a significant variation in the size of the leaks. Many leaks
were small, and several were large enough to audibly hear and feel, indicating a significant loss of air. A
summary of the leaks and locations can be found in Appendix 7.8 and an example of an image taken with

the sonic imager is shown in Figure 5.6-1.

25 http://www.ptonline.com/articles/energy-miser-plug-costly-compressed-air-leaks
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my 2023/06/06 13:13

Figure 5.6-1: Air leak detected by Fluke Acoustic Imager Leak Detection

Anticipated Savings
To find the anticipated energy and cost savings for repairing the identified compressed air leaks, the cost
of the entire compressed air system must first be calculated. The following equations are used to calculate

the energy usage and demand costs associated with running the compressors®.

HP * ML * 0.7461;1—W
Energy Usage = 7 P . Tx*L

Costysage = Energy Usage * UR

HP x ML * 0.746];—W*M
p

Energy Demand = "

26 https://energy.gov/sites/prod/files/2014/05/f16/compressed_airl.pdf
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Costpemana = Energy Demand * DR
Where,
HP = Total Compressor Motor hp
ML = Motor Load
1 = Compressor Efficiency
T = Time in Operation (h)
UR = Usage Rate ($/kWh)
L = Loading Factor
DR = Demand Rate ($/kW-month)
M = Months in Operation

The cost for the current compressor system can be calculated by adding the usage cost for the compressors
to the demand cost. The calculations for the 75 HP compressor are shown. Table 5.6-3 summarizes the

energy and cost values for each compressor.

kW
. y 275 hp*1 *0'746W 6000h0ur5 075
= * * U.
nergy vsage 0.942 ’ year
E U = 534,554 KWh
nergy Usage = D54 ar
kWh $0.062
Costysage = 534,554year * Wh
$33,142
Costysqge = W
2*75hp*1x* 0.746IIC_I—MP/ * 12 months
Energy Demand = 0942
kW — months
Energy Demand = 1,425 ———
year
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kW — months $5.601
*
year kW — months

CoStpemana = 1,425

$7,981
year

Costpemana =

$33,142 $7,981 $41,123

Cost = + =
Total =~ yeqr year year

Table 5.6-3: Current Compressor Cost and Energy

Compressor | Energy Usage | Usage Cost Demand Demand Cost | Total Cost
(kWh/year) ($/year) (kW- ($/year) ($/year)
months/year)
2*75 HP 534,554 $33,142 1,425 $7,981 $41,123

The total energy usage of two 75 HP compressors is 534,554 kWh/year. To determine the impact of air
leaks, it is helpful to calculate the unit cost and energy of compressed air. To find the unit energy usage of
the air, the energy usage can be divided by the air capacity of the system. This rate can then be multiplied

by the energy rate to find the air unit cost.

Air — EnerQYTotal
Energy Capacity
534,554532};
Altenergy = 576 cfm
928 53{2&
AirEnergy = cfm
. . $0.062
Airgose = AlrEnergy * m
$58
] year
Aerost - cfm

The reduction of air leaks within the air distribution system will help minimize air losses, allowing the

compressors to operate at a lower load factor and thus have lower power consumption. To quantify
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approximate cost savings, an estimate of air leakage was made by the UNL team. During the leak detection,
the sensitivity meter of the ultrasonic leak detector was tracked. Using a chart supplied by the NIAC that
correlates sensitivity readings to approximate airflow, an estimate of each leak was determined which was

114 cfm.

Given this air loss and the cost of air per cfm, the total cost and energy of the identified air leaks can be

calculated.

Savingsgpergy = Air loss * AiTgpergy

928532?
Savingsgpergy = 114 cfm * ofm
Savi = 105,792
avingSgnergy year

Savingscost = SAVINGSgnergy * UR

. kWh $0.062
Savingscost = 105'792year * Wh
Savi _ $6,559
avlngsCOSt - year

This recommendation would only require the time and materials necessary to fix the identified leaks. A
simple way to track these leaks is to use an equipment repair tag. Depending on the quality and design
desired, these can be purchased for as little as 50 for $10. Most air leaks occur at fittings and joints in pipes
which can be tightened or replaced. A good thread sealant will improve the performance of these fittings
and can be found at most online stores for prices between $10-$25. Between these incidental costs and
replacement fittings, it is assumed that materials for a leak detection program at the facility would cost

approximately $100 per year.

Quarterly leak checks should be as thorough as is reasonably possible. Based on the experience of the NIAC
team during the assessment, a thorough check of the compressed air system with an ultrasonic leak detector
and a thermal imager could be completed in approximately four hours. It is assumed this check would be

conducted by maintenance staff at a rate of $40/hour.

The sum of equipment and labor costs required for the program will be the recurring costs of implementing

a leak detection program.
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Costprogram = Equipment + Labor

$100 <4 hours 4 quarters $40>
+ * *

Cost =
Program year

quarter year hour

$740
year

COStProgram =

The overall savings of the program will be the savings due to the reduction of compressed air leaks minus

the cost of running the program.

Savings = Savingscost — COStprogram

. $6,559 $740
Savings = -
year  year
] $5,819
Savings =
year

Implementation Cost and Simple Payback

The costs of this recommendation depend on the level of leak detection that is implemented. At a minimum,
this recommendation would require no capital investment, only the recurring time and material costs to
repair discovered leaks. However, to get the most out of an air leak program, special equipment should be
purchased to aid in identifying compressed air leaks. An ultrasonic leak detector is one of the best tools
available for locating air leaks. The facility should consider purchasing a leak detector to assist personnel
during the quarterly leak checks. The price and functionality of ultrasonic leak detectors vary quite a bit. A
simple model can be found for as little as $500, but a model like the one used by the NIAC team during
their assessment costs approximately $4,500. Due to the size of the facility, it may be beneficial to spend
the additional money on a more expensive ultrasonic leak detector. For the calculation of the payback
period, it is assumed that it takes 6 hours to check the whole facility to find the air leaks using the leak
detector equipment. Considering the facility’s labor rate of $40/hr and the quarterly leak checks, the labor
cost will be $960. In addition, for the current case the cost of a high-quality directional detector is $5,000.
See Appendix 7.9 for suggested vendors. Including both the directional leak detector and the leak check
labor cost, the total implementation cost used for the calculation will be $5,960. Given this implementation

cost, a payback period can be calculated.

Implementation Cost

Payback Period =
aypack rerio Annual Savings
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$5,960

$5,819
year

Payback Period = = 1.02 year~1 year

Additional Notes

Using the annual energy savings and the EPA Greenhouse Gas Equivalencies Calculator?, it was
determined that the facility can reduce its GHG emissions by approximately 75 MTCOze annually by
implementing a compressed air leak detection program. It should be noted that the current values were

calculated using Nebraska electricity-based conversion factor.

27 https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
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5.7 AR No. 2: Use Deduct Meter on Cooling Tower

Recommended Action

It is recommended that this facility install a deduct meter on its cooling tower water blowdown line to
measure the water evaporation, especially in hot summer months to reduce its annual wastewater cost.
The facility is currently being charged sewer fees based on water usage that goes into the plant. A
significant portion of the facility’s water usage is evaporated in the cooling tower and therefore this
amount should not be included in its sewer fees. Table 5.7-1 provides a summary for implementing the
deduct meter on the cooling tower.

Table 5.7-1: Cooling Tower Deduct Meter Summary

$4,237/year $1,348 0.3 years

Background

This facility has two charges associated with water billing: a water usage charge and a sewer charge. The
input lines to the cooling tower include city water. While in the cooling tower, significant water loss
occurs due to evaporation and drift. The loss of water causes increased concentration of multivalent ions
measured by increased conductivity.

The output lines from the cooling tower include blowdown and a recirculation line that brings water back
to the cooling tower. The blowdown is necessary to prevent scale buildup due to high concentrations of
multivalent ions. If the facility tracks the amount of water loss due to evaporation and drift with two new
meters, the water loss due to the cooling tower can be deducted from the sewage bill. It is recommended
the meters are located on the input (city water line) and the output (blowdown line) of the cooling tower.
A process flow diagram can be found in Figure 5.7-1. The amount of water that should be deducted from
the water bill is equal to the city water input to the cooling tower minus the amount of blowdown water
output from the cooling tower.
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Evaporated
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Figure 5.7-1: Cooling Tower Process Flow Diagram

Anticipated Savings

It is assumed the flow rate of makeup water is equal to the sum of evaporation rate, drift rate, and
blowdown rate according to the following material balance?®:

Rmakeup = Revap + Rdrift + Rblowdown
Where,

Rumakeup = Makeup water volume (gal)
Revap = Evaporation rate volume (gal)
Rusire = Drift volume (gal)

Rotowdown = Blowdown volume (gal)

Based on the data collected from the flowmeter connected to the tower, during a period of 133 days (Feb
13 to June 26), 2.5 million gallons of water flowed into the cooling tower. Since the production rate of the
facility is consistent throughout the year, it can be assumed that the total volume of water entering the
tower is equal to 6.9 million gallons per year. This is equivalent to 13.05 gallons per minute.

28 Kuntz (2008). “Environmental Calculations: A Multimedia Approach,” 1% Ed., John Wiley & Sons. Web:
https://onlinelibrary.wiley.com/doi/pdf/10.1002/9780470925386.app5

NLO0XX | Industrial Assessment Center



71

The rate of evaporation formula was given by a facility’s technical specialist to have a concentration of
3.3 for most of the year. Thus the following formula is used to calculate condenser bleed off.

Condenser make —up

cycles of concentration

The cycle of concentration specifies how often fresh water added into the loop, can be used or pumped
around, before the water has to blown down or bleed off from the cooling tower. For example, for a 24-
hour condenser make-up volume of 3,000 gallons (cycles of concentration = 3.3):

3,000 gallons

24 — hour condenser bleed of f = 33

=909 gallons

24 — hour condenser evaporation = 3,000 gallons — 909 gallons = 2,091 gallons

Since the water flowrate into the tower is 13.05 gal/min, the 24-hr condenser make-up volume is:

gallons minute hour
24 — hour condenser makeup volume = 13.05— * 60 * 24 = 18,797 gallons
minute hour day

Using the previous formula, the daily volume of 24-hour condenser bleed off is 5,696 gallons while
13,101 gallons of 24-hour condenser evaporates. Figure 5.7-2 shows the annual water usage of the
facility. The figure shows that the water usage in five months (June XXX — October XXX) is significantly
higher than the other months of the year. Such a difference can be related to water loss in the cooling
tower due to evaporation and drift. Therefore, to calculate the evaporated and drift water, 5 months is
considered the operation time. The condenser make-up volume for 5 months (150 days) is calculated as
follows:

day gallons

ays
= 2,819,549

Condenser makeup volume = 18,797 gallons * 150 ——
year year

Table 5.7-2 shows the usage of water and wastewater from June 2022 through May2023.

NLO0XX | Industrial Assessment Center



72

4,000,000
3,500,000
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0

Figure 5.7-2: Annual Water and Wastewater Usage

Based on the data provided by the facility, the average cycle of concentration for the current facility is
considered equal to 3.3. The values of condenser bleed off and condenser evaporation in this period of
time are calculated as:

2,819,549 gallons
3.3

Volume of Condenser Bleedoff = = 854,409 gallons

Reyap = Volume of Condenser evaporated = 2,819,549 gallons — 854,409 gallons
= 1,965,140 gallons

The drift rate is assumed to be 0.2% of the total circulation rate®. The drift rate and overall savings can
be calculated using the following equations:

Rdrift = 0.002 x F
S = (Revap + Rdrift) *C

Where,

F = total circulation flow (gal/min)
S = annual cost savings ($/year)

¢ = sewage charge ($/1000 gal)

2 https://www.chemengonline.com/cooling-towers-estimate-evaporation-loss-and-makeup-water-requirements/
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Rategriry = 0.002 % 13.05 gallons/min = 0.03 gallons/min

The volume of the water drift in 150 days is:

gallons 60 minutes 24 hours

Rgrire = 0.03 * 150 days = 6,480 gallons

minute i 1 hour i 1day

S= (Revap + Rdrift) *C

$215  $4,239

S = (1,965,140 gall 6,480 gall =
( gations + gallons ) = 1,000 gallons year

Implementation Cost

It is recommended that the facility install two water meters to obtain deduct savings. The meters should
be installed on the city water line and the blowdown line. The blowdown water minus the city water is
equivalent to the water lost to evaporation and drift. The city of Fremont Utilities Department was
contacted to begin deducting water charges as recorded by the new meters. Based on the call to the
Fremont Utilities Department, there are no specific requirements for installing deduct meters. The water
department of Fremont supplies the deduct meters, the biggest is 2 inches. All facilities within city limits
and surrounding neighborhoods must contact the water department of Fremont before making any
changes that involve pipies,or building construction/demolition/modifications. If they want to make a
change like this, they need to contact the Fremont utility department. The size of the cooling tower’s input
and output pipelines are 2 and 3/4”, respectively. Based on the data received from the Fremont Utilities
Department the cost of 2”” and 3/4” meters are $585 and $413, respectively. The expected implementation
cost for each meter is shown in Appendix 7.10, with an expected installation time of two hours per meter.
The facility manager also stated that installing the meters requires some minor changes in the piping
system. That can be considered an additional 6 hours. The payback period is calculated by dividing the
implementation cost by the annual cost savings.

Implementation Cost = Meter Cost + Installation Cost

Meter Cost = Number of 2” Meter * Cost of Meter + Number of 34" Meter » Cost of Meter
= $585 + $413 = $998

Installation Cost
= (required time fo Installing 1 Meter) * Number of Meters * Labor Rate
+ Modification Time * Labor Rate

2 hours
* 2 Flow Meters *

Installation Cost =

5 $35
+ 6 hours * = $350
our hour

Implementation Cost = $998 + $350 = $1,348

Implementation Cost

Payback Period =
ayback “erio Annual Cost Savings
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$1,348

$4,237
year

Payback Period =

= 0.3 years

Additional Notes

Although not discussed extensively in this report, it is recommended that the facility consider optimizing
the cooling tower process. The cycles of concentration of the system is assumed to be 3.3 for the
calculations above. If the cycles of concentration are too low, water is being lost to the sewer
unnecessarily. To fully utilize the purchased water, the facility should optimize the cycles of
concentration to prevent unnecessary blowdown.
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6.0 Other Measures

The following section describes additional actions which could be beneficial to the wastewater treatment
plant. These actions were investigated during the assessment but do not qualify as assessment
recommendations because of the extended payback periods or other insubstantial data. Each measure
contains background information, estimated savings, implementation cost, and simple payback.

6.1 Switch from Class B to Class A Sludge

Recommended Action

The wastewater treatment plant currently produces sludge that has Class B standing. The NIAC
considered recommending that the plant switches from Class B to Class A sludge, but the
recommendation exceeded the desired payback period. Switching to Class A will eliminate significant
costs associated with Class B, as well as enabling the plant to reuse generated biogas and reduce
greenhouse gas emissions. The potential annual cost savings, implementation cost, and payback period
associated with this recommendation are summarized in Table 6.1-1.

Table 6.1-1: Summary of Impacts from Switching to Class A

Annual Cost Savings Implementation Cost Payback Period

$195,080/year $3,459,300 17.7 years

Background

The wastewater treatment plant is currently a Class B facility with no anaerobic digesters. The plant
currently uses two biosolids trucks for sludge transportation with approximately 670 hours of labor
associated with using the trucks. The plant also maintains a farm contact which they utilize to spread their
sludge. Additionally, there is staff time, soil sampling, and sludge press labor associated with the plant’s
current Class B status. These costs can be eliminated by shifting to a Class A facility. If the WWTP
changes to Class A, anaerobic digestors would need to be installed to produce Class A sludge.

From April XXX to March XXX, the plant used 1,089 MMBTUSs of natural gas to heat the facility. The
natural gas usage followed a seasonal trend which corresponds to its use as a space heater. Table 6.1-2
summarizes the monthly natural gas usage and cost for the plant.
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Table 6.1-2: Summary of Monthly Natural Gas Usage and Cost

Month Natural Gas Usage Natural Gas Cost
(MMBTU) ($/month)
April, XXX 93.9 $605
May, XXX 252 $195
June, XXX 23 $57
July, XXX 23 $57
August, XXX 2.6 $61
September, XXX 3.9 $76
October, XXX 25.7 $253
November, XXX 113.3 $961
December, XXX 167.4 $1,399
January, XXX 234.9 $1,949
February, XXX 215.6 $1,794
March, XXX 202.0 $1,684
Totals 1,089.1 $9,090

Anticipated Savings

By switching to Class A, the plant can eliminate $168,400 Class B associated costs per year. Currently,
the plant utilizes two biosolid spreader trucks with a ten-year life. The cost of the trucks and the labor
required to run them accounts for approximately $104,400 annually, including the associated energy and
usage costs. Switching to Class A could eliminate the need for the biosolids spreader trucks due to
upgrading to Class A sludge. Figure 6.1-1 illustrates estimates of the overall costs that are associated with
Class B.

NLO0XX | Industrial Assessment Center



77

Farm contact, $16,000

Staff time, $5,000

Sludge press

Soil sampling, y—_labor, $39,000

$2,000

Truck fuel cost,
$14,400

Truck drivingj

labor, $20,000
Trucks, $70,000

Figure 6.1-1: Annual Costs Associated with Class B Sludge

If the wastewater treatment plant becomes a Class A facility, they could consider reusing the biogas
generated by the anaerobic digesters with a microturbine cogeneration system. The WWTP currently
receives from 2.5 to 4 million gallons of influent wastewater a day. The methane content of biogas ranges
from 50% to 70% with carbon dioxide making up the remainder; a conservative estimate of 50% methane
content in the biogas was assumed for this report*®. The methane content of the biogas represents the
natural gas content to be utilized. According to the EPA, roughly 1 cubic foot of biogas is produced for
every 100 gallons of influent wastewater to a treatment plant®!. Furthermore, the thermal energy
contained in one cubic foot of methane is 1,037 BTUs*. The following equations were used to determine
the energy potential of recovered biogas based on the monthly influent wastewater flows to the plant.

1 ft3 biogas
*
100 gallons of water

Vbiogas = Vwater

Vinethane = Vbiogas * 0.5

1,037 BTUs 1 MMBTU
* *
methane ™ ft3 methane 1,000,000 BTU

Emethane

30 https://www.nrel.gov/docs/fy140sti/60178.pdf

3 https://afdc.energy.gov/fuels/natural gas renewable.html
32 https://www.eia.gov/tools/fags/fag.php?id=45&t=8
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Where,

Vhiogas = Volume of biogas in cubic feet
Viwater = Volume of influent wastewater
Vnetnane = Volume of methane in cubic feet
Emethane = Energy from methane in biogas

Example calculations for April 2021 are provided here. The results for the whole year are summarized in
Table 6.1-3.

1 ft3 biogas
100 gallons of water

Vbiogas = 98,700,000 gallons of water *

Viiogas = 987,000 ft3
Vinethane = 987,000 £t3 0.5

Vinethane = 493,500 ft3

1,037 BTUs 1 MMBTU
E3
1 ft3 methane 1,000,000 BTU

Emethane = 493,500 ft3 x

10 therms

Emethane =512 MMBTU *m

= 5,120 therms

Table 6.1-3: Summary of the Energy Content of Biogas

Inizll\l;illlltifliow Biogas Methane I\;I;tgane

Gallons) | Produced (f€) | Produced (ft’) (MMB%YU)
April, XXX 98.7 987,000 493,500 512
May, XXX 101.1 1,011,000 505,500 524
June, XXX 91.8 918,000 459,000 476
July, XXX 95.8 958,000 479,500 497
August, XXX 96.4 964,000 482,500 500
September, XXX 93.6 936,000 468,000 485
October, XXX 97.0 970,000 485,000 503
November, XXX 93.9 939,000 469,500 487
December, XXX 95.8 958,000 479,000 497
January, XXX 90.5 905,000 452,500 469
February, XXX 77.3 773,000 386,500 401
March, XXX 86.2 862,000 431,000 447
Totals 1,118.1 11,181,000 5,590,500 5,797
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The wastewater treatment plant spends $9,090 on natural gas annually and used 1,089 MMBTUs from
April XXX to March XXX. Based on conservative estimates, approximately 5,797 MMBTUs of methane,
which represents natural gas, will result from reusing generated biogas. The resulting methane energy will
significantly exceed the plant’s current natural gas usage, producing more than five times the current
natural gas usage. However, this does not factor in the natural gas used by the prospective anaerobic
digesters, so additional natural gas usage will need to be considered.

In addition to delivering natural gas savings, the microturbine will provide savings through the electricity
it generates. Correct sizing of such systems is important when determining potential power output. The
DOE has a CHP Microturbine power tip sheet that makes such estimations straightforward?**. An overall
power rating for an appropriately sized system can be determined from the tip sheet to be 65 kW with an
average power efficiency rating of 24.7%. If the turbine operates 24 hours a day and 365 days each year,
annual electricity usage and cost savings can be calculated using the following equations.

EUsage = STurbine * HOperating *e
CUsage = EUsage * UR
Where,

Euysage = Electricity usage savings in kWh/year
Sturbine = Turbine size in kW

e= Turbine efficiency

Hoperating = Annual operating hours

Cusage = Cost savings due to reduced electric usage
UR = Electricity usage rate

8,760 hours
EUsage =65 kW * yeT * 0.247

kWh
Eysage = 140,642

year

c 140.642 kWh $0.039
= *

Usage " “year kWh
$5,485
Usage — yeT

Additionally, the system will operate during periods of peak demand. This will result in demand
reductions and therefore savings. To be conservative, demand savings will only de calculated for 11
months annually. This factors in the possibility that maintenance may not be ideally timed into account. If

33 https://www.energy.gov/sites/default/files/2016/09/£33/CHP-Microturbines_0.pdf
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not planned well, taking the CHP system out of service during a demand peak would eliminate demand
savings for the month. Potential savings are calculated as follows.

Epemana = Sturbine * M

Cpemand = Epemana * DR

Where,

Epemana = Annual electricity demand savings in kW/year
Sturbine = Turbine size in kW

M= Number of months savings are expected

Hynnua = Annual operating hours of the system

Cpemana = Cost savings due to reduced electric demand
DR= Electricity demand rate

months

EDemand =65 kW % 11)167

E = 715 kW — months
Demand — year

kW — months $16.93
*
year kW — month

Cpemana = 715

$12,105

C =
Demand year

The total annual savings can be calculated by summing the costs associated with Class B, the annual
natural gas cost, and the annual electricity usage and demand cost savings.

Annual Cost Savings = Costg + Costges + Cysage + Cpemana

$168,400 $9,090 $5485 $12,105
+ + +

Annual Cost Savings =
year year year year

$195,080

Annual Cost Savings =
year

Implementation Cost and Simple Payback Period

The capital cost of installing the anaerobic digestors represents the primary implementation cost of this
recommendation. This cost was found by inputting the average influent wastewater volume into an EPA
cost curve®®. The cost curve used was in 1980 dollars and consequently adjusted to XXX dollars using
Construction Cost Index (CCI) values provided by Engineering News-Record*®. The estimated capital
cost of the anaerobic digesters was found to be $3,250,000. If the facility implements a microturbine

34 Construction Costs for Municipal Wastewater Treatment Plants (1980): https:/nepis.epa.gov/Exe/ZyNET.exe

35 Construction Cost Index History - Annual Average | Engineering News-Record (enr.com)
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cogeneration system, they will likely purchase a 65-kW size turbine at a rate of $3,220/kW?°. The cost of
a microturbine of this size is calculated by the following equation.

$3,220
Cumicroturbine = 65 kW *

Cumicroturbine = $209,300
Thus, the implementation cost can be calculated as follows:

Implementation Cost = CDigesters + CMicroturbine

Implementation Cost = $3,250,000 + $209,300
Implementation Cost = $3,459,300

The simple payback period for this recommendation can be found by dividing the implementation cost by
the annual cost savings and can be calculated using the following formula.

Implementation Cost

Payback Period =
aypack ferio Annual Cost Savings
Pavback Period = $3,459,300
ayback Period = ~$195.080
year

Payback Period = 17.7 years
Additional Notes

There may be additional cost savings if the facility sells excess natural gas to a nearby dairy facility.
Accurate cost savings were not able to be calculated, so this was left out of the recommendation. It should
be noted that some of the excess natural gas would be used to heat the anaerobic digesters.

36 https://www.energy.gov/sites/default/files/2016/09/£33/CHP-Microturbines_0.pdf.
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6.2 Pre-Air Decommission

Recommended Action

The NIAC team investigated implementing a vortex grit removal system that would retire the current
system and the blowers that are powering it. As a vortex grit removal system does not require blowers, the
facility will see electrical usage and cost savings from decommissioning the current blowers. This was not
included with the assessment recommendations as the payback period exceeds the desired range.

Table 6.2-1: Pre-Air Decommission Summary

Energy Demand | GHG Emissions | Annual Cost Implementation Simple
Savings Savings Reduced Savings Cost Payback
326,617 447 312

KWhyear KW/year MTCOs¢/year $20,313/year $716,000 35.2 years

Background

At the facility, two identical 50 hp blowers power the water flow of the current aerated grit removal
system. Only one blower is running at any time since one 50 hp blower is capable of handling all the
water load at once. With a very steady rate of wastewater throughout each day, the facility cannot afford
to have a blower not powering their grit removal system. The other blower is integrated into the system
for security measures in case the blower would encounter a problem. With one blower always running,
the annual operation hours total to 8,760 hours between the two.

Wastewater contains large solids and grit that can interfere with treatment processes or cause mechanical
wear and increased maintenance on wastewater treatment equipment. Grit includes sand, gravel, cinder,
or other heavy solid materials that are heavier than the organic biodegradable solids in the wastewater. To
minimize potential problems, these materials require removal and separate handling from the wastewater.
Preliminary treatment, such as grit removal, remove these constituents from the influent wastewater.
During this process, grit removal systems increase the head loss through a wastewater treatment plant,
which is created from the redirection of the water flow and friction between the walls of the pipe and the
fluid. Additional pumping could be required to compensate for this as head loss is problematic for the
overall treatment rate and water flow of the facility.

Vortex-type grit chambers consist of cylindrical tanks in while water flows in tangentially creating a
vortex water flow. Due to gravity, grit settles into the bottom of the cylindrical tank where it can be
removed, while effluent exits at the top of the tank. Vortex-type grit chambers provide wastewater
treatment facilities with many more advantages compared to aerated grit chambers. Compared to other
grit removal systems, aerated grit chambers require more power, maintenance, and labor from controlling
the aeration system. Vortex-type grit chambers can provide advantages including reduced head loss,
energy efficiency, less area footprint, no submerged parts requiring maintenance, and consistent grit
removal efficiency over a wide flow range. These systems remove a high percentage of fine grit, up to 73
percent of 140-mesh (0.11mm/0.004 in diameter) size. Head loss through a vortex system is minimal,
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typically 6 mm (0.25 in). These systems are also energy efficient as they rely heavily on gravity compared
to equipment requiring energy usage>’.

Anticipated Savings

To find the anticipated savings for replacing the current grit removal system with a vortex-type grit
removal system, the current cost of the blowers that power the current system must first be calculated.
The cost to run these blowers each year can be calculated as the savings, as the vortex grit system would
not require them and only utilize gravity for treatment.

The energy, demand, and resulting cost of the blowers can be calculated using the following equations:

Wsiower = HPpgrower * C

Egiower = Waiower * T

Diower = Waiower * M

Crlower = (EBlower *UC) + (Dpiower * DC)

Where,

Whaiower = Wattage of Blower (kW)

HPgower = Horsepower of Blower (hp/blower)
C = Conversion from hp to kW (0.7457 kW/1 hp)
Egiower = Annual Energy Usage (kWh/year)
Dpiower = Electrical Demand (kW-months/year)
T = Time in Operation (hours/year)

M = Months in operation per year (month/year)
UC = Usage Rate ($0.039/kWh)

DC =Monthly Demand Rate ($16.93/kW-month)
Cgiower = Annual Blower Cost ($/year)

50 hp 0.7457 kW
*
Blower 1hp

Blower —

37.285 kW

Whiower = Blower

37.285kW 0 hours
_ %
Blower ’ year

Eglower =

kWh
Estower = 326,617 2

37 https://www3.epa.gov/npdes/pubs/final_sgrit removal.pdf
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$0.039 4
Cotower = 326,617 kWh x ——— | + ( 447.42

Blower —

84

37.285kW 12 months
E3

Blower year
kw
Dgiower = 447.42 Jear

Blower —

year

$20,313
year

Table 6.2-2 shows the total potential savings of this project.

$16.93
kw

Table 6.2-2: Summary of Current Grit System Energy Consumption

Hours in Operation Energy Usage Annual Energy Cost
(hours/year) (kWh/year) Demand (kW) ($/year)
8,760 326,317 447 $20,313

Implementation Cost and Simple Payback

The simple payback period of implementing the new vortex grit removal system must be calculated. The
implementation cost of installing the vortex grit removal system has been provided by utility staff from a
vendor quote totaling to $716,000 for two Vulcan separators and two Vulcan washers.

Given this implementation cost, the simple payback can be calculated using the following equation:

Implementation Cost

Payback Period =
aypack ferio Annual Savings
Pavback Period — $716,000
ayback Period = 520313

Payback Period = 35.2 years
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7.0 Appendices

7.1 SBR VFD Programming
Wastewater Temperature (T)

Wastewater temperature was obtained from the ECHO database. A Screenshot of the data as it appears on
the website can be seen below in Figure 7.1-1. The data has also been tabulated in Table 7.1-1.

Show/Hide Table
Discharge Point: 001 - External Outfall /
Pollutant: Temperature, water deg. fahrenheit
Monitoring Location: Effluent Gross
® @ Download Data B chart Legend @ Help
Quantity = Download Chart
Late/Missing Reports Timeline
No Data Indicator Timeline
100
80 % e . "
*
2 A A
g o A . * ‘ )
3 A
= " . e g . A i A r~ A
R » . . ¢
g . 4 .

Mar ‘21 May ‘21 Jul ‘21 Sep 21 Nov'21 Jan'22 Mar 22 May ‘22 Jul 22

4 MOAVG A DAILY MX

Figure 7.1-1: ECHO Database — Wastewater Temperature
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Table 7.1-1: Monthly Wastewater Temperature

Wastewater Temperature
(°C)
April 6.1
May 15.0
June 22.2
July 25.0
XXX August 21.7
September 16.7
October 11.7
November 10.6
December 2.8
January 5.6
XXX February 4.4
March 9.4

Oxygen Concentration in Wastewater (Cs)

Temperature and concentration data were obtained from Engineering Toolbox (Web:
https://www.engineeringtoolbox.com/oxygen-solubility-water-d_841.html). This data was then graphed
in excel and an equation for the concentration of oxygen as a function of temperature was established as
seen in Figure 7.1-2. Applying this equation to the “Effluent Temperature” column of Table 7.1-2 yields
the resulting oxygen concentration as shown in the third column

16
212
(Vs ~N
c |
=12 ~
c >
o S~
= 10 »>
e - y =0.0029x2 - 0.3162x + 14.363
c 8 ) R?=0.9973
8 6 - — -2
S 4
oo
g 2

0

0 10 20 30 40 50 60

Temperature (C)

Figure 7.1-2: Concentration of Oxygen in Fresh Water as a Function of Temperature
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Table 7.1-2: Summary of Oxygen Concentration

Wastewater Temperature Cst
O (mg/L)
April 6.1 12.4
May 15.0 9.7
June 22.2 7.4
July 25.0 6.5
XXX August 21.7 7.6
September 16.7 9.1
October 11.7 10.7
November 10.6 11.1
December 2.8 13.5
January 5.6 12.6
XXX February 4.4 13.0
March 9.4 11.4

Atmospheric Temperature (Ta)

Average monthly air temperatures for XXX, XXX were obtained from the National Oceanic and
Atmospheric Association (NOAA). A summary of the values utilized can be seen in Table 7.1-3 below.

Table 7.1-3: Average Monthly Atmospheric Temperature

Date Average Atmospheric Temperature
°0) (K)
April 10 283
May 16 289
June 24 297
July 24 297
XXX August 24 297
September 20 293
October 13 286
November 6 279
December 0 273
January (&) 269
XXX February 3) 270
March 3 276
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SCADA Data — Annual Blower Operation Hours

SBR 1 D.O., TSS & Cycles

10.00+
9.00 6 ; 8 5 a
2.00
7.004
6.00
5.004
4.00
n r m
3.00
2.00
1.00 L
I N A L J [ |
12,00,00 AM 8:00:00 Al 4:00:00 P 12,00:00 Al
77612022 71612022 71612022 77712022
Hist WPC.RTU5_SBR1STAT.F_CV SBR 1 Step Status 1.00
Hist. WPC.RTU5_B2RUN.F_CV Blower 2 Running 0.00
Hist WPC.RTU5_B3RUN.F_CV Blower 3 Running 0.00
Hist WPC.RTU5_B2SPEEDFB.F_CV Blower 2 Speed Feedback 0.00
Hist. WPC.RTU5_B3SPEEDFB.F_CV Blower 3 Speed Feedback 0.00
Hist WPC.RTU5_SBR1DO.F_CV SBR Basin 1 Disolved Oxygen 0.05
Hist WPC.RTU5_SBR1SS.F_CV SBR Basin 1 Suspended Solids <No Data>
| - - | E] > > |
0= Idle 4= Settle
1= Mix Fill 5= Decant &
2= React Fill 6= Decant & Waste
3= React 7= ldle & Waste
Figure 7.1-3: Screenshot of SCADA Data
SBR 1 SBR2 SBR3 SBR4
Total time in Total ime in Total time in Total time in
IMAGE # "React" IMAGE # "React” IMAGE # "React” IMAGE # "React"
Phase (hr) Phase (hr) Phase (hr) Phase (hr)
1 48 1 0 1 5.5 1 5.7
2 5 2 5 2 6 2 5.7
3 5 3 5 3 5.6 3 5.5
4 53 4 5.5 4 5.7 4 5.6
5 53 5 6 5 55 5 &
6 5.3 6 6 6 5.7 6 5.6
7 5.3 7 5.5 7 6 7 5.7
| SUM=_ 36 hr | | SUM=_ 33 hr | SUM=_ 40 hr SUM=_ 398  hr |
| AVE= 514  hrfday | | AVE= 550  hr/day | [ AVE= 571  hr/day AVE= 569  hr/day |
Awverage Daily Run Time For Blower 1 (SBR 1+ 5SBR 2) = 10.64 hr/day
Annual Run Time For Blower 1 (SBR 1 + SBR 2) = 3885 hr/year
Average Daily Run Time For Blower 2 (SBR 3 + SBR 4) = 11.40 hr/day
Annual Run Time For Blower 2 (SBR 3 + SBR 4) = 4161 hr/year
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7.2 Discharge Pressure Gauge for Sludge Holding Tank Blower
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7.3 VFD Information

VIFiltration = B Seom-3600

FILTRATION ~ BLUE MONSTER ~ INSTRUMENTATION ~ PLUMBING ~ ELECTRICAL ~ POWER EQUIPMENT ~ SYSTEMS ~ MORE ~

Home > ABB ACS580-01-088A-2 Variable Frequency Drive, 30 HP, 3 Phase, 240V

+ View All ABB Variable Frequency Drives

ABB ACS580-01-088A-2 Variable Frequency
Drive, 30 HP, 3 Phase, 240V

SKU: MTVFDABBACS58001088A2RK
$4,628.07

Options Base Unit - NEMAT ~

Accessories Remote Keypad and Installation Kit +

Quantity 1 &

Due to global supply chain issues, this product is subject to longer lead times. Please contact us
for an accurate lead time prior to placing your order. You can contact us via chat, email, or
phone

ADD TO CART
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ABB ACS580-01-088A-2 Variable Frequency Drive, 30 HP, 3 Phase, 240V

BRAND: ABB

MPN#: ACS580-01-088A-2

SERIES: ACS580

PRM PART#MTVFDABBACS58001088A2

SPECS:

Nominal Input VAC:240 Volts AC
Input Range VAC: 200 to 240 Volts AC
Input Phase: 3

Application: Industrial

HP (VT): 30 Horsepower
Amps (VT): 88 Amps

Max. Frequency: 500 Hertz

Braking Type: Flux Braking ; Dynamic Braking
AC Line Regenerative: No
Closed Loop: No

Motor Control-Max Level: Open Loop Vector (Sensorless Vector)
Enclosure Rating: P21
Mounting: Panel

Frame Size: RS
Height: 28.82 Inches; Width: 7.99 Inches; Depth: 11.61 Inches
Net Weight: 62 1b 6 oz

ACS580 Technical Catalog
ACS580 Firmware Manual

ABB's new ACS580 drives provide the quality, reliability, and energy savings you expect from ABB drives as well as new features, such as the new primary settings menu
and Bluetooth connectivity, that will make it easier to use and safer to maintain.

The ACS580 is simple to install, commission, use, expand, and even upgrade, when the time comes. A compact design makes handling the units easy and with all the
essential features built-in, commissioning and setup time is greatly reduced by leveraging the Primary Settings menus and assistants. The assistant control panel, which
provides 16 different language options, can be upgraded to and optional Bluetooth control panel to enable wireless commissioning and monitoring.

ACS580 drives are designed for customers who value reliability, high quality, and robustness in their applications. Product features, such as coated boards and compact
UL Type 12 (IP55) enclosures, make the ACS580 sitable for harsh conditions.

Additionally, all ACS580 drives and their protective functions are thoroughly tested for performance at maximum temperature with nominal loads.

https://shop.prmfiltration.com/products/abb-acs580-01-088a-2-variable-frequency-drive-30-hp-3-phase-

240v?variant=39593632694457
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7.4 VFD Rebate Incentive
E N E RGYW' SE N ABOUT ENERGYWISE ~ ENERGY SAVINGS TIPS - TOOLS & RESOURCES ~ CONTACT US
Use less. Spend less, Do more Nebraska Public Power District

Always there when you need wy

Variable frequency drives (VFDs, also referred to as variable speed drives) can reduce output by controlling the motor rather than having the motor
work at a constant, almost full load and adjusting the system to obtain a desired result. Variable speed drives are especially effective at reducing
power and energy consumption to centrifugal equipment such as pumps and fans. This is because a reduction in flow is directly proportional to @
reduction in speed, while the reduction in power is proportional to the cube of the change in speed.

Potential Savings

For centrifugal loads, small decreases in equipment rotating speed or fluid flow yield significant reductions in energy use. For example, reducing speed
(flow) by 20 percent can reduce power requirements by approximately 50 percent. (See Savings Chart, below)

VFD Energy Saving Chart *

Load Savings
100% 0%
90% 27.1%
80% 48.8%
70% 65.7%
60% 78.4%

Centrifugal loads only. Actual savings will vary based on load and monitor characteristics.
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Energy-GrantSae

HOME

STATE ENERGY INCENTIVES

Site Updated:
July 29, 2022

ENERGY INFORMATION &
ARTICLES

Energy Star Rebates

Residential Solar Power
Residential Wind Power
Business Energy - Solar
Business Energy - Wind

Low Income Home Energy
Assistance Program

Renewable & Alternative
Energy News

Solar Hot Water Rebate
Information

Energy Grants For
Homeowners

Energy Grants For Non-Profits
Energy Grants For Schools

RecenT ARTICLES &
News

Renewable Energy In 2020

Future Of Renewable Energy
InUS

Energy Rebates For Windows
Energy Rebates For Insulation
Energy Rebates For HVAC
Energy Star Rating System

HOW TO APPLY 101
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The latest information on energy grants incentives
& programs for residential and business.

Gel paid o go green

ALTERNATIVE ENERGY ENERGY EFFICIENT GUIDES ENERGY STORE FEDERAL INCENTIVES

NE - Nebraska Public Power District - Commercial Energy Efficiency

Rebate Programs

Title: Nebraska Public Power District Commercial 2

Energy Efficiency Utility Rebate Program Ads by GOOg .

Stop seeing this ad

Why this ad? [

Details:

The Nebraska Public Power District Commercial Energy
Efficiency Utility Rebate Program is a Local Government,
State Govemment, Federal Government, Commercial,
Industrial, and Nonprofit program for those who have
energy efficient improvements made with the following:
Central Air conditioners, Motors, Motor VFDs, Lighting,
and Heat pumps. The program offers from $75 for a
lighting fixture to $30/hp for a variable frequency drive.
For more details use the following links and contact
below:

http://www.nppd.com/EnergyWise/business.asp
Contact for more information:

Cory Fuehrer

Nebraska Public Power District

907 West 25th Street

York, NE 68467

Phone: (402) 362-7390

Phone 2: (402) 340-2455

E-Mail: criuehr@nppd.com

Web Site: http://www.nppd.com/Energy_Efficiency/Energywise/business.asp
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7.5 Lighting Product Information

Home / Lighting / Light Bulbs / Tube Lights / LED Tube Lights

Philips
32W T8/40W T12 Equivalent 4 ft. Linear Universal Fit Cool White LED Tube Light Bulb
(4000K) (30-Pack)

*k k%o (1905 v Questions & Answers (100)

+9

NLO0XX | Industrial Assessment Center

Internet #309791571 Model #539155

Includes 30 bulbs ($12.80 /bulb)

$384-09 /package

m $65.00 /mo” suggested payments with 6 months' financing Apply Now ﬂ

* 4' T8 & T12, operating on both electronic and magnetic ballasts
+ Cool white LED tube lamp emits vibrant, energizing light
# Energy saving LED lasts roughly 32.9 years (Based on 3 hr/day)

* View More Details

Number of Bulbs Included: 30

2|30/ 4
{Pck | FicX| I Pack.

Color Temperature: Cool White

Cool White

Light Bulb Base Code: G13

=

How to Get It Delivering to: 68521 | Change
> =
» 4 © B
Ship to Store Ship to Home Scheduled Delivery
Pickup Get it by Not available for this
Jun 21 - Jun 23 Thu, Jun 23 item

FREE FREE

We'll send up to 26 to N Lincoln for free pickup
Change Store

|@ Feedback I[f_ﬂ Live Chat I
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Product Overview

Philips universal fit LED tubes. The easiest replacement for linear bulbs. Philips universal fit LED tubes (16T8/LED/48- Additional Resources

840/UF18/G) replace T8 and T12 linear flucrescent bulbs and can be used with most electranic or magnetic ballasts. Tubes
From the Manufacturer
provide bright, energy efficient light in kitchens, laundry rooms, garages and more with up to 40% energy savings (compared to :
* Compatibility Chart
F32T8 electronic instant start systems). These bulbs turn on instantly, contain no mercury, operate in cold temperatures, and
You will need Adobe® Acrobat® Reader to view PDF documents. Download a free copy from the Adobe Web site
have a long life span. LED lifetime means the length of time (in hours) until half of the LED light sources maintain at least 70% of

their initial lumen output (B50, L70). Easily replaces T8 or T12 linear fluorescent bulbs with no rewiring; compatible with electronic
or magnetic ballasts; turns on instantly and delivers bright, clear light; bright, even light for rooms with frequent on/off switching;
36,000 hour lifespan.

¢ Brightness: 1800 Lumens

Estimated yearly energy cost: $2.05 (based on 3-hours per day, 11/kWh, costs depend on rates and use)

o Life: 32.9-year (based on 3-hour/day)

Light appearance: 4000K (cool white)

Energy used: 16-Watt (equivalent to a 32-Watt linear fluorescent light bulb)
o Lumens per watt: 112.5

+ See every detail when you illuminate your kitchen, garage, workshop, or basement with bright, efficient LED light; ideal for
general use or task lighting throughout your home or office, Philips universal fit LED tubes turn on instantly with no flickering
or wavering

» Perfect for retail spaces, offices, school, hospitals, and more, Philips universal fit LED tubes are compatible with most
electronic and magnetic ballasts and deliver bright, even lighting and up to 40% savings on electricity bills; plus, the long
lifespan reduces the hassle of changing burned out fluorescent bulbs in hard to reach areas

Unsure of tube size or ballast type Philips universal fit LED tubes remove the guesswork because they're designed to

https://www.homedepot.com/p/Philips-32W-T8-40W-T12-Equivalent-4-ft-Linear-Universal-Fit-Cool-
White-LED-Tube-Light-Bulb-4000K-30-Pack-539155/309791571
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|
Product Categories / Lighting / Light Bulbs & Lamps / Linear Light Bulbs & Lamps / General Purpose Linear Light Bulbs / Linear LED Bulb: T5, Miniature Bi-Pin (GS), 4 f. SEmal & p,l_
PHILIPS
. . _— . Web Price @
Linear LED Bulb: T5, Miniature Bi-Pin (G5), 4 ft Nominal Lg, 28 W LFL, 14 W $21.93 /each
Watts, 2100 Im Min qty of 10: $219.30

‘ —aty
Item # 449U96 Mir. Model # 476515 10 AddtoCart
UNSPSC # 39112102 Catalog Page # 481
This product can only be shipped in

Country of Origin China. Country of Origin is subject to change. multiples of 10

Hybrid (UL Type A/C) LED linear light bulbs can be installed in a fluorescent lighting fixture that is powered by
o8 a ballast. If the fixture’s ballast fails, the fixture can be retrofitted with a compatible LED driver that provides . )
power to the bulb. This spreads out the cost of converting lighting systems from fluorescent tec View More v @® ship Pickup
Expected to arrive Fri. Jun 17.
Ship to 68450 | Change

Compare this product

Roll over image to zoom.

™ Product Image Feedback Shipping Weight 0.355 Ibs

Ship Availability Terms
Technical Specs

Add toLList
Item Linear LED Bulb Rough Service No

Technical Specs
Item Linear LED Bulb Rough Service No
Bulb UL Type Type A, Type C Dimmable Yes
Nominal Length 4t Color Rendering Index 82
Overall Length 453/4in Color Tuning No
Bulb Shape T5 Bulb Finish Frosted
Bulb Base Type Miniature Bi-Pin (G5) Bulb Housing Glass
Light Appearance 4000 to 4999K, Cool White Bulb Minimum Starting Temperature -4 Degrees F
Color Temperature 4000K Bulb Operating Temp. Range -4 Degrees to 113 Degrees F
Light Technology LED For Enclosed Fixtures No
Watts 14W Standards UL, cUL Listed
Wattage Equivalency 28 W LFL Energy Star Compliant No
Lumens 2100 Im Bulb Designation 14T5HE/48-840/IF21/G/DIM 10/1
Voltage 70to 105V AC Bulb Manufacturers Warranty Length ~ 5yr
Shatter-Resistant No Lamp Wiring Not Applicable
Indoor/Qutdoor Usage Indoor Only Dimming Type 0-10v
Rated Life 50,000 hr Dimming Method Continuous Dimming
Bulb Power Source Plug and Play Lighting Certification DesignLights Consortium (DLC)
Bulb Primary Application General Purpose Series InstantFit
Bulb Dia. 3/4in Green Environmental Attribute Product Contributes To Reducing

Energy Consumption

https://www.grainger.com/product/PHILIPS-Linear-LED-Bulb-T5-449U96
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Roll over image to zoom.

o Product Image Feedback
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U-Bend Light Bulbs & Lamps / U-Bend LED Bulb: T8, & in Bulb Bend Radius, Med

PHILIPS

U-Bend LED Bulb: T8, 6 in Bulb Bend Radius, Medium Bi-Pin (G13), 22 1/2in
Overall Lg

Item # 53YZ41 Mfr. Model # 541870
UNSPSC # 39112102 Catalog Page # 484

Country of Origin China. Country of Origin is subject to change.

Plug-and-play (UL Type A) LED U-bend light bulbs can be installed in flucrescent lighting fixtures that are
powered by ballasts. They avoid the expense of retrofitting lighting fixtures with LED drivers or wiring the bulbs
into the building's power supply when switching lighting systems from fluorescent technology tc View More v

Compare this product

NLO0XX | Industrial Assessment Center

S Emall @ wu

Web Price @

522.98 / each
Min qty of 10: $229.80

ay
10 Add to Cart

This product can only be shipped in
multiples of 10.

@ ship Pickup

Expected to arrive Fri. Jun 17.
Ship to 68450 | Change

Shipping Weight 0.62 Ibs
Ship Availability Terms



Technical Specs

Item

Bulb Shape

Bulb Base Type
Overall Length

Bulb Bend Radius
Bulb Dia.

Light Technology
Color Temperature
Light Appearance
Lumens

Dimmable

Wattage Equivalency
Watts

Voltage

Bulb Primary Application
Bulb Type

Bulb Power Source
Trade Number

Rated Life

U-Bend LED Bulb

T8

Medium Bi-Pin (G13)
221/2in

6in

11/8in

LED

4000K

4000 to 4999K, Cool White
2,100 Im

No

32W Fluorescent

13W

120to 277V AC, 347V AC
General Purpose

U-Bend

Plug and Play
13T8/24-4000 IF 10/1

70,000 hr

Shatter-Resistant

Bulb Finish

Bulb Housing

Bulb Operating Temp. Range

Color Tuning

For Enclosed Fixtures
Indoor/Qutdoor Usage

Light Distribution

Bulb Manufacturers Warranty Length
Rough Service

Energy Star Compliant

For Use With

High Output

Color Rendering Index

Bulb Minimum Starting Temperature
Includes

Standards

Green Environmental Attribute

Green Certification or Other
Recognition

https://www.grainger.com/product/PHILIPS-U-Bend-LED-Bulb-T8-53YZ41

NLO0XX | Industrial Assessment Center

Yes

Frosted

Polycarbonate

-4 Degrees to 113 Degrees F
No

Yes

Indoor/Outdoor

Downward

Syr

No

No

U-Bend Fluorescent Fixtures
No

80.0

-4 Degrees F

No Accessories Included
CE, RoHS Compliant, UL Listed

Product Contributes To Reducing
Energy Consumption

DesignLights Consortium (DLC)(R)
Listed


https://www.grainger.com/product/PHILIPS-U-Bend-LED-Bulb-T8-53YZ41

100

7.6 Lighting Rebate via XXX

E N ERGYW' SE N ABOUT ENERGYWISE ~ ENERGY SAVINGS TIPS~ TOOLS & RESOURCES ~ CONTACT US

Use less. Spend less. Do more. Nebraska Public Power District

Al e when o noed s

Follow these easy steps

o Visit with your electrical utility to discuss your project and pick up an application form.

o Obtain a contractor and install any of the energy-efficient lighting products as identified in the chart.

o Complete an application form after installation is complete.

o Submit the signed application, (along with proof of purchase identified in the application’s terms & conditions) to your local utility for the incentive

within 90 days of installation.

Application LED Wattage Incentive
Linear Fluorescent NEW 9-22 watts LED $5
(Replaces fluorescent) LED Fixture
23 - 45 watts LED $10
46 - 68 watts LED $15
69 watts or greater LED $20
Retrofit Lamp, ~ 9-22 watts LED $2
Tube, Panel
orKit 23 - 45 watts LED $4
46- 68 watts LED 6
69 watts LED 48

https://nppd.energywisenebraska.com/business/
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7.7 CAGI data sheet for Quincy Compressor (QGV-75)

COMPEESSOR DATA SHEET
Im Accordance With Federal Uniform Test AMethod for Certain Lubricated Air Compressors

Fotary Compressor: Variable Freguency Drive

MODEL DATA - FOR COMPRESSED ATR.
1 Mlanunfacharer: Quincy Compressor
Model Number: QGV-TS Diata: 022221
z El Adr-cooled I:| TWater-cooled Type: SCrew
# of Stapes: 1
3+ Full Load Operating Prassure 125 psig
4 Dirive Motor MNominal Bating T5 bip
5 Dirive MMotor Mominal Efficiency 042 percent
& Fan Motor Mominal Badng (if applicable) 3.TS b
7 Fan Motor Mominal Efficiency TE.0 prercent
_ - ] ad Specific ?\a‘wﬂ_
P Power (R0 Capacity (acfm) EW100 scfm ™
68.3 3412 20,00
g+ 58.4 1ET D 2030
484 2348 2060
389 181.2 2150
20.3 1278 2200
o Total Package Input Power at Zaro Flow c.d ] EW
10 Isensmopic Efficiency T1.6 B
.
g w1
‘% 24,1
+E T —
11 204 E—
. sa0 1030 530 WL =n N 1530 AL
apmcity (A CFM)
e L T B . ey S
M-Axin Souks, O e ver TmaTELET Cagpmect

*For modelk that are tested in the CAGT Performance Verificamon Program, these items are verifed Ty the third party admimismanar
Comn=alr CAGT website for a list of participants in the third party verification prosram- WL CASL OO

. Annex F;

a. Mozwered 2t the dischargs terorinal podnt of H:nccl:;m.-:cw.ﬂzn:.ac..crdmcnrrj IS0 1X
is actmal cubic foet per minute at inlet c
b Thnmmpunmnnh_chﬂmfmacr Hmﬂjmdﬂma.fnmmn (Brens E) weme measursd for this dats shast
BAGI G ‘In Load Powar. In accordamce with ISD Annox E, if measurasant of n.n-.-car.l;pcru.u eqpaals Jess than 1%:,

fcant™ or om the test report.
. Annex E, 2 shoam in tabls balow

[omaresad i | s Pese e e e e e
MOTE: The teoms "power” and "ensogy™ ams syncoyesos: for purposes of ihis documsant.

Blzanbar
Vehone Flew Faio Specific Enargy Faro Flow
at spacifiod comditions Vohirss Floar Ram Comsunsption Powar
i & Jmm % 2 %
Belew Below 17.6 T B
0.5 b2 1.5 17.6 o 33 e T o o10es
L3t 13 53 o 5287 -5 B
ROT 031.1 Abows 15 Abova 520.7 +-4 +E 5
1218 Ronr 3 This lisrmn s develo pad by the Compresed Air snd Giss lastibals G e e of it mosben paticipaling in G FVP_CALE has sol indopandently versfisd tie sepotod data
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7.8 Leakage Data of the Facility

Table 7.8-1: Summary of Leaks Located During Assessment

Location 1Svel:izs‘1stl:\l;ft(; Leak Rate
Level (cfm)
Line 3 88 16.47
Line 1 63 1.88
Line 5 83 10.67
Line 7 49 0.56
Line 7 71 3.77
Line 12 61 1.58
Line 6 62 1.73
Line 11 47 0.47
Line 16 55 0.94
Line 18 72 4.11
Line 4 72 4.11
Paint Line 72 4.11
Line 25 47 0.47
Line 25 65 2.24
Line 25 71 3.77
Line 25 51 0.67
Line 28 70 3.46
Line 28 58 1.22
Compressor Room 73 4.49
Compressor Room 57 1.12
Paper Line 48 0.51
Paper Line 88 16.47
Total 68.37

NLO0XX | Industrial Assessment Center
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7.9 Ultrasonic Leak Detector Vendor Quote Information

Recommended Product Available from: https://www.trutechtools.com/0028-8012

: Tru FrearlinRatings €3
Tech et Bt i e ek FREE SHIPPING -
Tool i s e Q D ciiii uca oeoene OVER $49 - éa okl
5 1477 REVIEWS
Ouaiity Took. Exserenl Support.

BRANDS HEATING COOLING ELECTRICAL AIRFLOW TUBINGTOOLS KITS BUILDING PERFORMANCE PROMOS MORE

Gotectors = Hacharach Iru Pointe 100 Leak Detectar Kit with Soundilasses

= "acharack = Ultrassmic Leal

Bacharach Tru Pointe 1100 Leak Detector
Kit with SoundBlaster

5L DD28-8012 Crand: Bacharach

On Sale: é2scoos $3,B'S2.'ID

Starting at $17 o with affiermsl Precualify now

Availability: m

We have 2in stock. "; b
3
Quantity

RSN = ADD TO CART

From $172/month with IG) CREDIT KEY Frequalify Nowd

This product comes with a 3 year manufacturer
7 ADD TOWISH LIST R

Add product protection offered by Extend What's coversd

1 'Year - 5159 2 Year - $253 3 Year - $359

Shop - Earn - Redeem!

Earn 1862 TruReward$ points with purchase!

D

Bacharach Tru Pointe 1100 Kit

Bacharach Tru Palnta 1100 Kit with Scundblaster Ultrasonic Leak Detector 3 state-of-the-art digital ultrasonsc Inspection system for leak detectien, mechanical inspection and
troubleshooting,

NLO0XX | Industrial Assessment Center
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Other Ultrasonic Leak Detectors:

NLO0XX | Industrial Assessment Center
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rasonic Leak Detagty;

ponte Utia 6110 Pite g

ggﬂ!urp P

Bacharach's Tru Pointe® Ultra s a compact ulirasonic lesk detector that uses patented technology to detect leaks in
air conditioning and refrigeration systems. The Tru Pointe® Ultra is the world's first pocket-size electronic instrument

that can simultaneously detect the vacuum and high pressure leaks that occur i HYAC/R systems. The Tru Pointe® Uitra
guides the user to a leak by quantifying the intensity of the ultrasound and converfing it to a sound the user can hear
easily through headphones.

Tnu Pointe® Ultra's nperational principle is basad on the detection of inaudible high frequency sounds produced by the
flow of gases and liquids in leaks. The leak fiow, passing through very reamow spaces [cracks, holes efc.|, generates a rich
ultrasonic sound spectrum which is easy to detect with the Tru Pointe® Llitra leak detector.

Since the Tru Pointe® Ultra detects airbome ultrasound and is nof a particular to gas chemistry it can detect all types
of gases including nitrogen and refrigerants rushing in & system under vacuum. An electronic conversion process called
heterodyning transtates this ultrasound into true audible sound that helps the user distinguish leaks through headphaones.

5aves fime and money!

The Tru Painte® Llira is capable of finding pressure and vacuum leaks in HVAC systems, without being affected by the
wind or background refrigerants in confined spaces. It can find a leak as small as 2.5-Joz.fyr (Bdgriyr).

Mwailabile with compact, folding headset (Tru Pointe™ Uktra) or high quality stereo headphones (Tru Pointe® Ultra HDJ, the
Tru Pointe® Ulira is an indispensable tool that saves time and money for every HVAC/R technician and contractor,

Phone: 1-800-736-4666 | Woebsite: www.MyBacharach.com | E-mail: help@MyBacharach.com

NLO0XX | Industrial Assessment Center
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Tru Pointe® Ulra Feafures & Benefis:

Mot affected by wind or the presence of other gases or high concentrations.
Ten-step LED Bar Graph shows signal strength.

On-the-fly Sensitivity Adjustment aids in locating leaks gquickly.

* True sound reproduction ensures fast recognition of leaks.

Tru Pointe® Ulfra Specifications

Cimensions: 557 [Mécm| X2.£ (&1mm) X 875 [22.22mm|
\Wisight- 0.3 [138g1) Inchedes Batiery
Body Materak: [Chrahie ABS

HAudio Comector: 3.5mm Siereg

Airbome Semsor Sensithity -B0chyV-pbar

Ukrzzound Comerier Tipe: Analog Controlled Hetemdyre
Fequency response, Airborne: JikHr tn £7kHz

Heterodyne Filtar AHz

Heterodyne Dscillstor Analg

Controk: 1 Button

Sensitivity Controk: Continually Verisble Side
Olutput, Ao OHz o 4z

Output, Visusk 10 Sagment Bar Gaph
Eattery Type: 0'Volt

Fun Time: 0120 bes

Touch Probe- Helps convert sounds within valves or solids to airbome sound for the
Tru Pointe® Ultra to detect. (Patented).

- =

Headset Options- Choice of compact, foldable headset or high-quality stereo headset;
choose Tru Pointe® Ultra or Tru Pointe® Ulira HD.

SoundBlaster® - Ultrasonic Sound Generator. Artificially pressurizes rooms, tanks,
enclosures with sound that the Tru Pointe® Ultra can detect thus locating where
they leak air, water or other fluids or gases.

Tru Pointe= Mira & Tru Poinfe= Dliva I
Ordering Information
: 228000 Tru Pomte™ Ultra Leak Detector Kit w/folding headset
228010 Tru Pomte™ Ultra Leak Detector Kit wifolding headsat & SoundBlaster®

78001 Tru Pomte® Utra HD Leak Detector Kit wy'stereo headphones Distributed
28011 Tru Pomte™ Ulira HD Leak Detsctar Kit w/stereo headphones & SondBlaster® '

mm Bacharch is a mgstorsd trmdemark of Bacharmch, Inc. ]
Th issrsble Difmsez * & Product Bulletin 4177 210, Bacharch, lnc., all rights rseeeed. All informafion i subject to verfication. @ 150 90012008
N0 - ARY.0  Prinied mULSA. -

NLO0XX | Industrial Assessment Center
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Mada in USA

AccuTrak

Ultrasonic Leak Detectors

Ultrasonic Leak Detection with Superior AccuTrak® VPE

The Patented Superior AccuTrak® VPE State-of-the-art Technology

for pinpointing leaks in Air Conditioning and Refrigeration Systems
AccuTrak® is extremely sensitive to the ultrasonic sound of a turbulent gas leak.

Using a technology called *heterodyning” it translates the sound to a lower frequency which
your ear can interpret. AccuTrak® maintains the original sound charactenstics
making it possible to distinguish leaks from other competing background sounds.

AccuTrak®is so sensitive you can actually hear the blink of an eye, yet most
background noise will not interfere with detection accuracy.

Applications:

+  Leak Detection: Air, Viacuum, Refrigerants, ANY GAS!

+  Diagnose thermal expansion valves in just five minutes!

+  Valves: Detect/ Hear internal leakage in any type of valvel

+  Bearing Wear. Hear wear & lubrication problems before damage is donel
+  Steam Traps: Detect live steam loss in seconds!

Capabilities:

+  Works equally well for compressed Air or Nitrogen.

+ Mot affected by wind or high concentrations of leaked gas or refrigerant.

+ Capable of detecting leaks equivalent to 1.5 ozfyear of Refrigerant.

+  Able to detect a & psi leak through a 0.005" (5/1000 inch) hole, from a 20-30 foot distance
depending on background noise.

+ Easily defects any gas that generates ultrasonic sound dunng flow including vacuum leaks.

Introducing the NEW VPE-GN Gooseneck
Finds Leaks in Hard to Reach Spaces!

The New 9%%" Flexible Gooseneck Makes
Leak Detecfion Easy in Hard-To-Reach Places!

NLO0XX | Industrial Assessment Center
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Fluke Industrial Acoustic Imager Vendor Quote Information

Recommended Product Available from: https://www.fluke.com/en-us/product/industrial-imaging/sonic-

industrial-imager-11900

Other Fluke companies w Products Leamn Support Talk to Sales © Shop  Promotions

Home » Products ' Industrial imaging

Fluke ii900 Industrial Acoustic Imager $21.499.99

In stock - only 1 left

4.8 (5) Write a review

Key features

[T Free shipping over $50
Now with Care Plan options Arrives by Monday, Aug 08
Do more with the same air compressors — delay the capital expense of purchasing
an additional compressor

@ 30-day Returns

Ensure proper air pressure to your pneumatic equipment See all models
Lower utility costs

Reduce leak detection time

Model

¥ Read more Fluke ii900 Sonic Industrial Imager

hal X B - &, Manuals
@ o R O S I
SRR . =

Find a distributor

NLO0XX | Industrial Assessment Center
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7.10 Water Flow Meter quotes
Quote 1

https://globalfuelingsystems.com/gpi-tm20ng9gmb-flomec-2-npt-female-pve-tm-series-water-meter-20-

200-gpm/?setCurrencyld=1&sku=TM20NQ9GMB

Thousands of items ship for free on orders over $3500 -

LOBMAL

EUELI NG SHOP BY CATEGORY SHOP BY BRAND OUR SERVICES

SwSTEMS

Due to increased order volume, many of our shipping partners are experiencing delays. Piease contact us for product specific lead times.

Home > Shop By Category > Fuel Flow Meters > GPI TM20NQ3GMBE FLOMEC® TM Series 2" NPT Female PVC Water Meter (20 - 200 GPM)

TM20NQIGMB

GPlI TM20NQ9GMB FLOMEC® TM Series 2" NPT
Female PVC Water Meter (20 - 200 GPM)

Write A Review Got a Question? i SHIPPING OPTIONS

Included: (1) GPI TM20NQIGMB FLOMEC® TN Series 2" NPT Female PVC Water Meter
(20 - 200 GPM)

Quantity: Our Price: $585.00

- 17 +

ADD TO CART

NLO0XX | Industrial Assessment Center
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Quote 2

https://globalfuelingsystems.com/gpi-tm07ng9gma-tm-series-2-20-gpm-3-4-npt-female-pve-turbine-type-

water-meter-gallon/

itemns ship for free on orders over $500 -

LOB[L SHOP BY CATEGORY SHOP BY BRAND OUR SERVICES

G
FUELING

SYSTEMS

Due to increased order volume, many of our shipping partners are experiencing defays. Please contact us for product specific lead times.

s > GPI TMOTNQSGMA TM Series 2 - 20 GPM 3/4” NPT Female PVC Turbine Type Water Meter (Gallon)

TMOTNQIGMA

GPlI TMO7NQI9GMA TM Series 2 - 20 GPM 3/4" NPT
Female PVC Turbine Type Water Meter (Gallon)

Write A Review Got & Question? i SHIPPING OPTIONS

(1) GPI TMOTNQIGMA TM Senes 2 - 20 GPM 3/4" NPT Female PVC Turbine
Type Water Meter (Gallon)

Included:

GPI TMOTNQSGMA TM Series 2 - 20 GPM 3/4" NPT Female PVC Turbine Type Water Meter (Gallon) is
a perfect irrigation flow meter for golf courses, agricultural sprayers & greenhouses, municipal parks and

pools.

Quantity: Our Price: $413.00
1+

NLO0XX | Industrial Assessment Center
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Quote 3

https://greatplainsindustries.com/products/1-2-inch-to-2-inch-pvc-water-processing-and-irrigation-flow-

meter?currency=USD&variant=44040542060779&utm medium=cpc&utm source=google&utm campai

en=Google%20Shopping& eclid=CjwKCAjw5remBhBiEiwAXxL.2M93Mz7ASpGogA8QVOkCiKNIw2K
XeJt9UYLD3sAJrBtZkmYrbLRiaUNhoCo9kQAvD BwE

CONTACTUS [e)
= =G Q Pl R

Support M-F

Home > 1/2-inch to 2-inch PVC Water Processing and Irrigation Flow Meter

FLOMEC

1/E_INCH TD E_INCH pvc 1/2-Inch 3/4-Inch T-Inch 1-1/2-Inch
WATER PROCESSING AND

IRRIGATION FLOW METER Fitting Type

FLOMEC® TM Series Spigot | NPT (Female)
SKUTM20BQSLMB it Messure

$585.00 Gallon

o Hr A He 1review | G§ Ask The First Question

Quantity
1

@ FLOMEC products are built to order, and typically have a lead time of 2-3
weeks. After placing your order a GPI representative will contact you
regarding the lead time and availability for this item. FLOMEC 4-20mA Output Module for...
$479.00

€ —
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https://greatplainsindustries.com/products/1-2-inch-to-2-inch-pvc-water-processing-and-irrigation-flow-meter?currency=USD&variant=44040542060779&utm_medium=cpc&utm_source=google&utm_campaign=Google%20Shopping&gclid=CjwKCAjw5remBhBiEiwAxL2M93Mz7ASpGoqA8QV0kCjKNIw2KXeJt9UYLD3sAJrBtZkmYrbLRiaUNhoCo9kQAvD_BwE
https://greatplainsindustries.com/products/1-2-inch-to-2-inch-pvc-water-processing-and-irrigation-flow-meter?currency=USD&variant=44040542060779&utm_medium=cpc&utm_source=google&utm_campaign=Google%20Shopping&gclid=CjwKCAjw5remBhBiEiwAxL2M93Mz7ASpGoqA8QV0kCjKNIw2KXeJt9UYLD3sAJrBtZkmYrbLRiaUNhoCo9kQAvD_BwE
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