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Executive Summary

Minnesota drinking water treatment facilities produced 138 billion gallons of waterin 2017 which used
an estimated 293 million kilowatt hours (kWh) of energy. This is about 0.5% of the electrical
consumption in Minnesota, and about 1.3% of industrial electrical consumption in the State (State
Electricity Profiles, 2019; State Electricity Profiles, 2017). This project evaluated the major types of
electrical consumption within Minnesota drinking water treatment plants (WTPs), identified
opportunities for increasing energy efficiency, and explored how electrical utilities may promote these
opportunities as part of their Conservation Improvement Program (CIP).

This project started with a literature review to identify current practices in the drinking water treatment
sector with respect to energy conservationand what is known about the topic. The secondstep was to
interview a representative sampling of 15 drinking water utilities. These systems representedthree size
classes based on the amount of water produced per year, large (>500 million gallons per year, MGY),
medium (50-500 MGY), small (5-50 MGY), and they represented five geographic areas of the state, the
four quadrants of the state (southeast, southwest, northwest, & northeast) as well as the metro area.
Interviews covered the structure and operation of the utility including how each utility uses electricity
and what conservation opportunities they had considered, attempted, and implemented. Utility
electrical data allowed the calculation of specific energy benchmarks for each water utility. Three
companies that drill and maintain wells and service pumps were also interviewed to get their
perspective on potential conservation opportunities.

Overall system specific energy, or the energy needed to produce one million gallons of water (kWh/MG),
was calculatedfor 14 of the 15 sites interviewed. The specific energy for the three primary operations,
acquisition, treatment and distribution, were also calculated for 13 of the 15 sites interviewed. One
plant did not provide energydata and the treatment and distribution specific energy were combined for
two sites due to complex interactions between the three primary operations. Specific energy estimates
are presentedin Table 1 by systemsize, andin Table 2 by plant configuration. In Table 1, where specific
energy is based on just part of the group, the number of systems contributing tothe average s given in
parentheses.

Table 1: The average values of specific energy for each size category with average values for acquisition,
treatment, and distribution. Values in parentheses are the number of each group contributing to the average.

Size Number  Average Acquisition Treatment Distribution
inclass (kWh/MG) (kWh/MG) (kWh/MG) (kWh/MG)
GW Small (5 — 50 MGY) 3 2,250 1,050 400 1,050
GW Medium (50 —500 MGY) 4 1600 700 300 (2) 600
GW Large (> 500 MGY) 8 2,300(7) 900 350 (5) 1000 (7)

Small and large plants in our sample were the most energy intensive, averaging 2,300 kWh/MG, with
medium plants being the most efficient at 1,600 kWh/MG (28% less). The patternfor acquisition,
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treatment, and distribution steps followed a pattern of medium plants being most efficient followed by
large plants and then small plants.

Table 2: The average specificenergy for acquisition, treatment, and distribution for the different site
configurations encountered.

Configuration = Numberin Acquisition Treatment Distribution Overall
Class (MG/kWh) (MG/kWh) (MG/kWh) (MG/kWh)
Treat at well 3 700 0 600 1,300
Filtration 8 1,000 400 900 3,300
Lime softening 3 750 350 1,350 2,350
Reverse osmosis 1 1,100 830 1,150 3,100

Looking at energy use by plant configuration, the reverse osmosis plant was the most energy intensive
at 3,100 kwWh/MG followed by lime softening plants at 2,350 kWh/MG (22% less), filtration plants at
2,200 kWh/MG (6% less than lime softening plants), with treat at the well plants being the most energy
efficient at 1,300 kWh/MG (40% less than filtration plants). These trends are as expected based on the
amount of complexity.

A third step was to evaluate five opportunities at five water utilities. The assessments focused on five
major opportunities identified by the informational interviews (the numbers in parentheses denote the

number of sites where each opportunity was analyzed and the last two were analyzed using statewide
data):

e Well/pump rehabilitation (2)

e Pump efficiency optimization (3)

e Variable frequency drive (VFD) installation and optimization (2)
e Customer waterconservation

e Waterloss reduction

Energy Conservation Opportunity Results

Each section below provides a description of the energy conservation opportunity and the
implementation and energy savings based on the informational interviews energy assessments.

Pump and Well Rehabilitation

Pump and well rehabilitation are maintenance activities performed on these sub-systems. Well
rehabilitation includes maintenance performed on the acquisition wells including screen cleaning, drop
pipe replacement or coating, air sparging, and other types of rock formation reclamation. Pump
rehabilitation includes all maintenance performed on various pumps usedin the water treatment
process and typically includes replacement of key components of the pump such as wearrings,
impellers, or bearings, or replacing the entire pump and motor. Pump rehabilitation typically applies to
well pumps, as well as booster and distribution pumps and is a subset of well rehabilitation.

Determining the Energy Efficiency Opportunity Potential at Minnesota Drinking Water Utilities
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A typical maintenance plan includes pump/well rehabilitation every 7-10 years which was analyzed at
two sites during the assessment phase. Savings of 7-8% of acquisition energy were identified. This type
of maintenance procedure should be implemented wherever it is not currently being followed (53% of
utilities based on interview results). None of the interview sites were planning pump maintenance based
on specific energy monitoring which is likely to yield a 1-2% decrease in acquisition energy use.

Pump Efficiency Optimization

Pump optimizationinvolves finding the combination of pumps that provides the greatest energy
efficiency possible for the system’s configuration. This opportunity is most applicable to systems with
several pumps that serve the same purpose, such as multiple wells or redundant distribution pumps.
Selecting the optimal combination of pumps for operation can potentially save 3 to 7% of anindividual
drinking water utility’s energy consumption.

Customer Conservation

Customer conservation provides energy savings through customer water savings. Items such as low flow
toilets and showerheads, smartirrigation devices, and other household appliances use less water than
what was previously installed. The water saved from customer conservation leads to less water pumped
and treated at the WTP, which in turn saves energy used to produce excess water. Nine water utilities
with strong customer water conservation programs were responsible for 71% of customer water
conservationachieved in Minnesota between 2017 and 2019. These strong programs achieved water
savings of 0.5-2% per year per site. The small number of cities providing strong water conservation
programs indicate that much of the state could still benefit from a water conservation program.

Water Loss Reduction

Water losses include all water that is acquired from a water source but is not delivered toa customer.
This includes water lost by leaks while distributing water, water lost during treatment processes, as well
as hydrant flushing/use. The energy savings are proportional to the amount of water saved with the
specific energy used as a conversion factor. The average leakrate at the sites interviewed was 11% and
the Department of Natural Resources (DNR)target is 10%. This indicates an average opportunity of 1%,
but leak rates much lower than 10% are attainable since 1/3 of the sites interviewed at or below leak
rates of 5%.

Variable Frequency Drive Installation and Optimization

VFDs on pumps can increase energy efficiency by allowing a pump to run at its optimal point (best
operating point). They canalso eliminate throttling large pumps to achieve the desired flow rate. VFDs
were installed on most of the pumps identified during the interview process, but they generally
appearedto be usedto reduce wear on pumps or as a soft start. Using VFDs to eliminate throttling can
reduce pump energy by 30% but this does not appear to be a common opportunity for the sector as
many sites have alreadyimplemented this savings measure. Due to many WTPs having implemented
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VFDs, a widely available opportunity for the sectoris to use VFDs to optimize the pump’s best operating

point to save 1-3% of pump energy.

Miscellaneous Energy Efficiency Measures

Heating and space conditioning are not a large opportunity for the sector overall, however the impact

on smallfacilities can be significant where the structure is rarely occupied. It also more generally applies

to well houses which are typically uninsulated and unoccupied. One small water utility showed that
reducing the thermostat set point to 60°F saved 15% of the energy used.

Electric Utility Support of Conservation Opportunities

Table 3 shows the statewide energy saving potential for each opportunity, in order from most to least
potential savings.

Table 3: Summary table of opportunities and their statewide potential.

Opportunity Percent of State Estimated Savings Estimated Sector
Water Utilities Energy Saving
Available (kWh/yr)
Pump Efficiency Optimization (PEO): N/A N/A 25,000,000
PEO: Well Pump Selection 87% 5% 14,000,000
PEOQ: Distribution Pump Selection 87% 0.7% 2,200,000
PEO: Pump Redesign 10% 600 kWh/MG 8,300,000
Well/Pump Rehabilitation 53% 6% 9,300,000
Water Loss Reduction (WLR): N/A N/A 3,500,000
WLR: Distribution Leak Repair 95% 2.5-31% of losses 2,400,000
WLR: Hydrant Repair 96% 0.4-2.3% of losses 180,000
WLR: Treatment Losses 87% 2.3-43% of losses 890,000
WLR: Pressure Control 15% 1.4% of losses 31,000
WLR: Storage Mixing 15% 0.6% of losses 2,000
Customer Conservation (CC): N/A N/A 2,700,000
CC:Irrigation 94% N/A 1,200,000
CC: Residential Appliances 94% N/A 1,500,000
CC: Other 94% N/A 85,000
VFD Optimization 60% 1.5% 1,900,000
Statewide Total N/A N/A 42,000,000

Pump efficiency optimization and well/pump rehabilitation showed the greatest potential for statewide

energy conservation with modest savings potential and a fairly large number of potentialsites. The

identification of sites with greater potential for pump efficiency optimizationare those with greater than
five wells. For well/pump rehabilitation, sites without an existing plan for rehabilitation will provide the

greatest potential. Arequirement for incentivizing these opportunities is the measurement of specific
energy for the pumps involved. During the interview process, nosites had the robust electricity
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monitoring that these two opportunities would require and would likely need to be incentivized by the
electric utility. This system could emulate how compressed air leak audits are incentivized currently by
electric utilities: an initial audit is completed to identify leaks and the audit is paid back once leaks are
fixed. This ensures that energy savings are occurring from the investment by the electric utility. In a
similar fashion, monitoring equipment could be installed to aid in pump efficiency prioritizationand
well/pump rehabilitation and could be paid back if efficient pumps are utilized or well/pump
maintenance is completed.

Water loss reduction and customer conservation showed the next greatest potential for savings witha
relatively high number of facilities in the state not currently with active plans for either and relatively
high potential energy savings. This opportunity is easily identified with DNR data on leak rates and could
be incentivized on a per leak fix basis similar to current compress air leak programs. Aleak rate of 10%
or less is recommended by the DNR and any sites above that would be good initial targets for outreach.
To identify sites that could benefit from customer conservation, the water use per capita and the
specific energy could be used as a wayto identify higher opportunity as higher per capita use would
indicate more opportunity for customer conservationand a higher specific energy would indicate a
largerincentive to reduce water use. Rebate programs offered by the water utility, could be partially
funded by the electric utility on a per gallon basis which can be converted to energy savings using the
specific energy (kWh/MG).

The final two opportunities identified were relatedto VFD operation and had the lowest statewide
potential. VFDs were commonly found on well pumps in drinking water treatment plants, but
optimization is rare —they are mostly used for demand rather than energy reduction. Identification of
optimization activityis more challenging than the other opportunities, requiring an in-depth assessment
of water utility operation. Since these opportunities have a smaller statewide potential, they should be
reserved for special cases.

In total, the opportunities identified above have a statewide potential of 42,000,000 kWh per year.
More than half of that total is contained in the pump efficiency optimization opportunity, hinting at
relatively small savings for the rest. These savings values likely do not warrant a full program devoted to
this industry, but other options exist such as combining with wastewater treatment facilities to cover a
larger sector or combining utility service areas, or forming partnerships betweenwater and electric
utilities.

Determining the Energy Efficiency Opportunity Potential at Minnesota Drinking Water Utilities
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Background and Approach

Delivery of clean drinking water to Minnesota residents is a local government service critical to public
health and economic development, and delivering this service is energyintensive. The energy intensity
of the process contributes to overall costs for the service borne by municipalities and paid by businesses
and households. Published resources cite widely different energy cost ranging from 25% to as high as
80% of all operating costs for water production and distribution (Lane, 2009; Energy Efficiency in Water
and Wastewater Facilities, 2013). Some of this difference may be due to geographiclocation within the
U.S., water source (aquifer or surface water), scale of production as well as the age and operability of
facility equipment. National energy intensity averages of 1,800 kWh/MG for groundwater (GW) and
1,400 kWh/MG for surface water (SW) sources have been reported, with wide variation around the
average for different regions and individual water utilities (Cantwell, Water and Wastewater Energy Best
Practice Guidebook, 2006). A higher energy intensity of 2,010 and 2,160 kWh/MG has been reportedin
Wisconsin for ground water and surface water, respectively (Cantwell, Water and Wastewater Energy
Best Practice Guidebook, 2016). No information on the amount of energy used by drinking water
treatment plants (WTPs)in Minnesota was found, however if the Wisconsin averages are representative
of Minnesota drinking water supply infrastructure, the state could be using as much as 240,000,000 kWh
for groundwater procurement and 139,000,000 kWh for surface water supply based on 2017 use rates.
This would be around 0.1% of the 67,153,580,000 kWh of retail electrical sales in Minnesota for 2017
(State Electricity Profiles, 2019).

Little work has been done in Minnesota to evaluate energy use at drinking water utilities, and nationally
the focus has been on very large utilities that comprise facilities serving populations greater than
100,000. Of the 658 water supply facilities in Minnesota, four fall into this category. Interms of
efficiency opportunities, discussionis very general, such as improve motor efficiency, or use automated
controls. A preliminary analysis of one Minnesota facility identified pumping efficiency variations of up
to 30% from wells drawing from the same depth and that greater utilization of more efficient wells
could save 8% of water utility energy. Given the large number of water supply facilities in Minnesota and
the significant energy intensity of the process, this project sought to develop an energy efficiency
approach to the water supply industry to maintain progress on state energy goals.

This project focused on:

e Confirming electrical energyuse and intensity for procurement, treatment and supply of safe,
clean drinking waterin Minnesota.

e |dentifying energy conservation opportunities.

e Quantifying the energy savings potential throughout the state.

e |dentifying which opportunities were already supported by electric utilities or fit the ability of
electric utilities tosupport.

The project started with a review of available literature to ascertain baseline information on water
supply energy efficiency including industry benchmarks and current practices. Next, process operations
were evaluated through a number of phone interviews and site visits for a representative cross-section
of sector facilities and sector partners, todiscuss energy use and energy efficiency opportunities with
water supply operations staffand others familiar with the industry. This work sought to identify
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opportunities for cost effective energy efficiency across the sector as well as to identify operational best
practices, scope variations across operations and develop possible checklists and tools for use to screen

for energy efficiency options in water supply systems. Using these pieces of information collected during
the interview process, in-depth site assessments were conducted to estimate the potential savings for
each of the identified energy efficiency opportunities. This was then scaled up to encompass the entire
state and provide a clear picture to water and energy utilities where the energy efficiency opportunities

exist for the drinking water supply sector.

Project outputs include:

Energyfootprint for well operation, treatment and distribution

A rough estimate of energy use across the Minnesota water supply system

Quantification of variationin pumping efficiency, and the causes of the variation

Identification of cost-effective energy conservation opportunities within the water supply
system

An estimate of the energyimpact of system leak & losses

Identification of practices that improve well energy efficiency

Expected energy savings from implemented energy efficiency opportunities

Identification of opportunities that electric utilities currently support, as well as can best support
through their Conservation Improvement Program (CIP) program

Determining the Energy Efficiency Opportunity Potential at Minnesota Drinking Water Utilities
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Drinking Water Utility Identification and Characterization

There are 658 cities in Minnesota with Department of Natural Resources (DNR) permits for withdrawing
water for municipal use as potable water; 634 cities used 120 billion gallons per year (GPY) of ground
water; while 24 cities used 66 billion GPY of surface waterin 2017 (Minnesota Water Use Data, 2018). Of
these cities, 627 have groundwater permits, 17 have surface water permits, and 11 have both.
Minneapolis and St. Paul account for nearly 70% of municipal surface water use and 25% of all municipal
use. There are 59 aquifers that municipal groundwater is drawn from in Minnesota. The following
characterization of the drinking water treatment sector was conducted to provide a baseline for selecting
interview and assessment sites.

Size Characterization

Table 4 shows the distribution of drinking water facilities in Minnesota by annual volume use categories
for water produced from ground water and surface water sources. The use categories were used as a tool
for analyzing the sector. 97% of the drinking water produced by groundwater facilities comes from the
245 facilities producing more than 50 million gallons per year (MGY), and more than 99% is produced by
surface water utilities larger than 10 MGY. This project evaluated plants in the 10-5000 MGY production
range with the smallest plant evaluated producing 16 MGY and the largest producing 4,300 MGY. This
group of plants accounts for 74.5% of drinking water produced by Minnesota municipalities. Larger plants
like the Minneapolis and St. Paul utilities (25% of water produced) were omitted because of the time it
would have takento review these large operations and because the largest utilities have a greater ability
to evaluate energy opportunities using their own engineering staff. Smaller utilities likely don’t spend
enough on energyto justify changes in operations —a 10 MGY plant might spend $5,000/yr on electricity.

Table 4: Distribution of Minnesota Drinking Water Supply Facilities by 2018 Production Volume (Minnesota

Water Use Data, 2018).
Usecategory #GW GW MGY % MG #SW SW MGY % MG
(MGY) Cities Cities
>5000 0 0 0% 2 46,765 25.1%
3000-5000 4 13,475 7.2% 2 8,514 4.6%
1000-3000 26 46,070 24.7% 4 7,609 4.1%
500-1000 35 25,208 13.5% 1 820 0.4%
100-500 110 24,506 13.1% 10 2,514 1.3%
50-100 70 5,007 2.7% 3 274 0.1%
10-50 219 5,005 2.7% 1 47 0.0%
5-10 83 604 0.3% 1 10 0.0%
<5 87 203 0.1% 0 0 0%
totals | 634 120,078 24 66,553

Well Depth

From data supplied by the Department of Natural Resources (DNR), 86% of municipal ground water is
drawn from wells that are drilled to total depths of 100 to 700 feet; 6% is drawn from wells that are less
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than 100 ft deep, and 8% is drawn from wells that 700 to 1200 ft deep. Two complicating factors related
to well depth are:

1. totalwell depth does not correspond tostatic water level, and
2. when a well pump is turned on the water level in the well decreases.

Both these water levels are generally known to the well operator, but they are not broadly available for
analysis and study of the potential energyimplications.

No study of energyintensity of Minnesota drinking water utilities was found during a thorough review of
the literature. The state’s B3 tool for energy benchmarking of state buildings included energy for only 10
utilities (Buildings, Benchmarks & Beyond, n.d.). The average energyintensity for this group was 1,870
kWh/MG, assuming all energy was electrical, with a range from 137 to 3,180 kWh/MG. These are
consistent with national numbers although the low end of the range seems unreasonably low.

Operational Style

There arethree main operations a WTP performs: acquisition, treatment, and distribution. Distribution
is the largest portion of energy usage, estimated by an American Water Works Association (AWWA)
research Foundation report to account for an average of 66% and 86% of total energy usage for
groundwater and surface water, respectively (Carlson & Walberger, 2007). Acquisition uses the second
most energy, using an average of 33% for groundwater and 9% for surface water. Treatment only
accounts for 1% of energy usage for groundwater and 5% for surface water. The relative energy use of
each of these operations, as reported by AWWA Research Foundation, is shown in Table5. A MnTAP
assessment on a groundwater treatment plant revealed that 52.5% of the site’s energyis used for
distribution, 45% is used for acquisition, and 2.5%is usedfor treatment.

Table 5: Percentage of energy usage within different treatment systems (Carlson & Walberger, 2007).

Water source Groundwater Surface Water MnTAP assessment
(1,800 kWh/MG) (1,400 kWh/MG) (2,200 kWh/MG)

Acquisition 33% 9% 45%
Treatment 1% 5% 2.4%
Distribution 66% 86% 52.5%

The AWWA report also included information on treatment objectives. The primary objective of water
treatment is disinfection. Other significant objectives include treating for turbidity, taste and odor, and
organic carbon, although they were only noted in one-third to one-half of the survey’s responses.
Methods of treatment vary in energy intensity. The range of treatment methods used in Minnesota and
their frequency is not available in literature and was a main focus of the interview process.
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Drinking Water Utility Interviews

To understandthe drinking water sectorin Minnesota, 15 water utilities were categorized and selected
to be representative of the sector. These 15 sites were selected to evenly distribute these sites
geographicallyand provide a cross section of the sector based on size, water source, and geographic
location.

Selection

Size and GeographicLocation

Using data from the Minnesota DNR’s Permitting and Reporting System (MPARS) and Water
Conservation Report System (developed by Energy Savings Platforms, LLC or ESP) data sets, cities were
sorted by systemsize and source type. Plants were defined by size using the following transition points:
small, 10 to 50 MGY; medium, 50 and 500 MGY; and large, 500 to 5000 MGY. Any WTP that pumped less
than 10 MGY was excluded before starting analysis. This removed 171 cities - 25% of water systems and
0.4% of municipal water pumped in Minnesotain 2017. We alsoignored the very largest systems
producing >5,000 MGY (0.3% of systems, 25% of the volume). We judged that understanding these
systems would consume more time than we had available; opportunities applicable to the middle group
of systems might alsoapply to the largest; andthese largest systems have engineering staffthat are
likely alreadylooking at energy conservation opportunities. Of the cities remaining, 541 (95%) use
groundwater and 22 (5%) use surface water. Our target of interviewing 15 water utilities required only
one surface water site in order to properly represent this distribution.

To ensure that the list of cities chosen was representative of the state, cities were alsosortedinto five
geographical regions: northwest, northeast, southwest, southeast,and metro, to account for geographic
variations in source water quality.

Well Metric (Well Depth)

Most cities have multiple wells that pump different amounts of water from different aquifers at
different depths. Capturing this level of complexity in a single metric for eachcity was used as an energy
use surrogate assuming water pumped from a deeper well will require more energy to overcome the
static head and vice versa for a shallow pump. This led to the creation of the well metric (WM) criteria
which is a volume-weighted average of well depth for a given system. The metric finds the average
depth that water is drawn from by first calculating the individual well production in million gallons per
foot depth (MG/ft depth). A sum of these values is then used to calculate a volume-weighted average of
the foot depth wateris pumped from for a given system. This metric was then divided into 5 categories
that each represent 20% of the total number of sites. Althoughthe WM was originally intended to
estimate the relative energy intensity of the WTP under the assumptionthat energy intensityincreases
for deeper wells, this is not accurate because the water level in the well is not necessarily dependent on
the drilled depth of the well. Total well depth was the best available data at the time of selection and
was used accordingly.

A large sized surface water plant was arbitrarily selected for interview, and fourteen cities utilizing
groundwater sources were selectedto create a list equally divided by size, WM category, and
geographiclocation. Cities with the same well metricin eithera single size category or in the same
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geographical area were avoided — for example, a WM of 4 from the large GW group was not selected
from the same region as a WM of 4 from the medium GW group. However, 4 cities declined to
participate and 7 more did not respond so new cities were added to replace them. Replacements were
found using a process similar to that usedto create the original list. Small cities were the most difficult
to find willing participants, as operators often had other duties that left them with minimal time for
participationin a study. To address this, the small city category was further refined to only include cities
with a population of more than 500.

Final Site Selection

The final list of cities included one surface water site, one that used a combination of surface and
groundwater, and thirteen groundwater sites. Of these sites, there were three small, five medium, and
seven large sites. Threessites are located in the metroarea, four arein the northwest, three arein the
southwest, twoarein the northeast, andthree are in the southeast. Table 6 shows the distribution of 14
groundwater plants based on size and geography. Table 7 shows the distribution of plants selected
basedon the distribution of the well metrics.

Table 6: The number of water utilities interviewed in 3 size categories and five geographical regions of
Minnesota with totals for each category.

Size Category Metro NE NW SE SW Total
GW Small (5-50 MGY) 1 0 1 0 1 3
GW Medium (50-500 MGY) 0 1 1 1 1 4
GW Large (>500 MGY) 2 1 1 2 1 7
Total 3 2 3 3 3 14

Table 7: Well metric category with calculated well metricin parenthesis. Datais arranged with respect to pre-
determined size class and geographical region.

Size Category  Metro NE NwW SE SW

GW Small 5 (435 ft) 4 (293 ft) 3 (200 ft)

GW Medium 1(95ft) 4 (427ft) 4(489ft) 1 (109 ft)
3 (398 ft) 5 (519 ft)

GW Large 2(288ft) 1 (143 ft) 4 (432 ft)

3 (356 ft) 5 (506 ft)

Other Interviews

Interviews withthree electric utilities were conducted near the end of the project and interviews with
two well drillers as well as representatives from the Department of Natural Resources andthe
Department of Health were conducted around the time of the water utility interviews. Five electric
utilities were contacted for interviews, but only three responded. This was similar for both the water
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utility interview recruitment process as well as the well driller recruitment process, manysites were
contacted but only a fraction responded favorably.

Interview Procedure

Interviews with WTPs were done over the phone or onsite. An interview script was drafted to ensure
that the information gathered was as consistent as possible. First, a general understanding of the site’s
operation was gained for acquisition, treatment, and distribution of water. Theninformation on the
plant’s maintenance and focus on energy efficiency was gathered, including past efforts and future plans
for energy efficiency upgrades. Interviews were typically closed with a conversation regarding
nonrevenue water losses and customer conservation efforts. The interview script is included in
AppendixB: Interviews.

For phone interviews, all data that could not be communicated over the phone or was not readily
available to the operator was requestedto be sent electronically after the interview. For in person
interviews, much of these data was collected while on site. A few of the in-person interviews included a
tour of the facility. Pictures were taken of relevant equipment and occasionally suggestions were made
to adjust operation for higher energy efficiency.

Results

Process Overview and Plant Configurations

The operation of the WTPs interviewed varied greatly, but three main parts were present in all systems
— acquisition, treatment, and distribution. Acquisition includes acquiring water from its source, with
either a well pump or a pump that draws from a surface water source. Treatment is any process used to
treat water, mainly to disinfect and remove impurities. Distributionis the delivery of waterto the
customer, including pumping from treatment, water towers, and booster pumps. Table 8 describes the
water system configurations identified during the interview process.

The simplest configurations included three sites (112 — 4,550 MGY) that had no formal treatment plant —
well pumps move water from the aquifer to the elevated tower or reservoir and chemicals such as
chlorine and anti-corrosion chemicals are added in-line. The remaining 12 systems had one or more
centralized treatment plant serving all or portions of the service area with distribution pumps
transferring water from the treatment plant to the distribution towers and reservoirs. Eight systems
(seven groundwater and one surface water; 17 — 2,530 MGY) have filter treatment toremove

suspended and dissolved solids and then add chemicals for corrosion control and disinfection. Three
systems (two groundwater and one mixed surface water and groundwater) have lime softening before
chemical addition. And the most sophisticated groundwater treatment system used reverse osmosis and
bio-filtration to remove dissolved solids and balance the delivered water hardness.
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Table 8: Water system configurations encountered.

Number & Size Acquisition Treatment Distribution Variations
ilpzl'a;;;, 4550 Wells Chemical addition at Well to tovs./er,
MGY well then gravity
7 plants: ) , , . . Various media and
17':: 43, 85, 205, Filtration é‘&'chemlcal High Service oressure filters; filter
614, 1028, 1180 Wells addition pumps to aeration; & distrib.
MGY towers booster pumps
1plant: 3 trains — rapid mixing, High Service
2530 MGY River flocculation, & pumps

chemical addition +booster
1 plant: River & Lime softening, ozone High Service
1605 MGY well disinfection pumps
2 plants: 48, 2580 Wells Lime softening & High Service Distrib. booster
MGY chemical addition pumps pumps
1 plant: Wells Reverse osmosis + High Service
667 MGY biofilters pumps

Acquisition, Treatment, Distribution Overview

Acquisition pumps (both well and surface water) typically operate on a schedule that ensure equal run
hours. However, higher quality water can result in a well being used more heavily thananother. This
means that a less efficient well may be used more heavily to avoid higher treatment costs or to ensure
the water produced meets all quality standards. Two of 15 sites monitor well energy efficiency and
optimize their well usage—both werein the large size category describedin the section Size
Characterization.

More advanced treatment is typically driven by need or desire toimprove water quality or taste.
Treatment methods varied from the simple chemical feed to more complex methods such as ozonation
or reverse osmosis. One of the most complex treatment systems was seeninthe surface water site, in
which they had three different treatment trains that were run at different times of the year— experience
had shown lower operating cost with some of the systems as a function of incoming water temperature.
The treatment systems with filters generally require wells to pump to a slightly greater height or have
their own pumps to provide the driving force through the filter. This is generally a smallenergydraw,
although this energy use becomes significant for reverse osmosis. Filters also require backwashing for
cleaning. One system with three geographically separate treatment plants added new facilities as the
city grew and demand increased, while others have added booster stations or water towers as the city
expanded.

Distribution systems varied little from site to site consisting of one of two configurations: 1) water was
pumped to a water tower and distributed via gravity to the system (most common), or 2) water was
pumped into the system, at delivery pressure with some excess water filling a water tower for times of

Determining the Energy Efficiency Opportunity Potential at Minnesota Drinking Water Utilities
Minnesota Technical Assistance Program 19



increased demand. For sites with no treatment plant, the well pump used for acquisition raised water to
storage reservoirs for distribution. The operation of distribution pumps, generally referredto as high
service pumps, was typically used on a set rotation schedule. It was uncommon for operators to monitor
the energy efficiency of distribution pumps. Booster stations were common in cities that had significant
changes in elevation.

Variable Frequency Drive Overview

Variable frequency drives (VFDs) were commonly found installed on acquisitionand distribution pumps.
Many systems use a VFD as a soft start toavoid shocking the geologic formation or increasing pump and
motor wear. A soft start initiates operationat a low speedand gradually ramps up to the desired
operating speed. This is in contrast toa hard start witha direct line connection to the motor, which
starts the pump at the full operating speed without any build up. This alsotypically requires alarge
initial power draw to get the pump moving, which increases the demand for the hard start motors.

VFDs were used at one systemtoavoid throttling a well pump that needed to run at alower speed to
produce the correct flow rate for the filtration system. Analternative solution would have been
installing a smaller pump. However, a smaller pump can leave a system vulnerable to not meeting
demand should other wells go down or in case of a fire emergency. This option is not desirable when the
retrofit cost is greaterthanadding a VFD.

There were very few instances of operators using a VFD to vary the speed of a pump in order tomatch
demand, but it was common for VFDs to be run at a set speed, and to run longer if more volume was
needed. One operator rantheir VFDs as slow as possible in order to reduce demand charges, while
others ran their VFDs at or close to full speedto maintain their desired capacity. VFD operation was
inconsistent across the sites interviewed, but VFD installation was common.

Electric Energy Benchmarks

We received electrical meter data for 13 of 15 sites and calculated an overall system energyintensity, as
well as estimated energyintensity for acquisition, treatment and distribution. Energy intensity estimates
are presentedin Table9 by systemsize, andin Table 10 by plant configuration. One plant did not
provide energydata and there were two where the estimate for treatment and distribution energy
intensity were combined because of the complexity of separating electricity usedfor the three primary
operations.

Acquisition energy includes the energy required to pump waterinto treatment operations. Treatment
energy represents energy for processes between acquisition and distribution, including both treatment
processes and pumps that move water between processes or pressurize filters. However, a WTP’s
energy for the treatment building is typically all meteredtogether, making it difficult to separate the
energy used by high service pumps for distribution. In Table 9, where energyintensities are based on
just part of the group, the number of systems contributing to the average is given in parentheses.
Distribution energy includes energy required to pump into the system fromtreatment as well as any
energy for booster pumps or reservoirs. The majority of sites did not have distinct distribution energy,
so energy was estimate based on pump parameters and runtimes for distribution pumps. For sites with
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no treatment plants, treatment energyis assumedtobe zero. In this case, the same pump is used to
acquire the water andto distribute it, and estimated fractions of acquisition and distribution energy
basedon the proportion of functional well depth to the height of the reservoir or tower above the
wellhead.

Table 9: The high, low, and average values of energy intensity for each size categorywith average values for
acquisition, treatment, and distribution. Values in parentheses are the number of each group contributing to the

average.
Size Number High Low Average Acquisition Treatment Distribution
inclass (kWh/MG) (kWh/MG) (kWh/MG) (kWwh/MG) (kWh/MG) (kWh/MG)
GW Small 3 2,950 1,250 2,250 1,050 400 1,050
(5-50 MGY)
GW Medium 4 2,150 950 1600 700 300(2) 600
(50-500MGY)
GW Large 8 3,100 1,600 2,300(7) 900 350(5) 1,000(7)
(>500 MGY)

Small and large plants in our sample were the most energy intensive, averaging 2,300 kWh/MG, with
medium plants being the most efficient at 1,600 kWh/MG (28% less). The patternfor acquisition,
treatment, and distribution steps followed a pattern of medium plants being most efficient followed by
large plants and then small plants.

Table 10: The average energy intensity for acquisition, treatment, and distribution for the different site
configurations seen in kilowatt hours per million gallons.

Configuration = Numberin class Acquisition Treatment Distribution Overall

Treat at well 3 700 0 600 1,300
Filtration 8 1,000 400 900 2,200
Lime softening 3 750 350 1,350 2,350
Reverse osmosis 1 1,100 830 1,150 3,100

Looking at energy use by plant configuration, the reverse osmosis plant was the most energy intensive
at 3,100 kwWh/MG followed by lime softening plants at 2,350 kWh/MG (22% less), filtration plants at
2,200 kWh/MG (9% less than lime softening plants), with treat at the well plants being the most energy
efficient at 1,300 kWh/MG (40% less than filtration plants). These trends are as expected based on the
amount of complexity, but surprisingly, when just treatment energy s considered, the energy intensity
of thefiltration and lime softening plants is reversed. As such the overall energyintensity of these two
types of plants is likely driven by factors other than configuration, such as size.

For sites that provided monthly data for both energy and water flow, energy intensity was also
calculatedfor winter and summer, presentedin Table 11. Summer was consideredto be Maythrough
September, while winter included the remaining months. Once summer and winter intensities were
found, adifference was calculatedand used tocalculate a seasonal metric that compares the seasonal
difference to the yearly intensity. This metric was used to determine the effect climate has on energy
intensity. For all sites that provided seasonal data, specific energy was higher in the winter than in the
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summer. However, more energyis typically used in the summer due to higher volumes of water being
produced. The extent of the increase in energyintensity varied greatly between plants, from as low as a
1% increase to as much as an 86% increase.

Table 11: Specificenergy estimates for each of the size classes and for winterand summer months.

Size Overall Specific Summer Specific Winter Specific Summerto
Energy Energy Energy Winter Change
(kWh/MG) (kWh/MG) (kWh/MG) (%)
Small 2,500 1,400 2,600 86
Medium 1,600 1,200 1,700 42
Large 2,200 1,600 2,100 31
Overall 2,100 1,450 2,100 45

Four sites reported changing operation during the winter. Pumps were sometimes runlonger at lower
speeds in order to reduce the amount of time water was stagnant in pipes or reservoirs to avoid
freezing.

Water Conservation

Water Conservation can reduce the volume of water that needs to be produced, and that can reduce
the time pumps and equipment operate, thereby reducing energy use. Water conservation can occur
within the drinking water operations (acquisition, treatment and distribution) and reduces water that
never reaches or is paid for by the customer (non-revenue water). This is often referred to as
conservationor loss reduction before the meter. Water conservation can also occur at the customer, or
after the meter.

Nine of the 13 systems providing information had “non-revenue water” loss rates below 10%, as shown
in Table 12. Non-revenue water includes any water acquired that does not reach a customer and is not
billed, including water lost during treatment and during distribution. Typically, loss rates were less than
10%, which is the standard set by the DNR. Four systems had loss rates above the 10% threshold
suggesting opportunities for conservation exist. Inthe most extreme case seen, one site had an
estimated loss rate of 43%, although many causes of water losses were unknown due to a lack of
monitoring. The majority of sites named hydrant flushing and main breaks as the primary causes of
nonrevenue water losses. Afew sites used proactive approaches to reducing water losses, which
included annual leak detection surveys as well as wrapping newly installed or repaired pipes with
polyethylene to reduce corrosion.
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Table 12: Water loss rates and per capita use rates by systemsize.

Size WaterLoss Gallons per
Rate Capita

Large 18.5% 39
Large 15.6% 44
Large 10.0% 60
Large 8.3% 45
Large 7.9% 61
Large 7.5% 75
Large 5.4% 50
Large 3.8% 47
Medium 42.8% 33
Medium 7.2% 50
Medium 2.0% 121
Small 8.3% 46
Small 4.8% 73

The piping for most systems was either cast iron or ductile iron. Cast iron piping was typically older
piping and was no longer being installed for new developments or repairs. Ductile iron was common for
repairs and new development, as were different types of plastic piping, suchas PVC or C900 pipes. Cast
iron piping appeared tobe more susceptible to leaks and failures, although it is unclear whether this is
due to the material or the age of the pipe.

There was a wide range of approaches to customer conservation. Eight cities had information on
conservation on their websites, typically providing information on locating leaks in the home or
identifying surface leaks on roads. Another common method of promoting customer conservation was
to send out information in bills. Some cities contact customers if their water usage is significantly higher
than previous billing periods as a way to catch customer leaks. Three sites offer a rebate program for
select appliances or have a program planned. Tiered rate structures are alsousedto encourage larger
customers to conserve water. A barrier for customer conservationis the loss of revenue, although WTPs
typically encourage customer conservation regardless of revenue loss due to energy conservation and
acquisition limits.

Only two sites actively monitored their energy usage, and some system operators did not see their
energy bills directly. Typically, sites review their electric bills to ensure they are not significantly higher
than expected, but do not monitor the usage of individual pumps or other equipment. The sites that
monitored the energy usage of individual pumps typically did so to determine their efficiency and in turn
optimize their operation.

Energy Conservation and Barriers to Implementation

The most common method of improving energy efficiency was rehabilitating wells. Well rehabilitation
includes repairing or replacing the well pump and its parts, as well as removing sand from the well itself
or repairing its casing. Removing sand keeps sand from being pumped up with water, which cancause
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significant wear on the pump and its internal parts, resulting in lower energy efficiency or replacement.
A well’s casing canalso become damaged. Other methods to improve energy efficiency were optimizing
VFDs, improved lighting and HVAC, and using coatings on internal parts of pumps. Coatings canreduce
wear on moving parts and smooth them for increased energy efficiency, as well as protecting against
corrosion.

The major barrier identified during the interview process, for water utilities to implement energy
efficiency projects, was cost. This affirms the overall pretense of this study and increases the need for
electric utility incentives or outside funding. Two secondary barriers were data availability and time to
review and complete upgrades. These secondary barriers were primarily seenin smallto medium sized
plants that did not have dedicated water treatment plant staff (one staff member was responsible for
many city-wide functions).
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Drinking Water Utility Assessments

Selection

Sites were recruited based on the data they could provide and the opportunities they were able to fulfil.
This approach was specifically conducted with utilities that participatedin the informational interviews
since data had already been acquired for these sites. The assessment sites (AS) are listedin Table 13,
including other parameters for comparison. No assessments were conducted with an on-site portion
due to the COVID-19 pandemic, therefore data quality and quantity was crucial.

Table 13: Assessment site list with utility parameters for each.

Plant Acquisition Treatment Method Flow (MGD) kWh/MG kWh/yr
Li ftening/Multi-medi

| ety | LRSS el 7.1 2,400 6,100,000

filter

Minimal (chlorine, fluorine,

WT10  Wells/aquifer inimal (chlorine, fluorine 12.5 1,600 | 6,900,000

polyphosphate)
WTS8 Wells/aquifer Aeration/Multi-media filter 0.23 2,300 177,000

Iron & Manganese

WT14 Wells/aquifer 3.4 2,500 1,400,000

precipitation; filtration
Minimal (chlorine, fluorine,

WT2 Wells/aquifer 0.31 970 99,000
polyphosphate)

The literature review identified 12 possible best practices (see Table 27) which were then vetted for
their application to WTPs in Minnesota through the interview process. These 12 best practices were
compressedinto eight potential opportunities described in Table 14 which were then prioritized based
on potentialimpact for energy conservationin Minnesota WTPs. Column two lists the number of
assessments of each opportunity that were targeted, and column three lists the water utility targeted
for analysis of the specific opportunity, either because the utility had implemented the opportunity, or
they appearedto have enough data to allow for the simulation of opportunity implementation. Two
identified opportunities were not chosen for analysis: optimizing treatment, because the treatment
portion of energy consumption is small compared to acquisition and distribution pumping; and misc.
energy efficiency (E2) because both of these were small consumers of energyand these were
opportunities electric utilities were already familiar with. Six opportunities were analyzedin detail to
quantify their electrical saving potential and feasibility. Pump selection and optimization was evaluated
as part of three water utility assessments. Pump rehab and customer conservation programs were
evaluated as part of two assessments. Wellrehab and reducing system losses were evaluated as part of
a single assessment each. Head reduction was also evaluatedin a single assessment, but this was folded
into a discussionon VFDs and pump optimization.
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Table 14: Assessment opportunity selection process.

. . . Assessments Assessments
Energy Conservation Opportunity Categories

Planned Completed

Pump rehab (procurement, distribution, other) — replace, rebuild 2-3 WT4, WT10
Pump selection/optimization— select efficient pumps/wells; trim 2-3 WT4, WT10
impeller; VFD speed; right size; WT14
Well rehab — clean screen; clear debris; enhance recharge Upto2 WT4
Headreduction — coatings; reservoir levels; well levels; pipe Upto2 WT2
diameter; pipe smoothness
Reduce water production by reducing losses — methods to Upto2 WTS8
identify and quickly repair leaks, prevent leaks through selection
of pipe materials or repair processes
Reduce water production by reducing customer demand - Upto2 WT4, WT10
efficient fixtures; irrigation
Optimize treatment —select eff train; ozonation efficiency; 0 N/A
blending rates; membrane P/yield
Misc. E2 - lights; HVAC; ventilation rates; air compressor use & 0 N/A
operation

Assessment Procedure

Eachsite assessment focused on different opportunities, shown in Table 14, above. The general
procedure for each assessment included gathering the necessary data from eachsite, analyzing those
data with respect to the specific opportunity identified, and presenting the site with a concise report
outlining the findings. Gathering the data was completed via emailand phone calls due to the
restrictions of the COVID-19 pandemic. No site visits were completed after 3/16/2020 due to stay-at-
home orders and University of Minnesota travelrestrictions. Each site assessed had strict visitor policies,
further reducing the ability to conduct on-site assessments. The data collected from each site typically
included electric utility bills, water volume pumping summaries, and pump specifications (power,
voltage, pump curves, runtime). With these data, each specific opportunity was analyzed with input
from operators at each site.

The savings for pump and well rehabilitation were determined using specific energies for each well or
pump, calculated from electric meter data and pump flow rate data. The average specific energy before
pump or well maintenance was compared to the average specific energy after pump or well
maintenance. The difference in the specific energy was then used to calculate an energy savings value.
At WT10, averages were done on a monthly basis, and at WT4, they were done on a yearly basis. This
was driven by available data from each site. Both of these sites had previously implemented pump and
well rehabilitation schedules, sothe analysis was savings verification.

Analysis for the pump efficiency optimization opportunity was completed using specific energy data,
similar to the pump and well rehabilitation calculations. For pump efficiency optimization, well pumps
were ordered based on specific energy and the wells with the lowest specific energy were prioritized.
From these monthly reprioritizations, a new energy use was calculated and compared to the actual
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energy use to yield a monthly energy savings. The process for WT14 was slightly different, as a focus on
utilizing shallower wells was analyzed due to the configuration of the treatment system.

Verification of savings at WT2 was analyzed using pump run times and power rating and validated
previous predictions made in the interview with WT2. Analysis for VFD optimization was difficult due to
the lack of reliable pump curves and the inability to conduct testing on-site. Estimates were presented
based on anecdotal evidence from the interviews and previous work completed by the authors.

For the customer conservation and water loss reduction opportunities, state-wide data was used for
analysis because the best information from targeted assessment sites turned out to be identical to the
DNR dataset provided. The dataset provided by the DNR from their Water Conservation Reporting
System was used for these opportunities as it provided a much larger sample size and allowed for
broader conclusions.

Many of the analyses performed for these opportunities were to verify the savings of previously
implemented energy saving initiatives and emphasizes the utility of the identified opportunities. Each of
the five opportunities were identified by real-world examples of successfulimplementationand are not
solely theoreticalin nature. For more detail on the specific assessments completed, see Appendix C:
Assessment Summaries and for more information on the compiled results for each opportunity referto
the next section, Drinking Water Utility Electric Conservation Opportunities.
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Drinking Water Utility Electric Conservation Opportunities

Pump/Well Rehabilitation

Well rehabilitation includes maintenance performed on the acquisition wells including screen cleaning,
drop pipe replacement or coating, air sparging, and other types of formation reclamation. Pump
rehabilitation includes all maintenance performed on various pumps usedin the water treatment
process and typically includes replacement of key components of the pump such as wearrings,
impellers, or bearings, or replacing the entire pump and motor. Pump rehabilitation typically applies to
well pumps, both submersible and vertical turbine, as well as booster and distribution pumps and is a
part of the well rehabilitation process.

Two types of management plans for pump maintenance were to replace well pumps every 40,000 hours
or inspect pumps every 7 years. These types of plans reduce risk of pump failure while many times (but
not always) reducing overall energy use. This is the most common type of management plan with the
main object being system reliability — energy performance is almost never part of the equation.

Another management plan is to monitor pump health with specific energy, or the energy needed to
pump a specific volume of water (kWh/MG). When this value starts toincrease, the pump and motor
should be inspected, as the energy required to pump the same amount of wateris increasing, andthere
is likely wear on the pump components.

Pump rehabilitation applies to all water utilities as pumps are used at each water utility, and roughly
95% of water utilities acquire water via wells implying that well rehabilitationis needed at every drinking
water treatment plant. Pump rehabilitation applies to both acquisition pumps (well pumps and intake
pumps) as well as distribution pumps alike, but well pumps and intake pumps likely have a greater
potential for savings as the water pumped is lower quality, possibly containing sand or other particles
which can accelerate pump wear.

Basedon the data collected from the 15 interview sites, 47% of sites currently have a maintenance plan
for pump rehabilitation, but typically these include inspecting pumps every 7-10 years to decide if the
pump needs maintenance. Results based on a smaller subset of sites (2), some level of replacement is
necessaryat the 7-10 year threshold with total pump replacement occurring every twoto three cycles,
although submersible pumps tend to be replaced every cycle. Extrapolating these data to the rest of the
state, roughly 53% of the 658 drinking water treatment facilities inthe state are not rehabilitating
pumps on a prescribed schedule, and none of the sites interviewed were rehabilitating pumps based on
energy use, pointing to a major opportunity gap in the state.

Savings from a previously instated well pump replacement schedule of every 40,000 hours was 8% of
acquisition energy used at the site assessed. This analysis was completed at WT10 and included 18 of
the 30 wells (pump replacement did not occur in the other 12 wells in the period where data was
available). This only included well pumps and did not include maintenance to the well itself as pump
replacement was the only maintenance performed in the time that data were available. Savings realized
by rehabilitating wells at WT4 was 8% of acquisition energy and included 6 of the 15 wells (for similar
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reasons to WT10). The average specific energy savings from WT10 was 114 kWh/MG and was 69
kWh/MG for WT4. These values lead to an overall sector potential of 9,300,000 kWh/yr.

Although these numbers show modest savings, they were only calculated for a set rehabilitation
schedule. The data necessary for specific energy based well or pump rehabilitation analysis was not
available at any of the sites interviewed and was not estimated. A rough estimation would be an
additional 1-2% increase in energy reduction on top of the 7-8% seenin set scheduling. This implies that
a site without a maintenance plan could save 8-10% if implementing a specific energy based
maintenance plan.

Pump Efficiency Optimization

Pump efficiency optimization involves finding the combination of pumps that provides the greatest
efficiency possible for the system’s configuration. Basically, this is identifying the most efficient pumps
and concentrating their use. The specific energy (kWh/MG) is used as a surrogate for pump efficiency
and depends on:

e pump design;

e operating pressure or water lift height the pump works against;
e operating point on pump curve; and

e pump operating condition or degree of wear.

The simplest way to take advantage of variations in pump efficiency is to measure it for all pumps and
then choose to use the most efficient pumps that accomplish the water production needed. The most
direct wayto determine pump efficiency is to measure the power draw and flow in real time and
calculate the pump’s specific energy (kWh/MG), ideally within the SCADA system. Amps/MG or other
energy efficiency measures can be substituted depending on data availability. Four examples of energy
savings were developed in this study by analyzing data from four separate water utilities. Two different
modes of analysis were completed: determining actual savings from historic data and projected savings.
In these cases best toworst well pump efficiencies varied from 38 to 54% within the four utilities, and
savings from selecting more efficient pumps for operation ranged from 2.9%to 7.8% of total system
energy. System energy reduction ranged from 46-180 kWh/MG and averaged 120 kWh/MG.

For very large systems of pumps there are automation packages that allow the identification of the
optimal set of pumps to run for any operating condition that occurs, as illustratedin Figure 1, with
programming that automatically changes operation to that optimal set (Peterson & Pierce, 2019).

Optimizing acquisition pumps is often complicated by differing quality of water sources, in which more
efficient pumps may collect from water sources that require more intensive treatment or is best
balanced with water from less efficient wells. Itis further complicated by pump first cost considerations
in the case of wells.
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Figure 1 SpecificEnergy Optimizationfor Large Pump Systems
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Saving energy canalso be achieved by addressing the two major causes of reduced efficiency. First,
within the realm of pump designthe two broad categories of well pumps usedin municipal service are
vertical turbine pumps (VTPs)and submersible pumps. Vertical turbine pumps typically have about a
10% efficiency advantage over submersible pumps. Submersible well pumps have a lower first cost
because they do not require a well house but are more difficult to repairso they tend to be replaced
rather than repaired. Distribution pumps tend to be vertical turbine pumps.

Second, within pump classes there are significant differences in energy efficiency among pump models
and manufacturers. Selecting pumps and motors with higher energy efficiency at the time of pump
purchaseis another way to improve system efficiency. This study did not gointo how to identify the
highest efficiency pump in detail but Figure 2 shows the specific energy or operating efficiency for 41
pumps encountered, as a function of the pumping level. The solid line in Figure 2 is the best fit for this
data set while the dashed line is an estimate of what might be the best practical pumping efficiency —
the level that could reasonably be reached. For pumping levels below 60 ft thereis not enough datato
make an estimate, but above 60 ft, savings look like they should be 670 kWh/MG in going from an
average pump to a “best” pump. The dashed line in Figure 2 can be usedto determine a benchmark for
a “best” pump at any pumping level for use as a discussion point and perhaps a “specification” for pump
purchase negotiations.
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Figure 2: Specificenergyas afunction of pumping level for each well from the 15interviewsites. The solid line
representsthe average specificenergy, and the dashed line is the best reasonable specificenergy.
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Optimal pump selectionis not widely practiced. Of the 15 utilities interviewed in this study, three were
using this technique for their well pumps and one of those had been encouragedto look into the savings
potential in the year before this study started by the authors. Two of 15 water utilities have tried this
technique on their distribution pumps which leads to an estimate that this opportunity is available to
87% of the sector.

The sector savings potential is 14,300,000 kWh/yr for well optimization and 2,150,000 kWh/yr for
distribution pumps, with 76% of the savings coming from large plants for well optimization, and 78%
coming from large plants for distribution pump optimization. These estimates are based on optimal
pump selection, but do not include possible savings from addressing root causes of low pump efficiency.

There are difficulties and barriers to implementing this opportunity. While making selection decisions is
low cost, creating the basis for monitoring pump efficiencies has costs. Flow meters are common on well
pumps, but kWh meters on pumps are uncommon. There are some water utilities that have ammeters
on their pumps and many VFD’s have ammeter read-out although it is rare if these are connected to the
SCADA system and are therefore not monitored. Individual distribution pumps generally do not have
flow meters on their operation. The end result is that measurement infrastructure is generally needed
before pump efficiency can be measured on more than a spot-check basis. Most CIP programs do not
provide incentives or support for measurement activities, sothis is a hurdle for greaterimplementation.
In addition, there can be limitations on well pump selection based on water quality balancing
considerations.
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VFD Installation and Optimization

VFD’s provide several benefits, some of which improve energy performance, and some do other
desirable things:

e Energyperformance benefits
o Eliminating restricted flow (throttled valve)
o Allowing pump to operate at its best operating point
o Reducing friction losses
e Other non-energy benefits
o Vary pump speed to match demand
o Reduce wearon internal components
o Reduce stress onaquifer and geologic formation
o Provide soft start for motor

The water utilities we spoke to and assessed had installed VFDs on most, and in some cases all, of their
large pumps (76 of 105 well pumps, and 19 of 37 high service pumps). Three WTPs were using VFD’s to
achieve direct energy reductions. One small WTP (WT2) had eliminated an “altitude valve” in a water
tower, which restricted flow and introduced significant additional head, resulting in a 30% reduction in
their electric consumption. A second WTP (WT11) monitors pump efficiency through their SCADA system
and uses their VFD’s to identify their best operating point. The magnitude of energy savings from this
second effort was not quantified due to data acquisition barriers. A couple other WTPs claimed their
implementation of VFD’s reduced their energy bills, but it was concluded that these saving were more
likely to have been demand charge reductions than energy savings. Most WTPs seemed to get much
greater benefit from the non-energy benefits of VFDs. WTPs almost universally used VFDs at a single
speed, usually 90-95% of the design pump speed. In most cases there was not a clear rationale for the
speed chosen. Where there was a rationale, it ranged from achieving anarbitrary flow rate, to minimizing
the effect on aquifer level. Using the VFD as a soft-start was mentioned by more than one as a benefit.

The largest energy conservation opportunity that a VFD can accomplish is eliminating pumps throttling.
In the population studied, 1 of 15 WTPs, had identified a throttled pump and they had eliminated it a few
years prior to this study, achieving a 30% energy reduction. While this is the largest potential opportunity
implementing VFDs canachieve, it is not clear how many WTPs still have throttled flow as an opportunity.
This opportunity should be looked for in all energy assessments, but we claim no potential savings for this
sector.

The opportunity for capturing energy reduction from reducing friction loss in pumping systems with VFDs,
is highly dependent on system design, but the system curves for water utilities tend to have a very large
proportional static head component, so in general the potential savings from reducing friction is likely
small. Iffriction losses are 10% of total head, and 10% of the losses can be captured, savings would be 1%
of the pump energy. Very few WTPs (none that were encountered in this study) are looking at friction
loss, so this opportunity has probably not been exhausted, but for savings to be significant the length of
horizontal piping should be very large comparedto the height water is raised. Horizontal piping should be
perhaps 100 times the lift height.
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VFDs can alsobe used to adjust the pump to its best operating point (BOP) — the speed where it runs
most efficiently — and adjust the BOP as it moves due to wear. While three quarters of our sample of
wells were fitted with VFDs, and half the high service pumps have VFDs, only 1 out of 15 WTPs indicated
they were using the VFDs to operate at the most efficient speed. Inaddition, the reasons for operating
at the chosen speed at the remaining WTPs had nothing to do with energy use, and generally little to do
with important operating constraints, sothere appears to be lots of room to move toward BOPs. Based
on pump curves, the likely energy reduction will likely be in the 1-3% of energy consumed by that pump,
although in extreme cases the reduction can be larger. Everything depends on where the pump operates
compared to its best operating point. The largest improvements will likely be for pumps running at slow
speeds (30-50% of full speed)assuming the pump was sized correctly in the first place.

Best operating points can be found on published pump curves after the current operating point has
been found, with the help of a head pressure measurement at the pump outlet, and a system curve has
been plotted. However, small, medium and many large systems will find it simpler to determine the BOP
by trial. This involves measuring the pump power and flow at a range of speeds and calculating the
specific energy for each speed (kWh/MG), and then choosing to operate at the best efficiency point —
the lowest kWh/MG —unless there are system constraints such as high water demand that require a
different setting. This technique would alsoinclude any friction loss potential that can be captured,
which is not the case with the pump curve method unless additional calculations are included in the
analysis. Power can be measured with the amp draw, as a substitute for kWh, as long as supplied
voltage does not vary significantly at the WTP.

If 40% of the cities can improve pump operating efficiency by 1% through identifying the speedthat give
the best operation point, and if 20% of the remaining cities can improve pump energy by 2%, the energy
saving potential for this technique is 1,900,000 kWh/yr.

Customer Conservation

Water conservation by water customers reduces the volume of water the utility needs to pump, treat,
and distribute, which reduces the energy needed for those functions proportional to the amount of
water saved, and defined by the specific energy metric of the utility (kWh/MG). Customer conservation
includes:

e Leakreduction / repair atthe customer.

e Upgradedappliances suchas low flow toilets and showerheads, washer for laundry, dishwasher,
and other household appliances that use less water than what was previously installed.

e Improved irrigation practices including rain or moisture sensors, and smartirrigation controls.

This customer conservation energy impacts will be larger in systems that have higher water use per
capita and in water utilities that have a high specific energy.

Customer water conservation programs exist within some water utilities and also within some energy
utilities. The two types of programs are rarely coordinated, and the populations servedare rarely
identical except for municipal utilities that have water and energy components. Energy utility water
conservation programs are almost exclusively focused on hot waterand are based on the heat energy
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that can be saved— imbedded energy for producing and distributing this water is not included.
Generally, energy utilities rebate efficient hot water heaters, dishwashers and laundry washers. Some
energy utilities offer free efficient shower heads and faucet aerators. The Demand Reduction Law
(Minnesota Statues, section 103G.291 subd. 3 and 4) requires water utilities serving more than 1,000
people to adopt water demand reduction measures. Demand reduction measures are measures that
reduce water demand, water losses, peak water demands, and nonessential water uses. The Minnesota
DNR regulates state water resourcesand provides anannual reporting systemto help cities track
conservationimpacts. All analysis of water utility conservation programs was based on DNR ESPWater
survey data acquired from the DNR. Formal water utility conservation programs include promotional
flyers in bills and rebates or incentives for automatic faucets, dishwashers, food steamers, sprayrinse
valves, toilets, irrigation controllers, clothes washers, showerheads, efficient irrigation nozzles, water
softeners, and sink aerators, as well as facility audits, laundromat retrofits, large landscape projects, and
rainwater harvesting. We were also told of informal programs where if alarge upward trend in a
customer’s metered volume is identified, staff will call the customer, notify them of the excursion and
suggest theylook into possible leak repair.

Utility Size Observations

For the three years 2017-2019, the DNR ESPWater survey reported 85 cities made formal efforts
promoting water conservationamong their customers. This is 13% of the municipalities in the survey
shown in Table 15, along with the size classes based onthe annual water production, the number in
each size class, the number with conservation efforts during this period, and the volume of conservation
achieved. No conservation was reported for the largest size class (Minneapolis & St Paul) and none was
reported for the smallest category. These are the size classes not included in this study.

Table 15: Water Conservation by size of the water utility.

Size Class PumpingClass Numberof Cities with Water  3-yr Total % of Total

(MGY) Cities in Conservation Gallons Gallons

Size Class projects Saved Saved
Not included @ >10,000 2 0 0 0%
Large 3,000-5,000 2 1 18,628,551 10.8%
Large 1,000-3,000 28 13 93,410,746 54.3%
Medium 500-1,000 37 16 16,670,610 9.7%
Medium 100-500 114 33 11,561,245 6.7%
Small 50-100 70 10 2,355,431 1.4%
Small 10-50 224 12 29,409,041 17.1%
Not included | <10 168 0 0 0%

totals 645 85 | 172,035,624

Itis notable that within each size class, three cities together account for well over half the conservation
for that class, and 9 cities contributing large shares to their class, account for 71% of all reported
conservation. These cities appearedto have very strong water conservation programs. Water reduction
atthese 9 cities ranged from 0.5% to 7% per year with one city having a very strong program
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emphasizing irrigationimprovements had an average 7% per year reduction over the three years of
data. These facts —the number of cities with no conservation program and the small number of strong
programs - suggest a lot of the state’swater conservation potential remains. Table 16 provides an
estimate of the electrical savings that resulted from these very strong conservation programs for these 9
cities as representatives of their utility size as classified by this study. Again, the estimated percent
reduction ranges from 0.5 to 7%, and kWh reductions ranged from 650 kWh/yr for small utilities to
21,500 kWh/yr for large utilities.

Table 16: Electric savings from strong water conservation programs.

SizeClass  # of Cities Specific Average Average Average
with Energy Water Water % Total
Strong (kWh/MG) Conservation Conservation Pumping
Programs (MGY) E2 (kWh/yr)
Large 3 2,150 10.0 21,566 3.2%
Medium 3 1,620 0.6 1,008 0.8%
Small 3 2,270 0.27 649 1.3%

Water Conservation Initiatives

Table 17 presents conservation efforts conducted by water utilities with their customers in Minnesota
over a three-year period. The DNR identified 25 types of conservation efforts divided between three
types of water customers: SF = single family residential; MF = multi-family residential; Cll =commercial,
industrial & institutional. The five most impactful efforts (irrigation, showerheads, toilets, washers and
other) along with the ten related efforts account for 84% of water reductions. Irrigation efforts feature
prominently, accounting for 42% of total water reduction, and providing the largestimpact per rebate,
ranging from 12,000 to 428,000 gallons per individual project. Ultimately the electrical benefit per
rebateis very small. The rebates referredtoin Table 17 are rebates that the water utility provides to its
customers. These rebates are not offered by the DNR; theyare only reportedto the DNR.

Looking at the conservation efforts by customer type, the greatest effort and impact has been with
single family unit which account for 74% of the impact, followed by multifamily units at 23%, and
commercialindustrial accounting for less than 4% of savings.

If 50% of the medium and large cities are able to develop strong water conservation programs that
achieve a 0.5% reduction every year and sustainthat level for five years, the drinking water utility sector
can achieve a water reduction of 1,366 MG over that 5 year period. Based on a typical specific energy
metric of 2,000 kWh/MG, this translates to 2,700,000 kWh reduction over that period. While there s
room for significant water reduction at drinking water utilities by promoting water conservation at end-
of-pipe customers, the ability for electric utilities to provide meaningful incentives through the water
utilities seems small. The strongest water utility conservation programs produced less than 40,000
kWh/yr in savings, and the individual types of conservation efforts have produced less than this.
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Table 17: Water Conservationefforts conductedbetween 2017-2019. SF = single family residential; MF = multi-
family residential; Cll= commercial, industrial & institutional.

Type of Water Conservation Number of Total % of | Savings | Savings
Rebates Gallons Total per per
Awarded Saved Saved | Rebate | Rebate
(sal) (kwh)
Irrigation Controllers SF 3,485 44,142,100 | 25.7% | 12,666 25.3
Irrigation Controllers MF 7 3,000,280 1.7% | 428,611 | 857.2
Efficient Irrigation Nozzles SF 49 137,150 0.1% | 2,799 5.6
Shower and Aerator Kits SF 6,454 32,386,172 | 18.8% | 5,018 10.0
Showerhead and Aerator Kits MF 118 592,124 0.3% | 5,018 10.0
Large Landscape Projects MF 66 24,911,000 | 14.5% | 377,439 | 754.9
Toilet Retrofits SF 3,075 24,727,493 | 14.4% | 8,041 16.1
Clothes Washer Rebates SF 4,574 14,915,404 | 8.7% | 3,261 6.5
Clothes Washer Rebates MF 157 1,719,150 1.0% | 10,950 21.9
Coin Operated Clothes Washer Rebates MF | 5 43,800 0.0% | 8,760 17.5
Toilet Retrofits MF 1,125 10,778,625 | 6.3% | 9,581 19.2
Toilet Retrofits ClI 43 256,230 0.1% | 9,490 19.0
LF Showerheads SF 3,478 7,171,636 4.2% | 2,062 4.1
LF Showerheads MF 990 1,879,020 1.1% | 1,898 3.8
Other 24 2,094,556 1.2% | 87,273 174.5
Dishwashers ClI 20 1,155,140 0.7% | 57,757 115.5
Rain Barrels SF 737 843,311 0.5% | 1,144 2.3
Spray Rinse Valves ClI 67 469,000 0.3% | 7,000 14.0
Rainwater Harvesting MF 3 225,240 0.1% | 75,080 150.2
Rainwater Harvesting Rebates SF 27 212,868 0.1% | 7,884 15.8
Food Steamers ClI 2 163,000 0.1% | 81,500 163.0
Facility Audits ClI 813 90,800 0.1% | 112 0.2
Laundromats ClI 3 90,000 0.1% | 30,000 60.0
HE Water Softeners SF 11 31,200 0.0% | 2,836 5.7
Automatic Faucets ClI 13 325 0.0% | 25 0.1
Grand Total 25,330 172,035,624

Water Loss Reduction

Water loss reduction provides energy savings through water conservation accomplished by the water
utility staff by improving their systeminfrastructure. These efforts are also referred to as occurring

‘Before the Meter’ (in contrast to ‘After the Meter’ water conservation efforts by utility customers), or
as the reduction of non-revenue water. The Minnesota DNR began their own efforts to promote before
the meter conservation by requiring reporting on efforts by water utilities withdrawing state water
resources in 2017 (Nelson & Steidel, 2019). These efforts are focused on water that is produced but the
utility is not able to bill for. This includes both true water conservation efforts and efforts to account for
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and accurately charge unbilled water consumption to the appropriate customer. The focus of this
analysis is on efforts that reduce the volume of water produced. We use the 2019 DNR report and its
underlying 2018 data, along with information collected from this project’s interviews and assessments,
to quantify this opportunity.

The DNR water conservation effort has seven objectives:

e Reduce unaccounted water loss to less than 10%.

e Achieve less than 75 residential gallons per capita per day (GPCD).

e Achieve atleast 1.5% annual reduction in non-residential per capita water use.
e Achieve a decreasing trendin total per capita per day.

e Reduce ratio of maximum day to average daydemand to less than 2.6.

¢ Implement demand reduction measures.

e Strategiestoreduce water use and support wellhead protection planning.

Before the meter conservation measures fall under the first objective. There are 757 city water utilities,
but the DNR water conservation survey focused on the 348 “large” cities that serve more than 1,000
people, and of this group they concluded they had reasonable data from 230. The DNR found the
average loss ratein 2018 was 8.8%. If the 8.8% loss rate for large cites is representative of the sector,
15,000 MGY are lost, and of this 6,100 MGY (approximately 12,000,000 kWh) might be recoverable if all
loss rates could be reduced to the 10% objective.

Among the interviewed systems for this project, the average water loss rate reported in this study was
11%, compared to the state of Minnesota average of 8.8%. Of the fifteen sites interviewed, ten had loss
rates below 10%, with three less than 5%. Only three reported having loss rates above 10%, ranging
from 15.6% to an extraordinarily high loss rate of 65% of all water produced.

Figure 3 shows the distribution of the loss rate — 55% have losses less than the state objective of 10%
and 27% have loss rates less than 5%. On the other hand, 45% have loss rates higher thanthe state
objective, 22% have loss rates above 15% & 7% of large cities have losses greater than 30%. Cities with
loss rates above the state objective are candidates for loss reduction, and the fact that 27% have losses
below 5%, there may be even more room for loss reduction.

Waterlosses canbe found throughout the water treatment system, but the majority is lost during
treatment and distribution processes. The losses during water treatment are significantly less than
losses during distribution but tend to be unavoidable due to health and safety requirements. Systems
with filtration systems typically run a backwashthrough the filter for cleaning and cannot significantly
reduce the amount of water needed for this. These systems could consider reclaiming filter backwashto
treat and distribute, but this in typically cost prohibitive. WTP6 sees approximately 5,000 gallons of
water lost to post-service flush when turning off a reverse osmosis (RO) skid, resulting in a reduction of
treatment losses only being possible by increasing RO skid runtimes. This leaves the majority of the
opportunity for water loss reduction in the distribution system.

In the DNR survey, there were 379 loss reduction projects conducted by 126 cities. Table 18 lists the
type of non-revenue water loss projects, dividing them into projects that reduce water, and thus the
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energy needed to produce that water, and projects that are aimed at moving volumes of “lost” water to
billable categories.

Figure 3: Waterloss distributionfrom DNR 2019 report (Nelson & Steidel, 2019).
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Table 18: Loss reduction project types.

Reduction Project Classes Revenue Related Project Classes
System Leak Fixing BTM Add Irrigation Meters
Hydrant Repair Add Non-Irrigation Meters
Pressure Control Meter Repair Replace
Storage Mixing Meter Testing
Increase Treatment Efficiency Reduce Unauthorized Water Use

Water losses during distribution typically involve water main breaks and leaks in pipes and fire hydrants.
Losses also occur from hydrant flushing/use purges from treatment systems such as filter backwash or
reverse osmosis system reject water, purges of stagnant water from storage reservoirs. The procedures
used for purges or flushing such as un-monitored or excessively long flushing can result in wasteful
losses. Older systems tend to have higher rates of water main breaks due to aging pipes. Five sites
reported that the type of pipe that had the highest break rate in their system was cast iron piping.
Water main breaks can be avoided by identifying and replacing aging pipes, however only one site
reported actively replacing old pipes without a main break based on known areas of corrosive soil where
water main leaks and failure were more prevalent. Two sites alsoreported wrapping repaired sections
of pipe in polyethylene in order to increase their resistance to corrosion. To reduce water losses due to
leaks in the system, leak detection can be performed. Four sites reported performing routine leak
detection on a set schedule in order to identify and repair leaks in the system.
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Pressure control is another factor. Sufficient pressure needs to be maintained in distribution systems so
customers at the furthest locations in the system and at the highest elevations have sufficient pressure

to provide flow. This results in pressure variations in the system, and if either the minimum system
pressure is higher than needed or some areas have excessively high pressures due tolow elevation, high
pressures cancause equipment wear and result in higher leak rates. If the minimum system pressure is
higher than needed, distribution pumps will have a higher than necessary pressure they need to work
against, resulting in higher than needed energy consumption.

Table 19 shows the 2018 claimed impacts of loss reduction projects in the state. Almost 90% of the
claimed reduction is the result of true water conservation; 86% from leak repair and 4% from the
remaining four types of water conservation projects. 10% of the impact involved improved metering and
being able to charge for lost or unbilled volumes. We assume the 90:10 ratiois the likely proportion for
water conservationvs. improved billing potential remaining in the sector.

Table 20 shows the number of cities conducting non-revenue/water reduction projects in 2018, by both
the size of the utility and the project type. It also shows the number of cities not reporting any projects.
The number of cities conducting leak reduction, other conservation, and revenue related projects is
evenly distributed by project type. The fraction of cities conducting projects is very high for the large
cities but declines as cities get smaller, sothat projects are rare among small cities. We also classified a
few cities as having strong reduction programs. These 21 cities accomplished reduction that accounted
for 60 to 100% of the reduction for their size class. This suggestsreduction potential is likely significant
with the possible exception of perhaps cities in the 3,000-5,000MGY size class, althoughthese cities are
still reporting significant losses.

Table 19: Reduction impact by reduction project.

Project type Projects Water to Average Project % of impact % reduction
Count Distribution distribution reduction
(gallons) loss (gallons)
System Leak 89 43,382,404, 10.7% 1,524,642,9 85.7% 3.5%
Fix 080 83
Hydrant 67 40,692,252, 10.9% 56,024,967 3.1% 0.1%
Repair 093
Pressure 3 1,854,268,1 4.1% 5,877,320 0.3% 0.3%
Control 20
Storage 2 363,477,713 9.2% 10,001 0.0% 0.0%
Mixing
Treatment 8 4,539,537,5 7.9% 11,634,500 0.7% 0.3%
Eff. 36
Revenue 97 37,394,323, 10.2% 181,560,841 10.2% 0.5%
647
Grand Total 266 128,226,263 10.4% 1,779,750,6
,189 12
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Table 20: Cities with before the meter reduction projects.

Size Category Leak Other Revenue Cities Total % Of % Of Cities
Reduction Reduction Projects with No  Cities Cities with
Projects Projects Projects with Strong
Projects Projects
>10000 1 2 2 0 2 100% 0%
3000-5000 2 0 0 1 3 100% 66.7%
1000-3000 18 27 31 7 28 75.0% 17.9%
500-1000 25 29 34 9 37 75.7% 8.1%
100-500 57 68 96 44 113 61.1% 4.4%
50-100 24 27 40 36 70 48.6% 4.3%
10-50 34 24 49 181 225 19.6% 1.3%
5-10 4 3 3 75 81 7.4% 0%
<5 0 0 1 87 88 1.1% 0%
Grand Total 165 180 256 440 647 N/A N/A

The magnitude of the reported non-revenue water loss rateis a good starting indicator for reduction
potential. Anything above 10% has some potential, withthe larger the loss, the greater the potential.
Loss rates above 15-20% suggest strong potential. Aging water systems, systems with high leak rates,
and systems that have a high specific energy will see the largest energysavings from water loss
reduction and prevention. The energy savings are proportional to the amount of water saved, using the
specific energy as a conversion factor.

The main barrier for water loss reduction is funding. While large water main breaks will usually always
be fixed, leak detection for smaller leaks and preventative measures are more dependent on funds as
well as administrative permission. The site with the largest water loss rate, WTP8, was unable to identify
leaks because they were denied permission from the city administrationto have leak detection
performed, despite the comparatively low cost.

Water audits are the first stepin controlling waterloss. Metering and better water accounting are key to
improving the city’s water loss percentage. Approximately 75 cities have gone through Water Loss and
Water Audit training sponsored by AWWA however, only a few Minnesota cities have completed
comprehensive water audits.

Leak reduction programs achieved 2.5-31% reduction in their distribution losses. We estimate strong
leak repair programs could reduce sector electrical consumption by 190,000-2,380,000 kWh. Incentives
for system leak reduction could be structured like compressed air audit programs where part of the
audit cost is reimbursedif a predetermined fraction of leaks are repaired (for example 75%).

Hydrant repair is mostly a subset of system leak repair and could be handled similarly. We deal with it as
a separate opportunity, because the DNR does and because water loss canalso be reduced through
improved hydrant flushing procedures such as predetermined flush time so no more than the sufficient
volume is used for the flush. Strong programs achieved 0.4-2.3% reduction in their distribution losses.
We estimate strong leak repair programs could reduce sector electrical consumption by 28,000-176,000
kWh.
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Treatment water efficiency can be improved by reducing process wastewater such as reducing or
reusing filter backwash and improving reverse osmosis yields. Not all water utilities treat waterin a way
thatincreases water use, with perhaps 90% of large systems, 60% of medium sized systems, and 10-20%
of small systems producing some amount of treatment related losses. Seven of 120 systems appearedto
have strong treatment efficiency programs. Strong programs achieved 2.3-43% reduction in their
treatment losses. If their reductions could be extended to 50% of the remaining systems electrical
consumption could be reduced by 48,000-890,000 kWh.

Pressure control involves controlling the distribution system pressure so excessively high pressures are
avoided. High pressure requires greater pumping energy to create the pressure, increase the likelihood
of leak creation and makes leak rates higher. The minimum working pressure in the most remote or
highest elevation portion of the system should be at least 35psi, and the highest working pressure
should be 60-80psi (Nelson & Steidel, 2019). If actual working pressure exceeds these standards in a
significant portion of the system, there may be an opportunity for better pressure control. Small
pressure adjustments can be made through adjustments in reservoir level, and back pressure valves can
limit pressures in geographic areas with low elevations. 3 of 230 large cities had strong pressure control
programs and this opportunity applies to only perhaps 10-20% of the water utilities in the state. These
strong programs achieved 1.4% reduction in their distribution losses. We estimate strong pressure
control programs could reduce sector electrical consumption by 31,000 kWh.

Storage mixing improvements are probably the smallest opportunity and depends on the design of the
storage reservoirs. The indicator of an opportunity is that water is purged from storage to prevent
stagnation of the water supply. The ideal solution is a reservoir design that minimized stagnationandto
have flow throughthe reservoir came closer to a firstin, first out flow pattern. New reservoirs are very
expensive so a much more likely interim solution would be to add mixing to storage sothereare no
pockets of water volumes that stayin the reservoir for long periods of time. In2017 there were only 2
storage mixing projects at relatively small water utilities, but we have no information that this is a
widespreadissue. 2 of 230 large cities had strong leak programs and this opportunity applies to only
perhaps 10-20%. These strong programs achieved 0.6% reduction in their distribution losses. We
estimate strong storage mixing programs could reduce sector electrical consumption by 2,000 kWh.

Miscellaneous Energy Efficiency Measures

In the process of conducting this project, assistance has beenrequested from Minnesota Rural Water
Association (MRWA) for help with energyreduction in one small water treatment facility. The major
recommendation for this site was to lower the set point of the heating system for the treatment plant as
the water contained in the piping and clear well offer a large thermal mass to buffer outside
temperatures. By reducing the thermostat set point to 60°F a savings of 15% were identified. This
primarily applies to facilities pumping less than 10 MGY, but thermostat set point adjustment is
applicable to all sites with heated buildings.
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Conclusion

WTP Sector Energy Conservation Potential

Statewide electricity use was estimated using the specific energy (the energy required to pump one
million gallons of water) calculated during the interview and assessment phases, along with pumping
totals from the DNR MPARS database. These values are presentedin Table 21. The total energy was
calculated using the average specific energy of the size class using data from the 15 sites interviewed.

Table 21: Total energy electricity calculated using the specific energy calculated for each size class.

Size Category TotalNumber G:I';)c:ramls,“l/?l::lr:): od Specific Energy TotalEnergy
of Plants kWh/MG kWh/yr
T ( ) (kWh/yr)
Small 307 5,900 2,300 13,400,000
(5-50 MGY) ’ ’ ’ ’
Medium
187 32,000 1,600 52,500,000
(50 — 500 MGY) ’ ’ o
Large
67 100,000 2,300 227,200,000
(>500 MGY)
Total 561 138,000 N/A 293,000,000

Datain Table 21 shows that even though smalland medium sized plants greatly outnumber large plants,
they only account for 27% of the yearly water pumped. This is also representedin the estimated total
energy used, as smalland medium plants only make up 22% of the total energy. This indicates that the
large size class (plants pumping more than 500 million gallons per year)is the largest opportunity for
energy savings, using 78% of the sectors estimated energy.

Replication Potential

Rough estimates for each opportunity were made using data gathered during the interview and
assessment processand are presentedin Table 22. The estimates for water conservationand water loss
reduction were made with a preliminary analysis of the DNR Water Conservation Report System
database. The estimates for the other opportunities were completed using adoption rates of each
opportunity gathered from the 15 water utility interviews and initial data provided by assessment sites.

Once the assessments were complete, anin-depth analysis of each opportunity was completed. The
data from these analyses are presentedin Table 23.
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Table 22: Overall opportunity potential from preliminary interview and assessment estimates.

Opportunity Percent of State Estimated Estimated Sector
Water Utilities Savings Energy Saving
Available (kWh/yr)
Water Loss Reduction 88% 15% 38,000,000
Customer Conservation 81% 14% 33,000,000
Pump Efficiency Optimization 80% 6% 14,000,000
Well/Pump Rehabilitation 53% 6% 9,300,000
VED Optimization 80% 3% 7,000,000
VFD Installation 20% 15% 8,800,000
Statewide Total N/A N/A 98,000,000

Table 23: Overall opportunity potential fromin-depthassessment analyses.

Opportunity Percent of State Estimated Savings Estimated Sector
Water Utilities Energy Saving
Available (kWh/yr)
Pump Efficiency Optimization (PEO): N/A N/A 25,000,000
PEO: Well Pump Selection 87% 5% 14,000,000
PEO: Distribution Pump Selection 87% 0.7% 2,200,000
PEO: Pump Redesign 10% 600 kWh/MG 8,300,000
Well/Pump Rehabilitation 53% 6% 9,300,000
Water Loss Reduction (WLR): N/A N/A 3,500,000
WLR: Distribution Leak Repair 95% 2.5-31% of losses 2,400,000
WLR: Hydrant Repair 96% 0.4-2.3% of losses 180,000
WLR: Treatment Losses 87% 2.3-43% of losses 890,000
WLR: Pressure Control 15% 1.4% of losses 31,000
WLR: Storage Mixing 15% 0.6% of losses 2,000
Customer Conservation (CC): N/A N/A 2,700,000
CC:Irrigation 94% N/A 1,200,000
CC: Residential Appliances 94% N/A 1,500,000
CC: Other 94% N/A 85,000
VFD Optimization 60% 1.5% 1,900,000
Statewide Total N/A N/A 42,000,000

Electric Utility Support of Conservation Initiatives

The major conclusions for electric utility support for each of the opportunity are grouped into two main
categories: identification and the possible incentive structures. The statewide potentialis the third
major part of this, and is discussedin the previous section, Replication Potential. For a summary of the
information presented below, refer to AppendixE: Opportunity SummaryTable.
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Well/Pump Rehabilitation and Pump Efficiency Optimization

Two major distinctions should be considered when identifying potential opportunity with pump
rehabilitation: 1) whether the water utility has a schedule for pump/well rehabilitation, and 2) whether
energy and water volume measurement is available on pertinent pumps. Sites without a set schedule for
rehabilitation should consider well rehabilitation (including pump inspection) on a 7-10 year cycle. This
will reduce energy use and reduce risk of pump failure. If a siteis on a set schedule of well rehabilitation,
but does not have measurement infrastructure, energy and water volume measurement systems would
be the next step for added efficiency. This would allow for real-time calculation of the specific energy of
each well pump which would allow the operator to schedule well rehabilitation when the specific energy
begins to increase. Monitoring specific energy can also help predict pump wear which reduces the risk of
pump failure. This also represents a major barrier identified in each electric utility interview: monitoring
is not typically incentivized. The electric utilities surveyed are focused on verifiable electricity savings
and monitoring does not guarantee savings. Toensure energy savings, this could be structuredas a
standard compressed air audit, where incentives are given once maintenance activities are completed.
In this case, monitoring would be installed, and the electric utility would provide financial incentive for
that installation once well or pump rehabilitation was completed. At a minimum, water utilities should
have a schedule for pump and well maintenance and this does not necessarily need financial incentive.

Pump efficiency optimization is more applicable to systems with several pumps that serve the same
purpose such as a central treatment plant where all water is pumped or distribution pumps servicing the
same storage system, more importantly, for drinking water utilities that have a large number of wells to
choose from. Five wells might be where this opportunity starts, while systems with more than 10 wells
arevery good candidates. But even small systems with just two wells — a primary well and a backup - can
take advantage of this opportunity. Small systems are generally operatedto equalize operating hours on
the pumps to delay major maintenance, but they could run primarily on the most efficient pump until
maintenance is needed, and then switch to the less efficient during repairs. This type of operation
should increase the frequency of repair on the primary pump but should not increase repairs overall. Of
the 634 groundwater systems in Minnesota, 108 have five or more wells, and these would be the larger
systems with greater potential for savings through pump selection optimization.

Energy conservation incentives for measurement infrastructure, including SCADA programming, would
alsobe beneficial for pump efficiency optimization, if those costs can be tied directly to making pump
selections that save energy. For very large systems, automation costs can be significant, and this would
be an obvious place for incentives.

Customer Conservation and Water Loss Reduction

Only 6% of cities had a robust customer conservation programand 5% of cities had a strong program for
leak reduction. This indicates that most water treatment plants in the state have the opportunity to
implement one or both. The water use per capita and the specific energy could be used as away to
identify higher opportunity as higher per capita use would indicate more opportunity for customer
conservationand a higher specific energy would indicate a larger incentive to reduce water use.
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One area where incentives might work would be for electric utilities to provide direct incentives to their
own electric customers withlarge irrigation needs to reduce irrigation water. The best application would

be for customers using greater than 1-2 million gallons per year for irrigation who have old systems with
rudimentary control. Smart irrigation timers and moisture sensors can reduce water demand by 15-40%
depending on site conditions and current system operation. A possible additional reasonto provide this
type of incentive is that peak irrigation demands can occur at the same time as peak air conditioning
demand for electric utilities. This would be peak shaving rather than energy savings since preventing
irrigation during peak energy consumption periods would likely shift irrigationto a different time. One
problem with irrigationincentives is the electrical customer who would find irrigationincentives useful,
might not buy water from a water utility served by the electrical utilities, or there may be remote pumps
or facilities that are not in the service territory. This should be handled on a per case basis. An
alternative approach toincentivizing irrigation reduction might be to pay the water utility to ban or shut
off lawn watering, generally, or by specific large customers, at times of peak electrical demand. Many
energy companies already do this with agriculturalirrigators and some cities have lawn irrigation
ordinances that permit watering only on certain days or at certaintimes of day, but installing additional
energy/water shutoff systems may be necessarytoensure energy savings.

Another area where CIP could help with water conservationis in education, outreach, and advertising.
As long as energy companies have to promote energy conservation, they could tie in water conservation
atthe sametime using the idea that all water savings leadto energy savings for the drinking water
treatment facility. Most water utilities struggle to do education and outreach.

Leak reduction opportunities can be identified based on the reported system loss rate and more
importantly the loss rate for the distribution system. Ifthe distribution is higher than 10% of the volume
produced the systemis a reasonable candidate for reduction; the higher the distribution loss, the larger
the likely opportunity. A likely first estimate of leak volume is 90% of the distribution loss. Leak repairis
a continuous effort because new leaks develop, but only 12 of 230 large cities had strong leak programs
(they account for 40-100% of their size category’s leakimpact). These strong programs achieved 2.5-31%
reduction in their distribution losses. Incentives for system leak reduction could be structured like
compressed air audit programs where part of the audit costis reimbursed if a predetermined fraction of
leaks are repaired (for example 75%).

VFD Installation and Optimization

A majority of the sites interviewed had VFDs installed on all or most of their wells (12 of 15), and most
had VFDs installed on distribution pumps. Therefore, the statewide potential for VFD installationis
currently small, but if identified, could have a major positive impact. Another further optimization
technique for VFD operated pumps is to find the pump speed that maximizes the efficiency of the pump
and motor, effectively finding the best operating point of the pump by modulating the speed of the
motor.

If a throttled flow situation is identified, current prescriptive rebates would mostly likely handle it. For
best operating points, operator time is required to run speed tests and calculate pump specific energy,
but this time is relatively small unless the number of pumps gets large, and there is no cost to actually
choosing the operating point, so there are no significant costs that can be off-set with incentives to
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encourage manual pump testing and BOP selection. However, manual BOP optimization would likely be
a one-off effort unless the WTP is very committed.

Currently most, but not all, wells have real-time flow measurements, andthose are generally connected
to centralized SCADA systems. Some wells also have power measurements available, but the most
frequent form is an amp measurement within the VFD controller that is not connected to the SCADA
system. Individual flow and power measurements are less common for high service pumps serving the
distribution side of WTPs. Ideally, measurement improvements would be made so that both flow and
power measurements would be available in real-time on the SCADA system for each pump, and the
SCADA system would be programmedto calculate specific energy. The availability of real-time specific
energy on each pump would allow WTP staff toset best operating points (including friction loss
impacts); select the most efficient pumps for maximum use; and identify BOP trends that signalthe
need for pump or well rehab. Costs for measurement infrastructure would be the largest cost associated
with implementing energy conservation other thanthe more direct costs of pump and well rehab.

Two electric utilities indicated CIP rules do not allow them to provide incentive for measurement
infrastructure because, while it can be a precursor and aid to energy conservation, it does not directly
result in energy reduction. Perhaps incentives for measurement infrastructure costs could be made if a
behavioral change made off of that energyinformation, such as a shiftin pump use, was maintained
over a 6 or 12 month period with the energy reduction associated with that change quantified. In other
cases a process similar to compressedair leak rebates could be offered (see the section titled
Well/Pump Rehabilitation and Pump Efficiency Optimization, above).

Miscellaneous Energy Efficiency Measures

Although this opportunity only represents a small fraction of the total energy saving potential, it is
worthwhile to keep in mind as an easy no-cost change. Many times the only necessarychangeis a lower
the temperature set point in the main treatment building. This showed a 15% decrease in energy for the
one facility analyzed.

Electric Utility Interview Findings

Interviews with electric utilities were conducted throughout the duration of the project to answer three
main questions:

e How could the electric utility help the drinking water utility implement each conservation
opportunity?

e What information do the electric utilities need to identify and properly incentivize each
conservation opportunity?

o How does each conservation opportunity fit into existing incentive programs?

Incentivizing Energy Conservation
Conservationincentive at each of the electric utilities interviewed was governed by one overarching

principle: incentives are only given to projects that reduce the use of electricity (kwh). In most cases,
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this implies that sub-metering for identification of energy reduction opportunities is not incentivized.
This makes incentivizing pump efficiency optimization and pump/well rehabilitation difficult without
pre-existing metering infrastructure. These two opportunities rely on energy use monitoring (pump/well
rehabilitation does not require monitoring, but it is encouraged) as they both require calculation of
specific energy. Pump and well rehabilitationis discussed furtherin a subsequent sectiontitled, Long-
Term Maintenance.

Demand charges incentivize customers to keep their power draw as low as possible which helps the
electric utilities manage their overall power production. For the average industrial customer, this works
well because all of theirload is on one or two meters and can be manipulated by any electrical
equipment in the facility. Most water utilities have more than one well and some have 20 — 30 wells
each on their own electric meter. This means that if a well runs during a given billing period, its
operational power will be charged as demand. If all of the water utility’s operation were lumped into
one bill and treated as one meter, the utility could shut down less efficient wells and power on more
efficient wells without fear of being charged for demand on all of the wells. This structure is being
implemented in smaller cities where the electric utility and water utility are sister utilities (more
discussionon this in the next section, Water/Electric Utility Partnership). For a more in-depth
discussion on this topic, see the appendix section AppendixD: Demand Charge E2 Disincentive
Discussion.

VFD installationis the one opportunity thatis a straightforward incentive by the electric utility and
should continue to be offered to sites that have a need for a VFD. This is also something that has been
offered by many electric utilities as a rebate for severalyears and is easy to identify as an opportunity.
Although this opportunity is easyto rebate, it is fairly common in the drinking water treatment sector as
previous efforts have been successful to push adoption of VFD technology.

Water/Electric Utility Partnership

Many of the electric utilities that are members of larger electric cooperatives are also sister utilities with
the water utility. This is typical if atown or region that operates both the local water utility and electric
utility, and can be advantageous. With a closer partnership, special billing is possible, such as system
wide demand sharing (see previous section), or blended rates (per kWh rates that combine the usage
and demand cost into one rate). This partnership is also beneficial for energy efficiency opportunities
such as customer water conservationand water loss reduction. With a closer tie between the electric
and water utilities, these two opportunities are easier to coordinate and easier toshare costs and
benefits which allows for greater buy-in from both parties.

Feedback from electric utilities indicated that customer water conservationand water loss reduction are
both opportunities that would work better with a partnership between the electricand water utility.
This is based on the nature of the opportunity, as neither are true rebates that the electric utility can
offer the water utility and cooperation is necessarytorealize energy savings. To further complicate this,
a smallsubset of water utilities receive electricity from multiple electric utilities which increases the
need for cooperation between the water and electric utilities.
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Long-Term Maintenance

Both pump and well rehabilitation are currently performed by many water utilities on a set schedule
(typically every 7-10 years). The potential opportunity is to convert this scheduled maintenance plan to
an energy efficiency-based plan by metering pumps to identify when the specific energyis increasing
signaling the time for maintenance. Although this practice of monitoring the specific energy of pumps
was not observed at any of the 15 sites interviewed, the cycle of maintenance will likely fall toevery 4-7
years. This is still a relatively long timeframe for electric utility rebates and will need to be addressed
thoughtfully. Two possible incentive scenarios were identified with input from the electric utilities
interviewed: 1) providing rebates for metering technology toidentify the proper timing of maintenance
and 2) providing rebates for maintenance activities aimed at increasing the efficiency of pumps.

To provide a rebate for metering technology, two of the three electric utilities interviewed required
automation to be installed alongside the metering to ensure energy savings. The third utility was not
asked directly but would likely echo these concerns. One alternative option to automation is to structure
this type of rebatein a similar fashion as compressed air audits. In this scenario, an estimate of the
potential savings would be identified and when the water utility perform maintenance basedon the
metering technology, the electric utility would rebate the metering technology.

Providing arebate for maintenance activities may be an easier approach than trying to offer metering
technology rebates. This type of rebate would be offered for maintenance activities based on either
metering data or historical data indicating previous energy efficiency baselines and current energy
efficiency values. The major barrier with this type of incentive is the length of time necessarytoverify
energy savings.
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Appendix A: Literature Review

Energy Use at Drinking Water Utilities

The Minnesota DNR regulates the use of waterin the state by permitting withdrawal from both surface
waters like lakes and rivers, and from groundwater in volumes larger than one million gallons per year
(Water Use Permits, 2019). The DNR publishes a spreadsheet with withdrawal volumes annually (Hunt,
2018). For 2017, spreadsheet analysis showed there are 666 cities in Minnesota with DNR permits for
municipal water use; 638 cities used 119 trillion gallons per year (GPY) of ground water; while 28
permitted cities used 64 trillion GPY of surface water. Minneapolis and St. Paul account for nearly 70%
of municipal surface water use. Municipal ground water is withdrawn from 59 aquifers, with 86% of the
volume removed from depths of 100 to 700 feet; only 6% comes from depths less than 100ft, and 8%
from depths of 700 to 1200 ft.

A 2011 GAO report (Mittal & Gaffigan, 2011, p. 10) concluded limited data is available nationally on
energy usein the urban water lifecycle, which includes drinking water production. This report also
indicated the task of quantifying this energy use is made difficult by the location specific variables that
greatlyaffect energy use, such as the water source and quality of that source (surface water, shallow
wells, deep wells); the distance and topography water is conveyed over; and the types of treatment
needed and used. The GAO report stated the two most cited national studies were conducted by EPRI in
1996 and 2002 but concluded these studies are dated. We found a more recent EPRI study dated 2013
(Pabi, 2013) which will be discussed below.

AWWA Research Foundation report (Carlson & Walberger, 2007, p. 2) alsodescribes the limited
availability of information on water utilities and the wide variation of parameters that affect energy use.
This studyis based on a survey of drinking water utilities where the survey was mailed to all 1723
utilities serving populations of greater than 10,000 (Carlson & Walberger, 2007, p. 11). They received
251 responses (13%). Disinfection was the leading treatment objective. Treatment for turbidity, taste
and odor, and organic carbon were significant objectives in the response but much smallerthan
disinfection. Pumping is by far the most energy intensive operation at drinking water utilities while a
relatively few plants had other high energy operation like UV disinfection or membranes (Carlson &
Walberger, 2007, p. 13). 93% of utilities reported that electrical energy use was greater than 90% of
total energy consumption (Carlson & Walberger, 2007, p. 21).

Water utilities have 3 main operations: water production, treatment, and distribution with the relative
footprint depending on the water source as shown in Table 24 (Carlson & Walberger, 2007, p. 123).
MnTAP conducted an assessment at a single water utility plant (Vanyo & DeWahl, 2018, p. 3) using a
groundwater source and found treatment energy was only 2.5% of the total while well pump energy was
45% & distribution energy was 2.5%.

Determining the Energy Efficiency Opportunity Potential at Minnesota Drinking Water Utilities
Minnesota Technical Assistance Program 50



Appendix A: Literature Review

Table 24: Relative energy use of groundwater versus surface water treatment facilities.

Water source Groundwater Surface Water MnTAP assessment
(1800 kWh/MG) (1400 kWh/MG) (2200 kWh/MG)
Well or raw water pumping 33% 9% 45%
Treatment 1% 5% 2.4%
Distribution pumping 66% 86% 52.5%

A Lawrence Berkeleystudy (R. Brown, 2005, p. 6) found the energy footprint of a surface water plant
(see Figure 4) is 11% raw water acquisition, 20% treatment and 67% distribution.

Figure 4. Energy Footprint of a Surface Water Plant
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Environmental Energy Technologies

AWWA also looked at the variables affecting energy used by the 3 main operations finding the variables
listedin Table 25 have the largestimpact on utility energy use (Carlson & Walberger, 2007, pp. 31, 46,
49, 52).

EPRI has done 3 reports on Water and Wastewater utility energy use, the latest from 2013 stated that
energy use at drinking water utilities increased faster that the population during the period 1950-1985,
but slowed to the rate of population growthfrom 1985-2005 (Pabi, 2013, pp. 2-4) and the rate of energy
growthis expectedto remain at 5% per year into the near future.
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Table 25: Operational variables withsignificant effect on energy use at drinkingwater plants: total plant energy;
production energy, treatment energy; and distribution energy.

Totalplant energy Production energy Treatment energy Distribution energy
total flow total flow total flow total flow
purchased water flow purchased water flow purchased water flow
total horsepower raw water pump hp raw water pump hp distribution pump hp
The presence of 5 The presence of 3
water loss
treatment processes treatment processes
systemchangein systemchangein
elevation elevation
length of distribution
mains

The EPRI study also estimated energy intensities for seven water production levels and 21 plant
operations (Pabi, 2013, pp. 4-6) based on key assumptions including a well lift of 150ft, a distribution
pumping pressure of 65psig and a pumping efficiency of 65%. They also estimated pumping energy
intensity at 3 efficiency levels as shown in Figure 5 (Pabi, 2013, pp. 4-7). These estimates could be used
to get aninitial sense of a plants energy efficiency during an informational interview or assessment. EPRI
reviewed 8 studies on drinking water energy intensity and concluded 1900kWh/MG is a reasonable
estimate of national drinking water plant energy intensity (Pabi, 2013, pp. 4-15).

Figure 5. Screenshot of Table 4-3 from Pabi, 2013

Table 4-3
Source Water and Finished Water Pumping Intensity as a Function of Pumping Efficiency
{in KWhiday)
Unit Process Pumping Plant Production (MGD)
Efficiency®
1 4] 10 20 a0 100 250
High 118 SE9 1,477 2355 5,887 11,774 28 435
Faw water pumping, -
145 T25 1,445 2898 7,246 14,491 36,228
surface plant Medium : : :
Low 188 a4z 1,684 3,765 9419 18,838 47 0%
High 750 3,748 | T498 14,982 A MIA PIA,
Faw water pumping, -
923 4613 9226 18,452 A MIA A
grounchwater plant Medium
Low 1,199 | 5,997 | 11,994 | 23,988 MiA MIA A
High B45 4328 | 8969 17,520 | 39629 | 79,257 198,143
Finished water pumping Medium 1,040 | 5,327 | 11,038 | 21,563 | 48774 | OF 547 243 BE8
Low 1,352 | 6,925 | 14,350 | 28,032 | 63,406 | 126811 7029
* Pumgping efficiency is “wire-to-water,” not motor efficiency; high=75%, medium=85%., bow=50%

Wisconsin surveyed their plants in 2016 (Water and Wastewater Energy Best Practice Guidebook, 2016,
p. 6) and 2006 (Cantwell, 2006, p. 10). Table 26 summarizes the energy use — kWh/MG (or per million
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gallons). Betweenthe surveys, energyincreased by nearly 20% for the largest plants, and by nearly 30%
for the smallest plants. Energy use was stable for the medium size group. Energyintensity also
increased. A comparison of the tworeports also shows an increase in energy intensity for both plants
drawing in groundwater as well as drawing from surface water, although the basis of comparison is
different between the reports — Wisconsin only plants in 2016 compared to U.S. averages in 2006.

Table 26: Energy use rates at Wisconsin drinking water utilities.

Type Size 2006 2016 %
kWh/MG kWh/MG Increase
Class AB | (>4000 customers) 1510 1810 19.9%
ClassC (1000-4000 customers) 1850 1940 4.9%
ClassD | (<1000 customers) 1890 2410 27.5%
- Surface water 1400 2160 54.3%
- Groundwater source 1800 2100 16.7%

If the Wisconsin averages are representative of Minnesota drinking water supply infrastructure, the
state could be using as much as 240 million kWh for groundwater procurement and 139 million kWh for
surface water supply based on 2017 use rates.

A recent series of articles in the American Water Works Association journal Opflow stated pumping is
responsible for at least two thirds of a utility’s energy consumption with part 1 giving an excellent
overview of the factors affecting pup system efficiency and performance and suggesting specificenergy
(power in KW divided by flow in MG/hr) as an important pump benchmarking tool (Steger & Pierce,
Specific Energy: Comprehensive Measure of Pump Station Performance, 2018, p. 12)

Energy conservation potential within utility operations

Notable best practices from several sources are shown in Table 27 and discussed below. Costs of
implementation for many of the best practices were not mentioned, as most sources focused on
potential savings instead. As a result, payback period info is vague for some best practices. Larger,
complete WTP best practice guides are available from the Wisconsin Focus on Energy (WI FoE) (W!I FoE,
2016, pp. 35-36) and WRF NYSERDA (Leiby & Burke, 2011, p. 18), but the most impactful best practices
arelisted in Table 27. The specifics and potential savings regarding the minimization of water losses are
discussedin Section 3 of this report.

The WI FoE recommends that a utility install a real-time energy monitoring systemtoallow for the
collection and analysis of energy data for each treatment process, pump system, and building function.
This may help a WTP identify opportunities for energy savings, which may range from 5-20% at WTPs
where E2is an ongoing function (WI FoE, 2016, p. 49). Monitoring may also support load management,
maintenance, and the identification of failing equipment. Installing enhanced Supervisory Controland
Data Acquisition (SCADA) systems toa WTP to monitor and control energy use in addition to more
standard process variables such as, flow rate, chemical use, etc., would improve the ability to
understandan optimize energy use. One particular use of a SCADA system may be to calculate pump
efficiency in real time by monitoring flow rate, suctionand discharge pressures, and required power.
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WTPs are encouraged to benchmark their operations and to compare their results with other WTPs to
understandtheir relative efficiencies. Doing this may help to identify potential savings in various areas
of a WTP. In general, more advanced instrumentation and automation provide further detail and control
and eventually end up paying for themselves by uncovering otherwise unknown savings opportunities.

Table 27: List of best practices.

Best Practice Capital Investment Potential Savings Payback Period
Minimize Water Losses Variable Proportional to water loss rate Variable,
dependson
severity
Install Premium-Efficiency $3,100-175,000 5-10% of pumping energy, $2,800- 0.5+ years
Motors 44,300
Rehabilitate Old Pumps Variable depending on Variable 2-3years *
size
Apply Internal Coatings to Low 5-10% of pumping energy Short, < 1year
Pumps
Use Smaller Pumpsin Variable 10-50% of pumping energy Variable
Parallel
Install VFDs $3-126.5k $1,620-51,600 Several months
to years
Replace or Trim Impellers Low Dependson extent of throttling Shortor
immediate
Prioritize Most Efficient None 10-20% of pumping energy * Immediate
Well and Distribution
Pumps
Manage Peak Energy None Variable Immediate
Demand
Minimize Pipe Head Losses Variable 5-20% of pumping energy * Variable
Rapid-Gravity Filtration 50%
versus Pressure Filtration
Install High-Efficiency $7-154k 20-40% of associated energy Variable

Lightingand HVAC Systems

Installing new and premium-efficiency motors should be considered to replace old electric motors for
both water acquisition and distribution pumps, especially on those with the highest operating hours. WI
FoE states that payback periods are usually less than two years and that typical savings may be 5-10% of
the energy used by the motor being replaced, but these figures may vary depending on the initial motor
efficiency, size, andits operating hours (WI FoE, 2016, p. 58).

Rehabilitating old pumps to regain lost efficiency may be a viable option as well. In 2017, the City of St.
Cloud WTP rehabilitated a 500 hp pump installedin 1992 for a cost of $75k. As a result, energy demand
dropped from 1.95 kWh/1000 galto 1.77 kwWh/1000 gal, effectively saving $81 per day for a payback
period of about 31 months (St. Cloud, 2018, p. 24). Part 2 of the AWWA OpFlow series states that
operating pumps wear and slowly change their operating efficiency and that operating outside of the
pump’s Perferred Operating Range (POR) results in increased wear and decreased energy performance
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(Steger & Pierce, Centrifugal Pumps and variable-frequency drives: a match made in heaven?, 2018, p.
12). They also state that without adequate controls and education, the application of VFD drive to
pumps results in significant time of operation outside the POR as shown in Figure 6. Specific energy is a
tool that canidentify the degree of wear, or more precisely the departure of pump performance from
factory specifications. Part 3 of the series gave an example where the pump preferred by operators, out
of asetof 5 pumps in parallel, operated at 68% of its factory peak efficiency, while 2 other pumps were
still within 4% of factory peak efficiency (Steger & Pierce, Optimal Pump Station Operation is Important,
Butit isn't Easy, 2019, p. 16)

Figure 6. Historical Operationin and out of POR

Figure 1. Historical Operation in and out of POR

In this example, operators unknowingly operated the VFD pumps outside POR 61
percent of the time and at shutoff head 15 percent of the time.
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Belzona Corporation recommends applying their proprietary coating, Belzona 1341 Supermetalglide, to
the interior components of pumps and other fluid handling equipment to result in efficiency increases of
up to 8% and 20% on new and refurbished equipment respectively (Belzona, 2018, p. 4). The
hydrophobic coating increases fluid flow efficiency, protects equipment from corrosion and erosion, and
is safe to use for potable water systems. Using a different ceramic-filled epoxy coating following pump
refurbishment, Monroe County Water Authority improved their pump efficiencies by 8%, resulting in
savings of $17k per year on a single pump (Leiby & Burke, 2011, p. 53). Payback periods for these actions
are dependent on hours of operation, but a complete payback for all pumps was estimatedto be less

than ayear.
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WTPs typically invest in oversized equipment such as pumps to handle peak loads and prepare for future
growth (NEEP, 2018, p. 12). While this is effective for offsetting the urgency to expand a WTP’s capacity,
it results in suboptimal performance of equipment and wastes pumping energy due to throttling in
order to regulate water pressure. If a WTP utilizes throttling/control valves to limit flows, pumping
equipment is likely oversized and may be altered to achieve savings. Wl FOE recommends water utilities
use the DOE’s free software, PSAT and MotorMaster+, toidentify inefficient and oversized pumps and
motors, determine potential savings, and select new options for pump and motor installation (WI FoE,
2016, p. 57). As shown in Table 24, pumping energyis a major constituent of water utility energy use,
making this opportunity one of the highest potential savers, even for mildly oversized systems. An
alternative to using oversized pumps is to use several smaller pumps that work in parallel. Doing so
allows an automated system to gradually ramp up or down the delivered flow to meet demands without
incurring the unnecessary costs of running an oversized pump at all times. Using multiple small pumps
allows the systemto be more precise in choosing a flow rate. Furthermore, each pump maybe operated
atits best efficiency point to secure more energy savings. Potential energy savings for this option usually
range from 10% to even 50% of pumping energy for highly oversized pumps (Leiby & Burke, 2011, p. 52).
As a result, expected payback periods depend on the extent of oversizing and the total cost of new
equipment.

Alternatively, installing variable-frequency drives (VFD), to motors allows for an automated systemto
control the speed of an existing pump to save energy rather than using throttling valves. Energyand
money savings frominstalling VFDs typically range from 15-35% for a single pump (WI FoE, 2016, p. 60).
A pool complex in Connecticutinstalled VFDs on four pumps, two 30 hp, one 20 hp, and one 10 hp in
2015. The VFDs created total savings of $7,215 per year, which equated to a payback period of only 2
years. For a small pumping system, these savings are substantial and proportional savings are expected
for larger pump systems at WTPs. The costs of purchasing and installing VFDs may range from $3k up to
$126.5k depending on the size and complexity of the order (Horne, Turgeon, & Byous, 2016, p. 49),
resulting in payback periods of a few months to a few years (Leiby & Burke, 2011, p. 55). VFDs on large
drives operating for long hours with high load variability yield the highest savings. Part 2 of the AWWA
series cautions that VFD cancause pump wear and high energy costs in situation where speed change
takes the pump outside it POR (Steger & Pierce, Centrifugal Pumps and variable-frequency drives: a
match made in heaven?, 2018, p. 12) and part 3 gives an example where their analysis showed the
average specific energy performance (kWh/MG) of a 5-pump system was 50% higher than at the optimal
combination of pumps and speeds (Steger & Pierce, Optimal Pump Station Operationis Important, But it
isn't Easy, 2019, p. 15)

A lower cost alternative to installing a VFD on a centrifugal pump is to install a smallerimpeller or to
trim an existing one to a smaller size. Doing this effectively lowers the delivered head and flow rate of a
pump with the benefit of decreasing energy consumption. The Philadelphia Water Department trimmed
the impellers of two large, oversized pumps that were always running and realized $9,400 per month in
energy savings as a result of no capital investment. The DOE recommends that a WTP calculate potential
savings from trimming or replacing an impeller by using the affinity laws (US DOE, 2006, pp. 1-2).
Expected savings will vary depending on the extent of throttling.
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NEEP states that adhering to Strategic Energy Management (SEM) practices through equipment
upgrades, staff behavioral changes, and operations and maintenance (O&M) optimization may yield
considerable energysavings (NEEP, 2018, pp. 2-3). NEEP recommends that water utilities cooperate with
each other and share best practice experiences, as competition between municipal sectors does not
exist unlike in industrial settings. SEM programs and related programs are hosted by several
organizations including Cascade Energy, NYSERDA, Efficiency Vermont, and the DOE with their Superior
Energy Performance program (NEEP, 2018, pp. 14-16). Ina program hosted by Cascade Energyin 2013, a
group of 11 facilities from Idaho ranging from 1.6-16M kWh per year was on trackto save an average of
7.8% of utility budgets from only non-capital O&M procedure opportunities over 2 years (NEEP, 2018, p.
14). These types of changes typically require very little to no capital investments and thus have very
short or immediate payback periods. Thus, itis important for water utilities to identify potential
opportunities for non-capital opportunities to begin saving. Pursuing an SEM or similar programis a
great way for utilities to share best practices and for staffto learn about opportunities for immediate
energy savings.

O&M procedure changes can be as simple as turning off equipment when not needed or establishing
pump priorities for the highest efficiency well or distribution pumps in a WTP. MnTAP found that
prioritizing the most electrically efficient well pumps could save the Apple Valley WTP $22k (17%
reduction for well pumps) and 380,000 kWh (30% reduction) per year (Vanyo & DeWahl, 2018, p. 6). It
was alsofound that managing peak power draws could save the WTP $6,400 in demand charges per
year by keeping power consumption rates as flat as possible if on-peak electrical rates do not exist
(Vanyo & DeWahl, 2018, p. 10). Rather than allowing reservoirs to drop to critical levels, thus warranting
several pumps to turn on, flow should be gradually adjusted to meet demand in order to minimize
monthly peak power draws.

The inner diameter (ID) and roughness of distribution pipes are important factors in the head loss of a
distribution system. Wall thicknesses of different pipe materials vary due to differing material strengths,
such as a ductile iron (DI) pipe having a smaller wall thickness than a polyvinyl chloride (PVC) pipe due to
its greater strength. Therefore, for the same nominal pipe diameter, a PVC pipe will have a smaller ID
than a DI pipe. However, PVC was noted to have a C-Factor of 150 versus a C-Factor of 140 for DI,
meaning that PVCis smoother (St. Cloud, 2014, p. 1). It has also been observed that the C-Factors of DI
pipes decrease over time due to tuberculationand internal corrosion (Khurana, 2017, pp. 22-23).
Through calculations, the City of Saint Cloud found that using only PVC and PCCP pipes for 6-16 in and
18+ in pipes, respectively, would require $330,789 more in pumping costs (19.4% more) per year to
operate the WTP than if only DI pipes were used (St. Cloud, 2014, p. 2). Therefore, the changein ID
causeda more profound change in energy requirements thanthe changein C-Factor. Water utilities are
encouragedto perform their own analysis to determine the economics behind each pipe materialto
guide decisions regarding pipe network expansion and maintenance. Pipe materials are discussed
further with regardtowater losses in Section 3 of this paper.

Energysavings regarding water treatment operations are not nearly as significant as those regarding
pumping as seenin Table 24. Furthermore, water utilities are typically hesitant to alter operations
regarding treatment due to regulatory compliance (NEEP, 2018, p. 12). Therefore, water treatment
processes should not be a priority for E2 projects. Most academic papers found regarding treatment
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processes described new experimental treatment operations or computational methods for optimizing
new systems rather than energy efficiency opportunities, but some information has been gathered
regarding potential options. An academic study by Molinos-Senante and Sala-Garrido found that rapid-
gravityfiltration was significantly more efficient than pressure filtration, with average energyintensities
regarding filtration being 2 to 3 times less while achieving the same water quality (Molinos-Senante &
Sala-Garrido, 2018, p. 1098). Regarding filters that require backwashing, the WI FoE recommends that
WTPs sequence the backwashing of multiple filters rather than performing the backwashes all at once
and to backwash during off-peak times in order to reduce peak power demand (WI FoE, 2016, p. 53).
Expectedsavings are low, yet this O&M procedure has no cost so payback periods should be immediate.

Building energy alsorepresents a small portion of total water utility energy, but savings with moderate
payback periods may still be achieved. WRF found in 2011 that replacing lights with higher efficiency
options such as advanced (T8s, T5s) and compact fluorescent lamps (CFL) or LEDs may result in payback
periods of 2-3 years or less if rebates are available (Leiby & Burke, 2011, p. 26). WRF recommended that
a lighting maintenance program be established to cleanlights, as dirt and buildup can decrease light
output by up to 30%. Lighting energy use was estimatedto be 35-45% of the total building energy use.
However, American Water, a water utility in New Jersey, experienced payback periods of less than 2
years after replacing T-12 fluorescent light bulbs with T-8 alternatives (Leiby & Burke, 2011, p. 91). WRF
alsofound that installing new high-efficiency HVAC systems canreduce HVAC energy use by 20-40%
compared to systems from 1990-2000s (Leiby & Burke, 2011, p. 27). Installing control systems to
account for weather and building use patterns and automatically controlling operations may reduce
energy consumption by up to 20% as well. Replacing a single, older, large air conditioning or heating unit
with several smaller ones may reduce energy use by up to 40% as the parallel units may be operatedas
needed to match demand (Leiby & Burke, 2011, p. 27). Xcel Energy recommends performing energy
audits to uncover further opportunities to save energy, such as adding occupancy sensors or refining a
compressed air system as was done in Eden Prairie in 2017 (Xcel Energy, 2017, p. 1).

NEEP stated that barriers toimplementation for many best practices include lack of capital, little
incentive for employees to adhere to E2 principles, intentionally oversizing equipment, and regulatory
compliance making utilities neglect E2 opportunities (NEEP, 2018, pp. 12-13). Water utilities typically
hesitate totry new methods or equipment that could potentially affect water quality due to a lack of
understanding and an unwillingness to change old habits. Additionally, employees are not incentivized
to improve energy performance and often do not see a plant’s energy bills. Oversizing singular pieces of
equipment is done in preparation for future expansion and to meet design flows which may be
significantly higher than real flow demands. As a result, much of the energy used for pumping is wasted
due to necessarythrottling to regulate water pressure. Analternative discussed earlier was using several
smallpumps in parallel that can meet the same demands as a singular large pump while being able to
fine-tune the delivered flow at any given time. In the case where there is a lack of capital for E2 projects,
targeting O&M and staff behavior for potential savings is possible for a lesser cost. NEEP recommends
countering these barriers through SEM training programs to develop a WTP’s understanding of E2
opportunities, both regarding potential equipment and O&M options (NEEP, 2018, p. 21). Regarding this
issue, the WI FoE recommends appointing an energy manager tolead work on energy efficiency projects
ata WTP (WI FoE, 2016, p. 37).
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Water losses / leakage rates among WTPs

A 2018 comprehensive study at USU of water mains in the US and Canada found the average water loss
rate to be 10% with a standard deviation of 7.7% from a sample of 200 water utilities (Folkman, 2018, p.
38). The worst leakage rates reported were between 20-50%. The US EPA reported that the average
leakage rate was 16%, of which 75% is recoverable (EPA, 2013, p. 1). CNT estimated the average water
leakageratein the Great Lakes regionto be 14-18% (CNT, 2013, p. 3). Furthermore, between 1996 and
2010, the cost of water services in the US rose by nearly 90% partly due to increased water losses over
time (CNT, 2013, p. 2). It was found that the average and median water loss rates for 302 utilities in
Minnesota were 15.2% and 11.3% respectively in 2018 (ESPWater 2018 Muni Water Accounting
Spreadsheet, 2018) although 17 utilities reported gains ratherthanlosses. These losses are
characterizedbyreal and apparent losses. Reallosses are due to physical losses of water from leaks or
pipe breaks whereas apparent losses are due to water theft, metering inaccuracy, and data handling
errors in the billing process (EPA, 2013, pp. 1-2). As a result of water losses, drinking water production is
more expensive by a rate proportional to the water loss rate. Minimizing water losses is a direct wayto
decrease therequired load on all operations of the drinking water production process, particularly well
and distribution pumping and water treatment.

Table 28: Total length and break rates by pipe material.

Pipe Description Percentof 2012 Break Rate 2018 Break Rate Change
Material Total [breaks/(100 mi- [breaks/(100 mi-
Length yr)l yr)l

AC Asbestos Cement 13% 7.1 104 46%
Cl Cast Iron 28% 24.4 34.8 43%
CscC Concrete Steel Cylinder 3% 5.4 3.1 -43%
DI Ductile Iron 28% 4.9 55 13%
PVC Polyvinyl Chloride 22% 2.6 2.3 -10%
Steel Steel 3% 13.5 7.6 -44%
Other HDPE, PVCO, etc. 3% 21 124 -41%
Total 100% 11 14 27%

The USU study found the average failure rate of water mains to be 1 break per 7.17 miles per year or
14.0 breaks per 100 miles per year, as shown in Table 28 (Folkman, 2018, pp. 17, 24-25). Total break
rates have increased between 2012 and 2018, mainly due to aging castiron (Cl) and asbestos cement
(AC) pipes, indicating their need for replacement. The current average replacement schedule of water
mains is 125 years whereas the average age of failing water mains is 50 years, indicating a growing
backlog of needed pipe replacement (Folkman, 2018, p. 39). Polyvinyl chloride (PVC) was found to have
the lowest failure rate of all pipe materials. Furthermore, the USU study cited that through LCCA and
LCA, PVC pipes have both a lower cost of ownership and total carbon footprint than ductile iron (DI)
pipes (Folkman, 2018, p. 44). However, this contradicts the findings by the City of Saint Cloud discussed
in Section 2 regarding increased pumping costs due to a changein ID when using PVC pipes of the same
nominal diameter. The study cited by Folkman did not elaborate on if nominal or inner diameter was
equalized when calculating head losses for PVC and DI pipes, but their LCCA and LCA methodology is
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described in detail (Khurana, 2017, pp. 67-77). For expansion and replacement of water mains, itis
recommended that water utilities evaluate their options for pipe materials depending on cost of
ownership, stress requirements, and estimated head losses.

The USU study stated that the most common failure mode is a circumferential crack, often caused by
corrosion due to soil, especiallyin Cl and AC pipes (Folkman, 2018, p. 28). They found that for Cl pipes,
break rates were 20 times as large in high corrosivity soil versus low corrosivity soil (Folkman, 2018, pp.
35-36). For DI pipes, break rates were 10times as large. Cl pipes with leadite joints have higher break
rates thanthose with lead joints (Folkman, 2018, p. 31). Leadite and cast iron have different coefficients
of thermal expansion, causing internal stresses that canleadtolongitudinal splits in the pipe bell.
Additionally, the sulfur in the leadite can cause pitting corrosion, leading to circumferential breaks near
the joint at the spigot end. The USU studyfound that constructionrelatedfailures are most relevant in
Dl and PVC pipes, indicating that construction methods regarding underground construction and
maintenance should be improved (Folkman, 2018, p. 37).

Performing water audits can help to discover problems leading to water loss such as leakage from
supply pipes. Leaks and water theft may then be located through system flow monitoring, visual
inspection, or leak detection equipment. The results of water audits and water loss location can lead to
intervention in order to fix the discovered problems. Following this, the effectiveness of the actions
should be evaluated and the water audit cycle may be iterated upon. Performing audits should be a
regulartaskata WTP to ensure that water loss is handled effectively.

Table 29: Descriptions, costs, and savings of several waterauditing case studies (NRDC, 2015, pp. 3-4).

Case Study Description Total Cost Savings Payback Period
Tennessee, Waterauditing and corrective S$2.7M $24.4M per year 38 days
1988 actions were done to reduce

waterloss in atotal of 278 water
utilities.
California | A 37k customer water utility $200k $300k+ per year 8 months
Utility identified leaks and apparent
losses over a period of twoyears
through water auditing and
interventions.
Philadelphia = The active leak detection $800k per year | $2.5M per year 4 months
Water programregularly checks for
Department leaks and performs corrective
actions to minimize water losses
year-round.

The NRDC states that typical methods of intervention following a water audit include fixing water main
leaks through repair or replacement and fixing or replacing customer water meters (NRDC, 2015, p. 1).
The costs and results of these actions vary greatly yet are typically expected to have short payback
periods in most cases. Ina Georgia case study, it was found that testing and repairing commercial water
meters for customers with more than $10k in annual water bills would yield on average $924 or more of

Determining the Energy Efficiency Opportunity Potential at Minnesota Drinking Water Utilities
Minnesota Technical Assistance Program 60



Appendix A: Literature Review

recovered revenue per account per year, equating to a payback period of about 1 year for a service cost
of nearly $1,000 (NRDC, 2015, pp. 6-7). The NRDC also states that Philadelphia saved $23 million in total
from 2000-2013 by controlling leakage and apparent losses (NRDC, 2015, p. 4). The results of the city’s
active leak detection program are shown in Table 29 along with two other relevant water auditing case
studies.

To perform water audits, the AWWA Free Water Audit Software incorporates the M36 manual
methodology into a computer program. For many WTPs, this is the preferred method of performing
water audits. However, CNT reports that many WTPs still do not use this best practice tool (CNT, 2013,
p. 7). For WTPs that want to try out a simpler method of water auditing first, the EFCN Water Audit
Handbook for Small Drinking Water Systems is a useful option (EFCN, 2013, p. 30). After trying this
simple method, a water utility can decide on pursuing more advanced options for further detail
regarding their water losses.

User water intensity among WTPs

The AWWA survey (Carlson & Walberger, 2007, p. 19) found water use per capita served ranges from 50
gallons per day per capita to greater than 1000 gpd, with the most frequent use ranging from100-
250gpd peaking at 150 gpd. Consumption above 250 gpd likely indicate significant industrial use. A 2016
WRF study found a median residential water consumption of 83,000GPY per household (DeOrea, Mayer,
& et.al., 2016, p. 4) (or 86gpd per capita). The WRF study also found indoor water use averaged 52gpcd,
with the largest uses toilets (24%), showers (20%), faucets (19%), clothes washers (17%) and leaks (12%)
(DeOrea, Mayer, & et.al., 2016, p. 5). The change in water use since a 1999 WRF study, with a different
population, was a 15 decrease per capita (DeOrea, Mayer, & et.al., 2016, p. 8).Looking at outdoor water
use, the WRF study found 13% of households irrigated at very high levels (140-more than 300% of
theoretical plant needs) (DeOrea, Mayer, & et.al., 2016, p. 6). A USGS spreadsheet estimated Minnesota
public water use by county ranges from 22-97 gpcd (Dieter & et.al., 2018) with an average of 55gpcd
(Dieter & et.al., Estimated Use of Water in the United States in 2015, 2018, p. 23). AMN DNR
spreadsheet covering 301 municipalities shows median residential water use is 50gpd per person but
ranges from 20-233gpd, with nine municipalities having average residential consumption greater than
100gpd per capita (ESPWater 2018 Muni Water Accounting Spreadsheet, 2018).

Water Use intensity information may allow us to evaluate the potential for water conservation programs
as an approach to energy conservation at water utilities. A disincentive to water conservationinitiatives
is “Ifless wateris sold, then revenues drop. Because many of a utility’s costs are fixed (e.g., the capital
costs of existing infrastructure), conservation candrop revenue (income) faster thancosts” (Kenney,
2014, p. 37). Conservation can result in “demand hardening” where in cases of drought or water supply
pressure, it becomes difficult for the systemto quickly lower volume if needed (Kenney, 2014, p. 39\).
Declining rate structures, that is the cost of water becomes smaller as the volume of use becomes
larger, are now out of favor because they tend to encourage excessive use and they cannot be fiscally
justified unless the cost of providing water declines with increasing volume (Kenney, 2014, p. 40), which
generally occurs only in bill preparation.
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Interview Form

1. Descriptionof the utility’s operation:
# & types of Customer; key customers
Water source(s)
# of wells, capacities, pump parameters (power, voltage, phase, curves), and depths
Treatment description— disinfection, softening, FE, other; elevations
Distribution description - # towers/reservoirs; elevation; customer pressure
Operational Issues or problems that constrain options
Are you a member of a Trade associations?:

MN Rural Water Association— MRWA

Mn Wastewater Operators Association- MWOA

Water Environment Federation (WEF)

Water Research Foundation (WRF)

American Water Works Association (AWWA)

Other...

Do they provide useful Energy or water conservation resources or assistance?
Have your worked with energy utilities to identify, or implement energy conservation?
Who do you work with to?:

procure key equipment e.g. pump suppliers?

for key equipment maintenance, e.g. pump overhauls?

for plant design / engineering?

Is energy efficiency part of the procurement discussion? How?

2. Currentenergyuse at WTPs —average & range
# of electric bills & what they cover
Energy for water acquisition (kWh/MG)
Energy for water treatment (kWh/MG)
Energy for water distribution (kWh/MG)
Other
‘Energy cost of water’ benchmarks used

3. Energyconservation accomplished
What has been tried; how were opportunities identified?
Do you Benchmarkenergy? How? (kWh/MG)
How was conservation done?
What were the results and how much energy was saved?
How did you pay for E2 changes? Are there barriers tofunding E2?
Conservationapproaches that apply
Operations energy — pumps, drives etc.
Operations Controls
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Building energy — lights, ventilation

Leak / non-revenue water reduction
Current loss rate

Customer conservation

4. Energyconservation potential within utility operations
What types of energy efficiency (E2) options exist for?:
1. well pumps.
2. waterdistribution systems (pumps, etc.)
3. other treatment operations (filtration, separation etc.) [determine relative significance if
possible — is this important?]
4. control systems, automation, improved maintenance [determine relative significance if
possible — is this important?]
5. lighting, HVAC & building uses [determine relative significance if possible — is this
important?]
What types of best management practices have been established for these E2 opportunities?
What energy savings are possible, and likely for each opportunity —average and range?
What is the cost of implementation for E2 opportunities?
Barriers toimplementation

5. Waterlosses/leakage rates among WTPs
What are system Leakrates —average and range?
What are common causes or sources of leaks? & which are most important?
Leak reduction methods, costs, and reduction by type
Are there other resources thanthe M36 manual (AWWA water audit manual) that cover
distribution water loss?

6. Customeruseintensity & conservation potential/barriers
Gallons per household
Gallons per business —by type
Gallons per acre for irrigation
Are there conservation opportunities at end-users / customers that would reduce water
extractionand resulting energy use (also delay system expansion)?
Do you have a customer water conservation program? Structure? Impact?
What are the barriers or disincentives to customer conservation programs?
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WT4

An informational interview was completed on October 29, 2019 between MnTAP and WT4 staff. An
assessment was completed throughout the following year. Two major analyses were completed, 1)
verifying the energy savings associated with well rehabilitation and 2) simulating increased well
efficiency prioritization. We were unable tosufficiently differentiate between well pump replacement
and well rehabilitation, so this analysis was primarily focused on well rehabilitation. This analysis
indicated an energy savings of 120,000 kWh/yr that the city is already realizing by rehabilitating each
well on a seven year cycle. This corresponds to a cost savings of $9,600 per year and constitutes 2% of
the total energy used by the utility. The simulation of further well efficiency prioritization indicated a
possible savings of 465,000 kWh /yr which corresponds to a $37,000 annual savings and would be an 8%
reduction in total energy use. The analysis on efficiency prioritization shifted the hours that pumps were
run to pumps that had a lower specific energy on a rolling 12-month average. This is subject to change
depending on specific well water quality and other parameters affect actual well utilization. The savings
values are displayed in Table 30.

Table 30: Savings potential from past and future energy savings opportunities.

Opportunity Annual Energy Savings Annual Cost Savings
(kwh)
Well Rehabilitation 120,000 $9,600
Well Pump Efficiency Prioritization 465,000 $37,000

Customer conservation was alsoanalyzed to determine the impact of rebate programs on water
pumped, and ultimately on energy consumption. The analysis conducted showed a reduction in the
gallons per capita for WT4 of approximately 3 gallons per capita per day every year between 2014 and
2019. This reduction did not show a corresponding reduction in energy use by the utility which is still
under investigation.

WT10

An informational interview was completed on December 3, 2019 between MnTAP and WT10 staff. An
assessment of the drinking water treatment system was completed throughout the following year. The
primary analysis completed was verifying the energy savings associated with well pump replacement

and well pump efficiency prioritization. These two analyses indicated an energy savings of 380,000
kWh/yrand 210,000 kWh/yr, respectively that the cityis already realizing. These two energy savings
together correspond to a $47,000 per year savings in electricity consumption and constitute 6% and 3%
of total energy use, respectively.

Two other opportunities were identified that could potentially save energy in the future: prioritizing
booster pumps based on efficiency and tuning each well pump’s variable frequency drive (VFD) to match
the best operating point for each pump. These two opportunities need more analysis but have the
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potential to save 15,000 kWh/yrand 64,000 kWh/yr, respectively. The savings from these analyses and
opportunities arelisted in Table 31.

Table 31: Savings potential from past and future energy savings opportunities.

Opportunity Annual Energy Savings Annual Cost Savings
(kWh)
Well Pump Replacement 380,000 $30,000
Well Pump Efficiency Prioritization 210,000 $17,000
Booster Pump Prioritization* 15,000 $1,200
VFD Optimization* 64,000 S5,100

*Opportunities need more analysis before implementation.

Customer conservation was alsoanalyzed to determine the impact of rebate programs on water
pumped, and ultimately on energy consumption. The analysis conducted showed a reduction in the
gallons per capita for WT10 of approximately 3 gallons per capita per day every year between 2012 and
2019. This led to a 2019 pumping totalthat was 87 MG less thanthe 8-yr average and a 2019 energy
total 110,000 kWh less than the 8-yr average.

WT8

An informational interview was completed on November 21, 2019 between MnTAP and WT8 staff. An
assessment was completed throughout the following year to identify energy savings opportunities. The
primary opportunity identified was to reduce water losses by performing leak detection and identifying
significant sources of water losses. Repairing these water losses will result in an estimated energy
savings of 53,100 kWh per year, $5,700 in annual energy costsavings, and $12,900in annual overall
cost savings when combined with chemical costs for treatment. This represents a 30% reduction in
energy usage whichis larger than other sites due to an unusually large leak rate at WT8.

WT14

An informational interview was completed on January 14, 2020 between MnTAP and WT8 staff. An
assessment was completed inthe following year to identify low or no-cost energy savings opportunities
for WT14. The purpose was to find strategies for adjusting operations to reduce energy consumption
and operating costs. The primary analysis completed was verifying the energy savings associated with
well pump efficiency prioritization and optimizing distribution pump utilization based on pumping
efficiency is on-going (Table 32). This involved simulating 2018 water production with 2019 utilization as
well prioritization was initiatedin 2019. By compared 2018 and 2019 relative well pumping and energy
usage a savings of 43,000 kWh and $1,500 per year was identified. A similar opportunity was identified
for distribution pumps, but an in-depth analysis was not completed due to insufficient data. An
estimated 21,000 kWh and $730 per year could be saved with this process change.
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Table 32: Summary of analyses and opportunities for energy reduction.

Opportunity Annual Energy Savings Annual Cost Savings
(kWh)
Well Pump Efficiency Prioritization 43,000
Distribution Pump Prioritization* 21,000
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$1,500
$730

*QOpportunities need more analysis before implementation.

WT2

An informational interview was completed on October 15, 2019 between MnTAP and the City of WT2

Water Treatment Plant. An assessment was completed throughout the following year to identify energy
saving opportunities for the WT2 Water Treatment System. The primary opportunity identified for WT2

was the installation of VFDs to eliminate well throttling. The primary analysis completed was verifying

the energy savings associated with eliminating well throttling and altitude valves by installing VFDs. It is
estimatedthat VFD installation saved 46,000 kWh and $9,000 annually. These findings are summarized

in Table 33.

Table 33: Realized savings from VFD installation on well pumps.

Opportunity Annual Energy Savings Annual Cost
(kwh) Savings ($)
VFD Installation 46,000 $9,000
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Demand charges are a tool electrical utilities use to assure they have system capacity to supply the
maximum electrical usage of their customers individually and as an aggregate. Demand charges are
typically structured based on continuous measurements of kW and charging demand on the highest
average kW for a predetermined interval (usually 15-20 min) for that month. Demand charges for most
manufacturing or large institutional customers provide an incentive to avoid peak usage, and
encourages energy efficiency.

For industrial and institutional customers the demand charge rate structure works well and accurately
reflects their usage — if production goes up, more equipment goes online, and electrical consumption
increases. These large customers typically have one location with relatively few electric meters, and
metered consumption is proportional to production. For most large customers with more than one
electric meter, while loads fed by one meter may affect loads fed by a second meter, the loads are
generally used for different purposes - parallel loads are not on different electric meters — if production
goes up, loads on all of the meters are needed to meet that increased production. Inthis case the
demand charge reflects the electrical use, and especially the peak use by that customer.

Water utilities are different — their operations are geographically spread out, with multiple electric
meters for pumps (especially wells) that operate in parallel and are used interchangeably. Water
utilities, on a seasonal basis, canact like traditional customers, with water production increasing in the
summer with more pumps brought on line and aggregate electrical consumptionrising with water
production. But for large parts of the year, they are rotating and exercising their pumps to keep run
hours relatively equal. In addition, the DNR requires many water utilities to run monthly drawdown tests
for each well on sensitive aquifers. These tests require the water utility to run each well for 30-60
minutes every month regardless of what the current water production needs are. Inthis situation, the
high demand intervals on each meter bear no relation to system water production or to total electrical
consumption for the whole system.

A few more sophisticated WTPs will select pumps for operation based on their efficiency. However, for
many WTPs, demand charges create incentives to run less efficient equipment more than is needed. A
WTP exercising an inefficient well pump will pay the same demand charge torun it for 4 hours to verify
its operability and get the bearing lubricated, as they would to run the pump for a month (720 hours). In
this situation it makes sense to run the pump longer to spread the demand charge over more gallons
pumped.

Water utilities general operate with multiple electric meters, each with its own billing structure. Of the
15 water utilities interview, 9 had sufficient data to determine whether demand charges were applied.
These 9 systems had 58 meters, and 44 of the meters had a rate structure that included demand
charges. As anexample: Water system WT14 has 12 electric meters, six meter reading patterns, and 2
rate structures (eleven electric meters using a demand charge and one using a blended electrical usage
rate). WT14 has four wells on their own electric meter; there are four pairs of wells on a meter — one of
these pairings is also combined with the main filtration plant; one well is paired with a second filtration
plant; and three other meters for booster stations or reservoirs witha boost pump.
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The meter reading patterns were mostly similar with readings generally occurring during the first week
of the month, but in any given month, the reading date on one meter could be up to four days different

from the reading date for another meter. Although, each bill from Xcel Energy has the next meter read
date, it is still difficult to manage demand because:

1. For some Cities, plant staff do not see the electric bills — another City department deals with the
bills.

2. There isstill the question of the time of day the meters are read.

3. Even with all the information needed, the effort to optimize for demand is significant — staff
cannot plan, for example that the first and second days of the month are when pump exercising
should be done.

For WT14, the $2,600 annual savings for well optimization (see WT14) at 2019 production levels is
erasedif the demand on any one well is not adequately controlled for a bit over two months.

Possible solutions:

1. Ideally the electric utility would treat drinking water utilities as the systems theyare and charge
demand on the high kW draw for the system rather thanon each electric meter individually. A
barrier to this approach is it would require coding to monitor and combine readings from groups
of meters.

2. Electric utilities could make it easier for water utilities to manage their demand by:

a. Standardizing the meter reading dates so all readings for billing purposes are identical
for all meters in the system

b. Making the reading date and ideally a time window for readings transparent and known
to water utility staff. Ideally, that time window would be at a low water demand time,
such as midnight to 6am.

3. Chargeablended electrical rate that does not have a separate demand charge.

4. Water utilities could minimize demand charges by any of the following.

a. Exercising low-use pumps at the lowest speed that provides productive flow and
increase speeds to test desired flow rates for a timed intervalthat is less than the
demand chargeinterval.

b. Except during the highest water production months, where two wells are on the same
meter, one pump should be shut off before starting the second pump.

c. RunDNRrequired draw-down tests at the beginning and end of a billing period sotwo
tests arerunin a single billing period, while zero are run in the next billing period — if
DNR rules allow this).

d. Run pumps as long as possible — run small pumps continuously as a base load.
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Table 34: Opportunity summary table.

Opportunity ID Savings Potential Sector Potential CostRange Incentive
Pump/well Target 8% of acquisition e 14,100,000 e Measurement— Incentivize # of
Rehabilitation: groundwater energy kWh/yr low cost gallons a more
Period maintenance sites (95% of Additional 1-2% if e Rehabilitation— efficient pump
on pumps and wells sites) measuring specific medium produces for 2 years
basedon schedule or energy going forward
specific energy 70 — 110 kWh/MG compared to

baseline pump use
Incentivize
rehabilitation
activities
Pump Optimization: Screen specific 46-180 kWh/MG o Wells: e Measurement— Incentivize # of
Optimal pump energy:amp & average 120 14,300,000 low cost gallons a more
selection, including flow snapshots kWh/MG kWh/yr e SCADA efficient pump
use of shallower Use pumping shallow wells: e Distribution: measurement — produces for 2 years
wells level chart to 500kwh/MG-100ft 2,150,000 significant going forward
estimate kWh/yr e Lrgsystem control compared to
potential software - baseline pump use
significant
Pump Optimization: VTP vs VTP have 10% eff [e 8,280,000 e Well house — Incentivize
Pump design at submersible advantage kWh/yr significant equipment purchase
replacement Evaluation of 670 kWh/MG e Costpremium
pump curves average unknown
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Opportunity ID Savings Potential Sector Potential Cost Range Incentive
VFD Installation and Presence of a e 30% seen; no e N/A e VFD Installation— Standard VFD
Optimization: throttling valve further claimed medium incentive

Eliminate throttling

with at least
some restriction

Better—compare
specific energy

A pump with before & afterand
significantly apply tothe gallons
greater flow produced
capacitythan it
produces
VFD Installation and Use pumping e 1-3% of pump e 1,900,000 e Measurement—low Incentivize # of
Optimization: BOP level chart to energy kWh/yr cost gallons a more
estimate e SCADA efficient pump
potential measurement— produces for 2 years
significant going forward
e Change-low cost compared to
baseline pump use
VFD Installation and Evaluateif e 1% of pump e N/A e Engineering Incentivize
Optimization: system has energy where analysis to verify engineering study
Friction loss horizontal pipe friction is the amount of
reduction lengths at least significant friction loss and

100 times the lift
height
Comparethe
pump head with
the lift height

the potential for
reduction
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Opportunity ID Savings Potential Sector Potential Cost Range Incentive
Customer e System peaking e 750-860 e 1,150,000 e Medium e Rebatefor purchase
Conservation: factor kWh/rebate kWh/yr e Pay WTP to prohibit
Irrigation (DNR/MnTAP) / penalize irrigation

during peak energy
events (load shift)

e Paylargeirrigators
tointerrupt
irrigation during
peak events

Customer e Gallons per capita | ® 5-20 kWh/rebate | e 1,500,000 e Low to medium e Rebate for purchase
Conservation: e Ageof housing (DNR/MnNTAP) kWh/yr

Shower heads, stock

aerators, toilet,

washers,

dishwashers

Customer NA e 1-170 kWh/rebate | e 85,000 e Medium e Rebate for purchase
Conservation:Other (DNR/MnNTAP) kWh/yr

— commercial,
rainwater, audits

SystemLoss e DNRreported e 2.5-31%reduction | e 190,000- e Smallleak e |ncentivizeon
Reduction: Leaks lost rate >10% of distribution 2,380,000 monitoring: number of leaks
losses kWh medium repaired

e Repair: medium —

large
SystemLoss e Hydrantleaks are | ¢ 0.4-2.3% e 28,000- e Medium e Incentivize number
Reduction: Hydrant identified reduction of 176,000 kWh of leaks repaired
repair e Flushing occurs distribution losses ¢ Noincentive needed
without a for procedure
procedure improvement
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Opportunity ID Savings Potential Sector Potential Cost Range Incentive
SystemLoss e Treatmentloss e 2.3-43%reduction | ¢ 48,000- e Medium e Depends on solution
Reduction: volume of treatment 890,000 kWh — possibly incentivize
Treatment efficiency losses equipment purchase
SystemLoss e Maxpressure80 |e 1.4%reductionof | e 100,000kWh |[e Medium e Incentives are
Reduction: Pressure psi distribution losses unlikely
control e Minimum

pressure 35 psi
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