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ABSTRACT

The New York State Energy Research and Development Authority (NYSERDA) sponsored a research
program to evaluate submetering at municipal wastewater treatment plants (WWTPs) throughout New
York State. The purpose of the program was to obtain detailed electric power use information through
submetering various unit processes and equipment and to determine if that information is a cost-effective
tool for identifying energy conservation measures. A secondary goal of the program was to identify and
evaluate energy cost-savings measures at WWTPs and make the findings available to other facilities in

New York State.

NYSERDA selected two project teams to perform submetering evaluations at a total of 19 facilities
statewide. A total of eight facilities across the state, varying in sizes from 3.5 MGD to 135 MGD,
participated in Malcolm Pirnie / Siemens’ part of the submetering program. Submetering at each facility
was conducted over a six-to-eight week period, along with a simultaneous process data collection effort for
the processes being submetered. The submetering and process data were evaluated to develop an energy
usage breakdown by different WWTP processes. Additionally, the data were evaluated to establish

benchmarks for energy consumption per MGD of treated wastewater and pound of BOD destroyed.

The data collected were used to identify energy-savings opportunities, including capital and operational
modifications, lighting and heating, ventilation, and air conditioning (HVAC) improvements, onsite
generation potential, as well as participation in various peak-shaving / peak-load reduction programs. The
recommendations aggregated over the eight facilities represent an annual cost savings of approximately
$6.4 million, or 15% of the current total energy costs. The associated energy usage saving is
approximately 5,200,000 kilowatt hours (kWh), or 9% of the current total annual energy usage. The
payback period ranges from approximately 1 year to 8 years. Based on the outcome of this study, it can be
concluded that submetering is an effective tool for identifying energy-savings opportunities at most

facilities.
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EXECUTIVE SUMMARY

The New York State Energy Research and Development Authority (NYSERDA) sponsored a research
program to evaluate submetering at wastewater treatment plants (WWTPs) throughout New York State.
The purpose of the program was to obtain detailed electric power usage information through submetering
various unit processes and equipment to determine if that information is a cost-effective tool for
identifying energy conservation measures. In addition to evaluating the usefulness of submetering, a
secondary goal of the program was to identify and evaluate energy cost-savings measures at WWTPs and

make the findings available to other facilities in New York State.

Traditionally NYSERDA has provided engineering assistance through FlexTech and Technical Assistance
programs, for which detailed information can be found at www.nyserda.org. These programs have been
tailored toward supporting customized studies that evaluated energy efficient solutions for site-specific
concerns typically based on desktop estimates of energy consumption at these sites. Since 1997,

NYSERDA has contributed more than $1.5 million toward more than 75 such studies across New York State.
The submetering study focused on obtaining relatively detailed field data for energy consumption by
individual wastewater treatment processes and using that information for developing and evaluating energy

saving alternatives.

The goals of the submetering study were:

® To combine real-time WWTP process operating data with submetered energy

usage data to identify energy and operating cost-savings opportunities

® To determine if detailed submetering of WWTP processes provides a cost-

effective tool for improving plant efficiency

® To disseminate benchmarked process-specific information and energy-savings

opportunities to other facilities across New York State

The submetering study was conducted through a Research Team agreement between Malcolm Pirnie and
Siemens Building Technologies. Malcolm Pirnie was responsible for process data collection and review,
evaluation of energy-savings opportunities through capital or operational modifications, and report preparation,
as well as for overall communications between NYSERDA, facility personnel, and Siemens. Siemens was
responsible for installing submeters, conducting continuous and instantaneous submetering programs,
evaluation of energy-savings opportunities through changes in lighting and heating, ventilation, and air-

conditioning (HVAC), in addition to evaluation of on-site generation alternatives.
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The submetering program was conducted at eight facilities across New York State that represent a range of
flows, state geographic regions, and treatment plant configurations. The facilities that participated in this
submetering study are already proactive in identifying and implementing cost-effective energy-saving
measures. Despite that, the submetering program was able to identify numerous energy-savings

opportunities. Among them are capital improvements and replacement for major process equipment, HVAC
and lighting improvements, operational modifications, participation in peak load or demand reduction programs
administered by the New York Independent System Operator (NYISO), and use of digester gas for co-

generation.

One of the most common recommendations at the eight facilities was installation of more energy-efficient
equipment (e.g., premium efficiency motors and variable speed drives), that has the greatest impact on
reducing energy usage on equipment that is run constantly for long periods of time. These and other
recommendations from the studies, aggregated over the eight facilities, represent an annual cost savings of
approximately $6.4 million, or 15% of the current total energy costs. The associated energy usage savings
are approximately 5,200,000 kilowatt hours (kWh), or 9% of the current total annual energy usage. The
payback period ranges from approximately one year to eight years. Table ES-1 summarizes the

recommendations and associated costs, savings, and payback periods.

Furthermore, the study results and recommendations can be used by other facilities to evaluate if current
operations result in typical / benchmarked energy usage for treated wastewater volume, and organic and
solids loadings, as well as if current equipment and processes would therefore have the potential to benefit
from energy-reducing modifications that were evaluated as part of this study. At the eight facilities
submetered, approximately 65% of the energy usage was attributed to wet stream treatment processes, such
as wastewater pumping; preliminary treatment, including bar screen and grit removal; secondary treatment,
including activated sludge, trickling filter, and rotating biological contactors; advanced treatment; and
disinfection. Trends in the submetered data demonstrate that the unit energy usage for treatment decreases

as average flows and loadings increase, due to the “economy of scale” for larger facilities operations.

Based on the outcome of the study, it can be concluded that submetering is an effective tool for identifying
energy-saving capital improvement measures at most facilities, regardless of facility design capacity.
Although many of these evaluations could have been done without actually submetering the processes and
equipment, submetering provided more accurate estimates of energy consumption and, therefore, the
potential energy savings associated with the recommended improvements. In instances where the initial
evaluations were performed prior to this submetering project, submetering and the associated evaluations
provided significantly more accurate estimates of the energy savings and financial outcome of the project.
Submetering provides the “concrete confirmation” of payback that many facilities want before authorizing

projects.
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From the viewpoint of improving facility operations, submetering is a more useful tool for medium and
larger sized facilities that have multiple shifts staffed, affording these facilities the flexibility to shift

loads that smaller facilities could not implement. However, the true measure of such savings is facility-
specific and should consider labor costs as well. A parallel submetering program, conducted by Sterns and
Wheler, focused on 11 facilities ranging in capacity from 0.8 MGD to 20 MGD. Additional insight on the
effectiveness of submetering in identifying energy-saving measures can be found in the project report

available from NYSERDA.
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evaluation of energy-savings opportunities through capital or operational modifications, and report preparation,
as well as for overall communications between NYSERDA, facility personnel, and Siemens. Siemens was
responsible for installing submeters, conducting continuous and instantaneous submetering programs,
evaluating of energy-savings opportunities through changes in lighting and heating, ventilation, and air-

conditioning (HVAC), and evaluating on-site generation alternatives.

1.4 PROJECT TASKS AND REPORT STRUCTURE

The following tasks were completed in conducting the study:

o Site Selection

e Individual Facility Evaluations
®  Historical Performance and Energy Data Review
®  Submetering and Process Data Collection

®  Identification of Energy-Savings Opportunities (Capital, Operational, and
On-Site Generation)

® Knowledge Transfer

This report summarizes the results of these tasks in the following sections:

Section 2 — Selection of Participating Facilities. This section summarizes the site selection process, the

development of the potential candidates list, qualifying criteria, and the final participants.

Section 3 — Data Collection Program. This section summarizes the implementation of the continuous
submetering program and instantaneous measurements. A submetering location summary, aggregated over
participating facilities, is presented. Also summarized is the process performance data collection effort that
was conducted simultaneously with the submetering program. Average flows and organic loading

(biochemical oxygen demand [BOD]) data are presented as well.

Section 4 — Benchmarks. This section combines the results of the submetering and process data collection
programs into a set of benchmarks across the participating facilities. These benchmarks provide an
indication of energy usage normalized by plant flow, and organic (BOD) removal, as well as energy

consumption distribution by wastewater processes.

Section 5 — Recommendations, Potential Funding Sources, and Findings. This section briefly
summarizes the recommendations for each of the participating facilities and the estimated savings.
Potential funding sources available to facilities for implementing the recommendations are discussed. This

section concludes with a discussion of the applicability of the recommendations to other facilities in New
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York State as well as the effectiveness of submetering as a tool for identifying viable, cost-effective

energy-savings opportunities at WWTPs.
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Section 2

SELECTION OF PARTICIPATING FACILITIES
2.1 QUALIFYING CRITERIA
Because the submetering study was funded through the System Benefits Charge (SBC) program, a

participating facility was required to be a customer of one of six utilities in New York State that support

the SBC program:

Central Hudson Gas and Electric Corporation

® Consolidated Edison Company of New York, Inc.
® New York State Electric and Gas Corporation

® Niagara Mohawk Power Corporation

e  Orange and Rockland Utilities, Inc.

® Rochester Gas and Electric Corporation

Additionally, qualifying facilities were also required to contribute a 25% cost-share in the form of cash, in-

kind services, or equipment purchasing.

2.2 DEVELOPMENT OF CANDIDATE FACILITIES MATRIX

The selection of representative wastewater treatment plants (WWTPs) is essential for the resulting

data to be valid for technology transfer to other facilities. Accordingly, a candidate site matrix was

developed, based on information regarding over 600 facilities in the New York State Department of
Environmental Conservation (NYSDEC) "Descriptive Data of Municipal WWTPs in New York State" database,
December 1999. This database contains WWTP design capacity and treatment process information, as well as
location and contact information. The database is maintained and updated by NYSDEC. The December

1999 update was the most recently available database at the time facilities were chosen for participation in

the submetering study.

The facilities in the database were characterized by three parameters:

® Design Capacity

®  Geographic Location (based on energy service provider)

2255-063 2-1 ENERGY PERFORMANCE EVALUATION
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® Treatment Process

The design capacity of a facility may impact a number of parameters, including economies of scale, process
technologies, and operational staffing. Therefore, it was important to ensure that the participating facilities
fell into a range of design capacities that were representative of the wider range of facility design capacities
in New York. Based on these considerations, the following design capacity ranges were established for the

purposes of selecting representative participating facilities:

® Less than or equal to 1 MGD

®  Greater than 1 MGD to less than or equal to 5 MGD

®  Greater than 5 MGD to less than or equal to 10 MGD
®  Greater than 10 MGD to less than or equal to 20 MGD

®  QGreater than 20 MGD

A preliminary number of facilities within each design capacity range was then identified, based on both the
total number of facilities and the aggregate design capacity for the facilities within each design capacity

range.

Figure 2-1 presents a count of the number of New York State facilities by design capacity, and Figure 2-2
presents aggregate design capacity of the same facilities by design capacity. Although 60% of the facilities

in the database are those with design capacities of less than 0.5 MGD, these facilities account for less than 1%
of the total treatment capacity in the state. Additionally, while the facilities with design capacities greater
than 20 MGD account for only 5% of the total facilities in the state, those same facilities account for 78%

of the total treatment capacity in the state.

Based on the potential for impact, it was decided to focus the study on facilities with design capacities
greater than 1 MGD and to identify potential facilities in each of the four remaining design capacity ranges.
Facilities in these design capacity ranges represent 28% of the total number of facilities in New York State
and 97% of the total treatment capacity in the state, as documented in the December 1999 WWTP
Database.

WWTP participants were also selected to represent different types of treatment plant wet- and dry-stream

processes. The three process areas considered for creating the candidate site matrix were:
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®  Six facilities had suspended growth while two facilities had fixed film secondary treatment
process. These facilities were further subdivided as follows:

®  Suspended growth — four conventional activated sludge, one high purity oxygen activated
sludge, one oxidation basin

®  Fixed film — one trickling filter, one rotating biological contactor / trickling filter combination

e Three facilities practiced sludge incineration while five facilities used landfill disposal

Four of the six qualifying power supply utilities were represented, providing a diverse geographic
dispersion among the participants. Figure 2-3 presents the locations of the facilities along with their
associated power supply companies. These eight facilities represent 6% of the total treatment capacity in

New York State.

It should be noted, however, that the final selection of facilities for inclusion in this study was highly
affected by the proactiveness and willingness of the facility / community leaders to participate in this
research program. Many of the facilities have already implemented a number of energy saving
improvements prior to this study. Therefore, although the selected matrix of facilities is representative of
different design capacities, geography, and wet and dry stream processes, the study findings in terms of the

energy savings may not be completely representative of all facilities in New York.
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in conjunction with submetered and process data to determine benchmarks and to identify energy-savings

opportunities.

Typical process parameter data that were collected at the facilities during the submetering period included:

Influent flow
® Influent, primary effluent, and plant effluent BODs or CBOD;s
® Influent, primary effluent, and plant effluent TSS

® Influent, primary effluent, and final effluent ammonia and / or total kjeldahl
nitrogen (TKN)

®  Activated sludge process RAS and WAS flow rate and suspended solids
®  Secondary treatment process effluent CBOD;s and dissolved oxygen (DO)
®  Primary sludge quantities

e Digester feed sludge quantities and total volatile solids percentage

e Digested sludge quantities and total volatile solids percentage

® Digester gas production

®  Plant effluent DO

®  Oxygen generation data - flow, oxygen gas purity, and vent gas purity, for high
purity oxygen processes

®  Plant water flow rate and pressure

Not all the parameters listed were collected at every facility that participated in the study. Rather, the list is
exhaustive of parameter data that were collected at one or more of the participating facilities. Typically,
data were collected as part of the routine data collection practiced at the facilities as part of compliance
activities with the National / State Pollution Discharge Elimination System (N/SPDES) Permit. If
additional data were collected for the submetering study, the effort was counted toward the facility’s

required 25% cost-share requirement.
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benchmark results do not demonstrate this, most likely due to local facility conditions. For example,
although Chemung uses fixed film for secondary treatment and therefore a lower energy usage would
be expected, the influent to Chemung is dilute / weak (i.e. has low BODjs loading) due to infiltration and
inflow in its collection system that results in higher energy usage per pound of BODs removed. Figure
4-5 demonstrates that as the average plant BODs loading decreases, energy usage per pound of BODjs
removed increases. South Fallsburg also uses fixed film and so would also be expected to

consume less energy for BOD; removal, but actually has significant energy usage for wastewater

pumping due to the plant’s layout.

Figure 4-6 presents submetered solids handling energy usage per pound of TSS removed versus average
TSS loading during the submetering period. The facilities have been differentiated in terms of those with
incineration (Albany North, Frank E. VanLare, and Tonawanda) versus those that landfill (Chemung,
Gloversville-Johnstown, Ithaca, South Fallsburg, and Wallkill) to establish trends in energy consumption
for those facilities with incineration and those facilities that landfill. While the facilities with incineration
are generally expected to use more energy for solids handling, they also, typically, have hgher solids
quantities. Similar to other benchmarks, it appears that the “economy of scale” governs the unit energy

usage, i.e. energy usage per pound of TSS removed decreases as TSS loading increases.

These benchmarks all demonstrate that as flows and loadings increase, unit energy usage for treatment
decreases. Essentially, based on this limited dataset, it appears that the size of the facility (design capacity
and average flows) is more critical in its energy consumption due to the inherent economies of scale in

wastewater treatment at larger facilities.
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Table 5-1

New York State Energy Research and Development Authority
Municipal Wastewater Treatment Plant Energy Evaluation

Summary of Energy-Saving Measures Implemented Prior to Submetering

Facility Energy-Saving Measures Implemented Year
*Retrofitted fine-bubble aeration system into each of three aeration basins 1995
*Replacement of three influent pumps to include VFDs, pump control, SCADA system, and overhead 2000
crane modifications, and air conditioning for the MCCs
Albany North
*Replacement of existing motors with premium efficiency motors and addition of VFDs on three plant 2003
water pumps, three plant air compressors, two incinerator induced draft fans, and two incinerator drives
*Replacement of incandescent lighting with fluorescent / metal halide
Chemung *Installation of energy saving ballasts and lamps 1990
*Replacement of existing recirculation pump drive systems with slow speed premium efficiency motors
Frank E. VanLare |, " XISHing recireuiation pump drive systems with Slow Speed premium eticiency 2000
driven by VFDs
*Upgrade of aeration facility with ceramic fine bubble diffusers and single stage compressor with
automatic DO controls 2002
Gloversville- *Installation of new blowers
Johnstown *Conversion of the secondary anaerobic digester cover to fixed cover
*Installation of new gas meters 2004
*Addition of a separate gas holding tank
*Installation of a fifth influent pump 2001
*Installation of VFDs on three influent pumps, three primary sludge pumps, one heat exchanger pump,
Ithaca
two waste sludge pumps, three belt press feed pumps, and one belt press pump
*Replacement of primary settling tank chains and flights with plastic and fiberglass
*Installation of high efficiency motors on RBC motors and VFD on intermediate pump motor, and
South Fallsburg replacement of 30-hp blowers 1993
Tonawanda *Retrofit of filters with monomedia 1999
. *Installation of a control system on the RAS pumps to improve blanket control, MLSS control, and
Wallkill ) ) i 2004
attain more consistent sludge wasting rates
D:\ Page 1 of 1
Table 5-1 Summary of Previously Implemented Energy Saving Measures 3/9/2007
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demonstrating that submetering can be an effective tool for identifying cost-effective energy-savings
opportunities. The recommendations aggregated over the eight facilities represent an annual cost savings
of approximately $6.4 million, or 15% of the current total energy costs, with payback periods ranging from
approximately one year to eight years. The estimated average cost for conducting submetering at each of
the facilities for this project was $17,000 (based on Siemens’ budget for each site), which includes
equipment rental, installation, and data collection and initial review. However, the costs for submetering
could rise substantially if real-time submetering data were to be integrated with the plant’s existing
SCADA system, or if high voltage equipment was being submetered (the current submetering program

evaluated equipment up to 480 volts; high voltage equipment was not included in the study).

Furthermore, the study results and recommendations can be used by other facilities to evaluate if current
operations result in typical / benchmarked energy usage for treated wastewater volume, and organic and
solids loadings, and if current equipment and processes would therefore have the potential to benefit from

energy-reducing modifications that were evaluated as part of this study.

In general, traditional operational energy-saving measures, such as load shifting and peak shaving, were not
recommended at the participating facilities. The smaller facilities that participated in the study are typically
staffed in only one shift, and therefore could not implement operational modifications as the facilities lack
the required staffing. Although operational modifications may be possible at the larger facilities that
participated in the study because those facilities are staffed in more than one shift, most of the operations at

these facilities are already evenly distributed over a 24-hour period.

The recommended measures were mainly capital improvements associated with installation of more energy
efficient equipment. These measures would not increase the treatment capacity at the facilities, but rather
the efficiency with which treatment is accomplished. While many of these evaluations could have been
done without actual submetering of the evaluated processes and equipment, submetering did provide more
accurate estimates of energy consumption and, therefore, the potential energy savings associated with the
recommended improvements. In some instances, when the initial evaluations were completed prior to this
submetering project (e.g. Tonawanda centrifuge installation), submetering and subsequent evaluations had
resulted in significantly more accurate estimates of the energy savings and financial outcome of the project.
Submetering provides the “concrete confirmation” of payback that many facilities want before authorizing

upgrades.

Because the facilities that participated in the study are already proactive, these facilities, given the appropriate
level of funding, are more likely to implement the recommended measures than less proactive facilities.
However, through dissemination of the results of the submetering study, including the recommended

measures and the avoided costs that could be expected from implementing those measures, other facilities
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may recognize the potential benefit of participation in such studies as well as implementing the energy-

saving recommendations.

One of the participating facilities, the Monroe County Frank E. VanLare Wastewater Treatment Facility
(WWTF), recently installed a number of permanent submeters and currently monitors energy usage by the
submetered processes on a continuous basis on-line. The permanent submetering allows the plant to
make educated real-time decisions on controlling overall plant demand while bringing additional
equipment into operation. In the long-term, the submetering will also allow the plant to establish energy
consumption trends for each piece of submetered equipment and to assist in troubleshooting equipment /
processes based on demand information. Submetering allows the facilities to understand the interaction

between unit processes and to optimize them in relation to one another.

Based on the outcome of the study, it appears that submetering is an effective tool for identifying energy-
saving capital improvement measures at most facilities, regardless of facility design capacity. From the
viewpoint of improving facility operations, submetering appears to be a more useful tool to medium and
larger sized facilities that have multiple shifts staffed, affording these facilities the flexibility to shift

loads that smaller facilities could not implement. Submetering is also of benefit to small-to-medium size
facilities when considering equipment replacement and upgrades, as it provides the basis for comparison
(i.e., a baseline) with newer equipment. It is recommended that baseline submetering always be undertaken
prior to equipment rehabilitation, upgrade, and replacement, and that these data be used to establish energy

efficiency performance criteria (i.e., cost savings and payback) for the new equipment.

It should be noted that this study only evaluated energy savings potentials from short-term submetering of
equipment at a limited number of facilities. Long-term (permanent) submetering may be beneficial in
identifying other areas for potential energy savings. Although not all demonstrated within the scope of this

study, these potential areas may include:

®  Operational Savings — Savings resulting from changes in operational
procedures, such as routine, process sequencing, and time-of-use. Long-term
submetering could be of benefit in evaluating and documenting these savings,
especially at larger facilities.

®  Unit Process Improvements — Comparison of an existing unit process energy
usage with newer, more efficiency technologies. Again, long-term submetering
could be of benefit in documenting the savings.

®  Energy Procurement Improvements — Discussions with a facilities energy
supplier can often result in energy savings through discussions of alternative
tariffs and billing programs. Long-term submetering could be of benefit here,
especially at larger facilities, to provide the background data required to
understand operational and load-based flexibility in operations.
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®  FEquipment Sizing and Efficiency Evaluations — The information obtained
through long-term submetering can form the basis for evaluating the efficiency
of equipment in terms of diurnal load variations, peak loading efficiency, and
sizing. This, in turn, can facilitate decisions about equipment replacement.

®  FEquipment Maintenance and Life Cycle Cost — Long-term submetering,
especially on larger equipment with significant run times per year, can be used
for a variety of beneficial uses, including:

®  Determining maintenance intervals by observing increasing or
decreasing energy usage per unit of output (work done).

= Determining optimal run times or sequences where multiple
pieces of equipment can perform the same function.

= Determining replacement schedules for motors and equipment
by comparing, over time, the energy usage per unit of work
done in comparison to newer, more energy efficiency
equipment.

Although submetering was not directly used to evaluate lighting and HVAC improvements, it was a useful
tool in identifying if lighting and HVAC improvements should be evaluated. The submetering data for the
major equipment at a facility was used to estimate the energy usage by each process and type of equipment,
including lighting and HVAC. If the lighting and HVAC constitute a large percentage of the total facility
energy usage, that is typically an indication that they should be further evaluated. Based on the facilities
that participated in this study, removal of the recommended lighting and HVAC improvements results in a

shorter or longer difference, on average, of six months in payback duration.

In conclusion, submetering can be a cost-effective tool for identifying energy saving measures if the
program is implemented with a focus. Not all pieces of equipment at a facility need to be submetered in
order to determine the key players in energy usage for that facility. At the onset of the program, the
overall objective of the program must be established, whether that be demand / load control, process
optimization, or simple trending to identify large energy users. The overall objective of the program will
help to establish the level of drill down to which equipment must be monitored, and hence, the cost of the
submetering equipment itself. The data collection approach will then follow based on the program
objective in terms of collection frequency, required data, and required data evaluations, that will define
the level of effort required. The equipment to be monitored and the data to be collected must be in

proportion to the objective of the program. The identified energy savings measures will define the benefits.
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