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Preface

The Energize Missouri Renewable Energy Study Subgrant program was created to increase the
ability of businesses, governments and organizations to make informed decisions about complex
renewable energy systems by understanding and solving information deficiency and technical
uncertainties. Program funds are made possible through the American Recovery and Reinvestment Act
and the Transform Missouri initiative and administered by the Missouri Department of Natural
Resources.

Acknowledgment: “This material is based upon work supported by the U.S. Department of Energy
through the Missouri Department of Natural Resources under Award Number DE-EE0000131.”

Disclaimer: “This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof.”

The views and opinions of authors expressed herein do not necessarily state or reflect those of the
Missouri Department of Natural Resources or any other agency of the State of Missouri.
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Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery Project Summary

1.0 PROJECT SUMMARY

The scope of this project was to investigate pump applications for pressure reduction and electrical
energy recovery. This project focused on the use of the pumps as turbines (PAT) at an existing pressure
reducing station known as Greensbottom, which is owned and operated by Missouri American Water
Company. The following are the key findings of this project:

Centrifugal pumps can be operated in reverse and be used as turbines effectively to produce
electricity. The most predominant applications revolve around industrial process applications and
municipal water distribution systems.

Compared to traditional turbines, pumps are available in a wide range of head and flows, have a
lower first cost and maintenance operating cost, less complex to operate, replacement equipment
and parts are readily available, control of a PAT system is generally less complex, and pumps are
readily available in the market place for a variety of operating conditions.

Turbines use inlet guide vanes and can operate across a large range of flow and pressure and
effectively generate electricity, whereas multiple pumps are needed to achieve the same operating
diversity. A single pump PAT system operates across a fixed flow and pressure range and
generally does not effectively produce electricity below 42% of the total flow range. A multiple
PAT system is needed to generate electricity efficiently across a wide range of flows and pressure.
Analytical formulas and relationships used for pumps can also be used to estimate the
performance of a pump operating as a turbine. Mathematical derivations of Flow, Pressure,
Efficiency, Specific Speed, Power, and Energy can be used to analyze the performance of a PAT
system. Actual PAT performance of pumps is not accurately known and must be established by
the pump manufacturers.

Both three phase and single phase induction motors can be used to generate electricity
effectively. When connected to a three phase utility system, the induction system requires no
speed governing controls.

The overall efficiency of the PAT system proposed is approximately 70%. The highest possible
efficiency of a single PAT is 82% respectively.

The facility uses roughly 100,000 kWh of electricity and costs around $6,000 per year to operate
(30.06/ kWh on average). PAT electrical output is expected to outset yeatly facility electric use by
at least 80%.

The PAT simulation showed the system could produce between 186,000 and 406,000 kWh per
year and provides income between $3,000 and $7,000 per year, with a peak power output
between 35 and 140 kW, depending on the number of pumps used.

Ameren Missouri is expected to pay about $0.0183 per kWh for electricity sold back to the grid
for systems with capacities less than 100 kW (two pump system). Rates for systems over 100 kW
(three or more pumps) will have to be negotiated and approved by the Missouri Public Service
Commission.

Net-metering may or may not apply to this project. The Missouri Department of Natural
Resources (DNR) is responsible for determining if this project can be classified a “renewable
energy”’ project.

The estimated cost to install the PAT system ranges between $75k and $190k. The simple
payback period of the PAT system ranges between 8 and 17 years.

The single pump installation has the best simple payback performance at 8.3 years, while the two
pump installation has the best life cycle cost or lowest present value over a 30 year system life.
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Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery Introduction

2.0 INTRODUCTION

2.1 BACKGROUND

The scope of this project is to investigate pump applications for pressure reduction and electrical energy
recovery. This project is focused around an existing domestic water booster pump station known as the
Greensbottom Booster Pump Station. More specifically, the use of centrifugal type pumps operating as
turbines, otherwise known as PATs, will be investigated for this facility.

Missouri American Water Company (MAWC) presently owns and operates the Greensbottom Booster
Pump Station (aka Greensbottom) located in St. Charles County, near the Missouri River. This 15 year
old facility was originally designed to boost water pressure supplied to St. Chatles County from
distribution systems owned by the City of St. Louis. More recently, the water supplied to Greensbottom
now comes from other MAWC facilities located in St. Louis County. The MAWC system pressure in St.
Louis County is higher than that of the City of St. Louis. Therefore, this station is now required to
reduce the pressure to St. Charles County through the use of pressure reducing valves (PRVs). Energy
that is used to boost the pressure for St. Louis County is now wasted through the pressure reducing
application. The use of a pump as a turbine (PAT) is being considered as a potential strategy to provide
pressure reduction, while at the same time recovering the energy lost during the process.

2.2 PROJECT LOCATION

The Greensbottom Booster Pump Station is located in St. Charles County near the Missouri River, at the
intersection of Greensbottom Road and Caulks Hill Road, which is situated between St. Peters and
Chesterfield, Missouti.

2.3 PROJECT TEAM

The primary members of the project team are as follows:

Project Sponsor

Bob Fuerman, PE, CEM, Missouri American Water, Missouti Production Manager/ Director

Project Manager
Jim Heisserer, PE, LEED AP, Ross & Baruzzini, VP— Senior Project Manager, Electrical Engineer

Engineering Analysis Staff

Ryan Walsh, PE, CEM, LEED AP, Ross & Baruzzini, Mechanical Engineer
Bob Wilson, PE, Ross & Baruzzini, Senior Electrical Engineer

Outside Consultant / Pump Expert

Allan R. Budris, PE, Allan R. Budris — Consulting

Other Contributors

Bill Ebsary, KSB Inc, Application Engineer - Energy & Industrial Division
Loyal Fischer, KSB Inc, USA Regional Manager
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Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery Overview of Pat Applications

3.0 OVERVIEW OF PAT APPLICATIONS

In general, centrifugal pumps can be operated in reverse and be used as turbines to produce electricity.
Compared to traditional turbines, most pumps are cost effective, less complex, and are readily available
in the market place for a variety of operating conditions, especially small applications where the turbine
market is generally oversized. The pump construction itself is simple by comparison and the
performance of a pump acting as a turbine can be similar to that of turbines. This makes the PAT
application a good alternative for energy recovery applications.

31 BENEFITS AND LIMITATIONS OF USING PUMPS AS TURBINES

There are a number of advantages and limitations to using pumps instead of turbines for power
generation and pressure reduction. The most predominant advantages include:

e Pumps are available in a wide range of head and flows.

e Pumps have a lower first cost and maintenance operating cost than turbines.

e The operation of pumps is generally better understood than turbines.

e Replacement pumps and parts are readily available.

e The control of a PAT system is generally less complex than a turbine system. This is especially
true if multiple generators are needed.

The most predominant limitations include:

e Since true turbines have adjustable inlet guide vanes, in the constant speed mode they can
generate power at lower flow rates than a PAT. A typical PAT stops generating power at flow
rates around 42% of the PAT best efficiency point. This can be largely mitigated by using
multiple pumps in parallel.

e PAT performance of all pumps operated as turbines is not accurately known. Only a few select
pump companies have tested/established the true performance of their pumps as PATs.

3.2 TYPICAL PROJECT APPLICATIONS FOR PAT

There are a number of applications for using pumps as turbines, including, but not limited to the
following:

e Industrial facilities for pressure reduction applications related to processes.

e Most water pressure reduction applications that rely on pressure reducing valves.

e Small hydropower systems such as vertical down comer applications or dam relief discharge
systems.

e Small dams systems that experience high flow rates and low head.

e Chemical and petrochemical processes (e.g., gas scrubbing systems).

e Any application involving the draining of reservoirs or other water storage systems.
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Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery Analytical Formulas and Relationships

4.0 ANALYTICAL FORMULAS AND RELATIONSHIPS

Some analytical formulas and relationships used for pumps can also be used to estimate the performance
of a pump operating as a turbine. Mathematical derivations of Flow, Pressure, Efficiency, Specific Speed,
Power, and Energy can be used.

4.1 FLOW, PRESSURE, AND EFFICIENCY RELATIONSHIPS TO PUMPS

Similar to a centrifugal pump, a pump acting as a turbine follows similar relationships between flow and
pressure. The following relationships can be used to approximate the performance of a pump operating
as a turbine (Budris 13.1.1).

_ QPump(BEP)
QTurbine(BEP) -
Epump(BEP)
_ HPump(BEP)
HTurbine(BEP) -
Epump(BEP)
Where:

Qrurbine(sep) = Best Ef ficiency Flow Rate as a Turbine (GPM)
Qpump(sep) = Best Ef ficiency Flow Rate as a Pump(GPM)
Hryrpinesepy = Best Ef ficiency Head as a Turbine (Ft Head)
Hpyumpep) = Best Ef ficiency Head as a Pump (Ft Head)

4.2 EFFICIENCY

The overall efficiency of a pump system is driven primarily by hydraulic losses and electrical losses
associated with the motor. The same characteristics hold true for a pump acting as a turbine.

The best efficiency point (or BEP) is the point at which the turbine (or pump) operates most efficiently
based on flow and pressure (Budris 13.1.1).

ETurbine(BEP) — €Pump(BEP)

Erurbine(BEP) = Best Ef ficiency as a Turbine

Epump(BeP) = Best Ef ficiency as a Pump

The BEP efficiency value of a PAT is normally very close to the BEP efficiency as a pump, being a point
or two lower for vertical turbine or diffuser pumps and equal or slightly higher for other pump types.

4.3 POWER

The theoretical (ideal) potential power generated (or work created) for a system that experiences a
pressure difference can be calculated using the following hydraulic horsepower equation (Lindeburg
13.2.2):

__ APxQ
PIdeal ~ 1714’

Where:
Pigea1 = Power (HP), multiplied by 0.7475 to obtain KW
Q = Flow Rate (GPM), AP = Dif ferential Pressure (PSI)
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Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery Analytical Formulas and Relationships

The Actual Power generated from a PAT system must be derived from the actual PAT selection curves.
However, based on the results of this study and other findings, the overall power output of a PAT
system is typically around 70% of the theoretical power, assuming the pump(s) is selected for its best
efficiency point (BEP). The maximum efficiency or BEP of any single PAT is around 82%.

4.4 ENERGY

The energy produced from a PAT system can be calculated using the following formula:

EPATZZPPAT*t

Where:
Epar = Energy (kWH), Ppyr = Power produced (KW),t = time (Hours)

If hour by hour flow and pressure information is readily available (as is the case in Greensbottom), the
peak power output can be calculated for each hour and summed for the period. For less accurate
calculations, one could use the average flow and pressure drop across a month or some other time period
and calculate the energy production that way.

4.5 SPECIFIC SPEED

The capacity and efficiency of a pump is partially governed by the impeller design. For a desired flow rate
and head, there will be one optimal impeller design. The specific speed is a dimensionless number that
can be used to describe the shape and appropriate pump impeller and configuration that is optimum for
a pump or in this case a PAT application. The specific speed of a pump as a turbine can be described at
the following (DOI 13.2.1):

_ n(Qep)'/?
nt = HT3/4

r = Turbine Flow (GPM) at BEP,H; = Turbine Head (Ft Head)at BEP

Once the specific speed is known, the value can be compared to readily available pump impeller tables
in-order to figure out which impeller configuration (ex. Mixed flow, axial flow) is optimal for the design.
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Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery PAT System Operation

5.0 PAT SYSTEM OPERATION

5.1 USING A MOTOR AS A GENERATOR

During PAT system operation, water is sent through the turbine, transferring mechanical work from the
pump shaft to the motor windings, which transfers electrical energy back into the electrical system. Using
an induction motor as a generator is a cost effective way of generating electrical power with a turbine
system. When connected to a three phase utility system, the induction system requires no speed
governing controls. The induction motor, instead of consuming energy, is driven at around 50 RPM over
its rated speed (DOI 13.2.1), and the motor becomes a generator. Induction generators are much less
expensive than other types of generators, but require excitation to operate. This is why they are ideally
suited to inter-connected utility applications.

In single phase operations, induction motors can be used as generators by connecting capacitors to the
unused legs of the motor. This can result in a very smooth running generator, operating at 100% Power
Factor (PF). The extra efficiency is gained by the motor (generator) running balanced on all three legs,
which results in less heat (friction) output.

5.2 SINGLE PUMP OPERATION

Figure 1 represents the schematic configuration of a single pump acting as a turbine in a constant
pressure control application. A pump and a control valve are installed in parallel with a pressure reducing
valve. During normal operation, within the specified flow and pressure, all water flows thru the PAT
circuit. Once the pressure or flow exceeds the capability of the PAT, the pressure reducing valve (PRV)
opens up and allows flow to bypass the assembly and regulate the discharge of the system.

B ()< —

| Pressura R gdiging
Walve

X

7

PAT Control & £
|spkation Yakeas

Figure 1 - Single PAT Constant Pressure (Budris 13.1.1)

Figure 2 represents how the PAT performs in a constant head (pressure drop) system, with regard to
flow, pressure, and efficiency, using the single PAT configuration. As water flows through the PAT, the
impeller spins in the opposite direction compared to operation as a pump. It should be noted that a
PAT will always operate on its Head-Capacity (H-Q) curve, meaning that the head (pressure drop) across
the PAT will determine the flow rate through the PAT. So in order to achieve a flow rate less than the,
PAT flow rate at the full system head, the pressure (head) must be reduced to the PAT, by throttling the
“PAT Control Valve”. The point at which the PAT H-Q curve and System Head (H-Q) lines intersect
represents the point at which the control valve is full open, and the PAT is hopefully operating at its
BEP. This is the desired pump selection design point.
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Figure 2 — Single PAT System Operating at Constant Pressure (Budris 13.1.1)

In order to achieve flow rates greater than, the PAT flow rate at the full system head, (in this case to the
right of the BEP), the pressure reducing (by-pass) valve must be opened to allow the additional flow to
by-pass the PAT. However, no additional power will be generated from this higher flow rate (through
the by-pass valve, which converts the pressure drop to heat), thus the overall system efficiency will be
lower.

From an efficiency standpoint, you always want to operate as close to the PAT BEP as possible. This
should be a consideration when selecting pumps for PAT service, for a wide range of flows and
pressures. A single pump sized for peak demand might operate to the left of the BEP, at low flow
conditions. Not only might this result in lower efficiency, but below flow rates of about 42% of the PAT
BEP, zero or negative energy might be generated by the PAT. It is, therefore, desirable to use multiple
pumps/ PAT’s operating in parallel, for systems with variable flow and pressure values, to optimize the
overall PAT system performance.”

5.3 MULTIPLE PUMP OPERATION

Figure 3 represents the schematic configuration for multiple pumps acting as turbines in a constant
pressure control application. Multiple pumps and control valves act in parallel to each other and a
pressure reducing valve. This system operates similar to the single pump/PAT system, except that now
there are multiple PAT/valve sets to handle varying flow and pressure conditions
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Figure 3 — Multiple PAT Constant Pressure (Budris 13.1.2)

Figure 4 represents how the system performs with regard to flow, pressure (head), and efficiency; using
the multiple PAT configurations (three pumps/PAT’s operating in parallel, with individual control valves
for each, plus a single by-pass pressure reducing valve, as shown). Each PAT is staged on (activated),
and its control valve set, plus the by-pass pressure reducing valve adjusted, based on the current system
flow rate and pressure drop needed at the time. Power output is maximized by transitioning to the
number of PAT units, and control valve setting(s), that will provide the maximum system efficiency, at
the required system head and flow rate.
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Figure 4 — Multiple PAT System Operating at Constant Pressure (Budris 11.1.2)
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5.4 OTHER DESIGN CONSIDERATIONS

Provisions must be taken to ensure that the PAT system operates within the expected range of
performance and safety. The following is a list of other design considerations that should be analyzed
during the design of any PAT system.

e Pump Stress Analysis — Since a pump is optimally designed to pump water and not act as turbine,
the pump operating as a turbine will endure higher stresses than normal. Pump shafts and
casings/bowls will be stressed higher when a pump is operated as a PAT, since both the BEP
flow rate and head are higher in the reverse flow PAT mode. Most PAT manufacturers should be
able to determine the maximum allowable stress of the equipment. General operating conditions
should be examined as well as possible conditions of pressure surge or water hammer that may
occut.

e [Flectrical Grid Failure — For installations that are not on island mode, the frequency of the
electrical utility grid (field induced onto the motor) ensures the pump system operates at a same
speed and frequency. If the case of a power outage, the field (restriction) imposed on the motor
from the utility would be lost, and the pump could “accelerate” to a run-away speed, potentially
leading to equipment damage or dangerous conditions. Special relaying and controls should be
incorporated into the design to handle this possible condition.

e Pump Cavitation — Steam bubbles are formed when the suction side pressure drop on a pump
drops below the vapor pressure of the liquid. These bubbles can lead to damage of pump
impellers and components. Other factors to consider that will help reduce possible PAT
cavitation damage are the addition of a draft tube to the outlet of the PAT, lowering the PAT
speed, and the possibility of moving the PAT control valve to after the PAT, instead of before it.
Consideration should be given with regard to sizing to avoid potential issues with cavitations.
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6.0 PUMP AND TURBINE INDUSTRY

6.1 PUMP AND TURBINE MANUFACTURERS

During the study multiple manufacturers were found to have turbine offerings; however, only two
companies found offer turbine products within the flow and pressure ranges of this project — Flowserve
and Cornell Pump Company. In general, this application is considered a “medium head pico hydro
power” application (pressure ranges between 8 and 50 PSI). Most commercial turbine offerings are
oversized for the needs of this project.

The team has researched PAT product availability and been in contact with multiple pump
manufacturers including Flowserve, Bell & Gossett (B&G) / Goulds, Peetless, Armstrong, and KSB
Pumps. Out of the companies mentioned, Flowserve and KSB pumps appear to have the most
experience in PAT field.

6.2 PRODUCT RANGES AVAILIBLE

Flowserve offers power recovery turbine products both with fixed and variable geometric configurations.
Their product offering ranges from around 2500 GPM up to around 68000 GPM.

Cornell offers similar power recovery turbine products both with fixed and variable geometry
configurations. Their product offerings range from around 100 GPM up to around 8000 GPM, which is
well within the range of this project.

For PAT products, KSB Pumps is the only company to date we found that offers pump lines specific to
the PAT application. In theory, any pump can be used for a PAT application; however, a detailed stress
analysis is needed to insure the pump would not fail operating as a turbine.

KSB offers two primary pump types for this application, axial split case and end suction type. Multiple
sizes and configurations are available and can be selected to precisely match our operating conditions.

6.3 EXISTING PAT INSTALLATION - EXAMPLE PROJECTS

Our team found two existing PAT installations, one in Stuttgart, Germany and one in the United States,
that are similar in nature to this project. The Greensbottom project falls roughly halfway between these
two installations with regard to flow, pressure, and power recovery.

The US installation is located in Baytown, Texas at the Air Products and Chemicals, Inc facility. For this
application, pumps where installed (as turbines) on a process cooling water system that needed to reduce
pressure from 70 psi down to 15 psi. They used two pumps in parallel to provide for a wide range of
flows between 1800 and 3700 GPM. The system recovers around 70 KW of power at peak flow
conditions annually.
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Figure 6 - PAT Installation at Air Products Facility in Texas

The German installation is located in Stuttgart, Germany at the Zweckverband Landeswasserversorgung
(aka: LW) water supply plant, which provides water to roughly 250 cities and municipalities in the area.
Eight pumps were installed in parallel which operate with flows between 2750 and 17000 GPM and

pressure reduction range of 50 to 75 psi. The system recovers around 300 KW of power at peak flow
conditions.
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Figure 8 - PAT Assemblies at LW Facility in Stuttgart, Germany
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7.0 FACILITY CONDITION AND OPERATIONS

A site survey was performed at the Greensbottom facility in the summer of 2010. The followings systems
and operating conditions were observed. Refer to Appendix for the schematic one-line diagrams of
existing systems.

7.1 EXISTING MECHANICAL AND ELECTRICAL SYSTEMS

Although originally designed as a pump booster station, this facility now operates as a pressure reducing
station. Primary water service at varying flows and pressures enter the building on the southwest corner
of the facility, goes through the pressure reduction system, and exits at 115 psi from the northwest
corner. Refer to Appendix for the Schematic One-Line Diagrams.

The original pumping and pressure reduction system is still primarily intact from the original design.
There are three parallel circuits, two of which are the boosters pump circuits, with the other circuits
configured with motorized pressure reduction clay-valves and flow meters. One of the two pumps on the
west end has been removed and valved off, with the other pump remaining intact. Additionally, there is
an empty concrete pad and pipe stub adjacent to that was planned for a future pump installation.

The original electrical system associated with the systems is also still in place. The electric service from
the utility consists of a 12.47 KV primary feed that is transformed down to 480Y/277V through a 1000
kVA utility transformer. The service enters a 3000A motor control center that is designed to serve three
booster pumps (2x450 hp, 1x100 hp), two ventilation fans (2x10 hp), a 480/277 volt panel and a
transformer to serve a 208/120 volt panel. Additionally, there is an automatic transfer switch that
receives standby power from a 600 kW - 480Y /277V diesel engine generator set.

The building is heated using multiple wall mounted electric unit heaters. Ventilation air in the summer is
provided by multiple wall mounted exhaust fans and air intake louvers.

7.2 EXISTING CONTROL SYSTEM

The original PLLC automatic control system is also still in place. A central main pump control panel
houses the entire pump and pressure control systems. A separate telemetry panel is in place to transmit
system data from the PLC remotely to the Cottleville office. The controls have been modified to handle
the pressure reduction application. The PLC calculates the valve position necessary to provide the
desired outlet pressure. Flow and pressures are monitored and recorded by the PLC.

The pressure reducing valves (PRV) are operated using electric solenoid valves as pilot operators to
control system water pressure to open or close the valves as needed to respectively reduce or increase the
flow restriction and associated pressure drop. These pilot solenoid valves are controlled by signals from
the PLC. This pressure reduction system is actually driven by flow rate. Flow meters installed in the
system transmit the flow rate into the PLC control system, which then indirectly controls discharge
pressure. Currently the pressure reduction system is configured to provide a constant outlet pressure of
115 psi. Some additional hardware would need to be added to the existing PLLC along with substantial
reprogramming to add control of the PAT system into the existing pressure reduction system.

7.3 FACILITY WATER AND PRESSURE

In general, flow for this facility averages around 8 MGD (Million Gallons per Day) and peaks around 25
MGD during high demand periods. Incoming pressure to this station from the high service main ranges
between 120 and 175 psi with an average of about 140 psi. The existing pressure reducing station reduces
the pressure down to 115 psi. Figure 9 represents the large range of flows that occurred at this station
between 2008 and 2009, which was the most current data available when the study began.
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Figure 9 — Historical Flow Trends

As expected, water consumption follows a consistent trend from year to year. During the winter months
water use is fairly steady, on average between 6 & 8 MGD. During the summer months water use
increases to an average consumption rate between 8 & 10 MGD. Without a significant change in the
water system infrastructure, this trend is expected to remain steady in the near future.

Similarly, Figure 10 represents varying amount of differential pressure or pressure reduction achieved by
the PRV system at this station between 2008 and 2009.

2008-2009 Flow VS Differential Pressure Trends

80

70

Differential Pressure {DP)

Flow Rate {(MGD)

Figure 10 — Historical Pressure Trends

Based on the differential pressure graph it is shown that there is a linear relationship between flow rate of
the system and the pressure reduction required on the system. In general, as flow increases the required

pressure drop decreases proportionally, a -1% decrease in differential pressure for every 10% increase in
flow.

The existing flow and pressure data was also examined to see how many hours in the year certain ranges
of flow and pressure were occurring. This was necessary to determinate the target design condition for
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the P.A.T. system. Figure 11 shows the relative percent operating hours of flow and differential pressure
based on historical data. The analysis shows that flow rates higher than 10,000 GPM (14.5 MGD) occur
less than 10% of the hours in a year. A similar relationship exists with regard to differential pressures
(Delta P) above 40 PSI. This time based analysis can used as a starting point to determine the target
design condition for the P.A.T.
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Figure 11 — Time Analysis Curves

7.4 FACILITY ELECTRIC USE

The existing electrical use was examined to see what the facility was using to maintain space conditioning
and other building operations. Since this station is no longer used as a pump booster plant, electrical
loads are small compared to the original design.

The electrical rate for the facility is a 2M Small General Service - 3 Ph w/Demand. This facility uses
roughly 100,000 kWh of electricity and costs around $5,500 per year to operate ot roughly $0.055/ kWh
on average for the year. A recent rate increase from Ameren Missouri increased the rate to around $0.06/
kWh.
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8.0 PAT SYSTEM DESIGN

8.1 PUMP SELECTION AND PERFORMANCE

Based on the analysis of yearly flow and pressure data it was decided that a target design range for this
system under peak conditions would be roughly 10,000 GPM at a 40 PSI differential pressure. Since we
are considering constant speed pumps it became important to implement as many PATSs as possible to
maximum overall system efficiency. Therefore, we choose to look at least four PAT to try and match the
entire range of flows and pressure.

The pump selected for the project is a Horizontal Split Pump as Turbine, KSB Pump model: Omega
150-290-A-GB-G-F, 1200 rpm, 60 hp, 480 Volt/3PH. Figure 13 below is the performance curve for the
pump that was selected for the system.

PAT Selection-Omega 150 1220 rpm
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Figure 12 — KSB Pump Selection

The pump was selected for a maximum flow rate of 2500 GPM, which corresponds to 2000 GPM and
62 feet of head at the BEP (~82% efficiency). Based on the previously mentioned flow and pressure
relationships (Section 4), the performance as a pump at 82% efficiency would be 1640 GPM at 52 feet of
head. With four pumps operating in parallel we are able to achieve the target 10000 GPM peak flow.
Another consideration for this selection was the maximum flow range of the pump, which is roughly
2500 GPM. Since the efficiency to the right of the BEP is relatively constant, we are able to flow each
pump roughly 20% past the BEP before transitioning to the next pump (stage) with minimum impact to
efficiency. This relationship was shown in Section 5.3 — Multiple Pump Operation.

8.2 MULTIPLE PUMP PERFORMANCE

The performance of the single pump was used to develop the combined performance of all four pumps
at varying ranges of operation, as shown in Figure 14 below. Since all of the pumps will be the same size
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and are operating in parallel, it can be assumed that the flow rates of each stage are approximately
additive, while the differential pressure remains roughly the same.
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Figure 13 — Parallel Pump Operating Curves

Based on the performance curves it is shown that the most power (KW) is produced at the peak flow
rate, therefore it is important to completely load up a pump before transitioning to the next one.

8.3

SYSTEM COMPONENTS AND SEQUENCE OF OPERATIONS

Figure 15 shows a basic system schematic of the PAT system. A more detailed schematic showing the
relationship to the existing system is shown in the Appendix.

Four PAT assemblies are shown in parallel with one common bypass. Note that the overall system is
installed in a reverse return configuration. This is necessary to keep the pressure and flow balanced
between the PAT assemblies. Each PAT assembly circuit (total 4) consists of the following components:

Manual Isolation Service Valves
Flow Check Valves
Modulating Control Valve with differential pressure sensor

Pump as Turbine with differential pressure sensor, current sensor, and motor (shaft frequency
sensot, and power meter.

The remaining PAT system consists of the following primary components:

e System Flow Meter (GPM)
e Incoming and Outgoing pressure sensors
e Modulating bypass valve
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Figure 14 — PAT System Schematic

The following sequence of operations would be used to control pressure reduction for the facility using

the PAT system:

Sequence of Operations

The PAT system is operated to maintain a constant discharge at P2 (~115 PSI).

At zero differential pressure (P1=P2) & flow (FM=0), all pumps (PAT’s) would be off, with all
individual control valves (CV1, CV2, CV3 & CV4) and By-Pass valve B1 closed. When P1 > P2,
Pumps are enabled (activated) on in stages.

When P1>P2, the number of pumps (PAT + Control Valve Units) will be enabled (activated),
one at a time, and the By-Pass valve set to provide the best, most efficient, match with the total
requited system flow rate and pressure drop. Pump speed is monitored (RPM/HZ), at
approximately 50 RPM (1.1 HZ) above the design frequency (1200 RPM @ 60 Hz), the motor is
connected to the grid.

Pump (PAT) Activation: The PAT CV control valves are adjusted to provide the differential
pressure across the PAT’s that will permit the desired flow rates for each individual PAT.
(Remember, it is the pressure across a PAT that will determine its flow rate, efficiency and output
power).

Flow meter monitors total flow (GPM) and enables pumps based on predetermined minimum
and maximum flow ranges of each PAT (Ex. If flow is between 500 to 2500 GPM, one pump is
enabled).
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e The required system differential pressure (SDP1, not shown) is calculated by the system using P2
— P1. All control valves CV1 thru CV4 are enabled (based on pump status — on/off) and then
modulated to maintain the required SDP1 set-point.

e If all pumps are on (CS=all status) and all CVs are full open, and the pressure continues to
increase above set-point P2, bypass valve B1 modulates opens to maintain the set-point.

e Power (KW) is calculated and monitored by power meter (PW).

8.4 ELECTRICAL CONNECTION AND METERING REQUIRMENTS

Our team has spoken with the Distribution Operating department at Ameren Missouri to determine
what metering and relaying requirements are necessary to implement this project. Reverse power will be
allowed, so the facility can sell excess power back to Ameren. The facility will not be permitted to
operate in an island mode (generating electricity back to the Ameren’s distribution system) if the
Ameren’s grid is de-energized. This will require adding multi-function relays to disconnect the equipment
from the electrical system when the Ameren grid is not available. Because these multi-function relays will
be programmable solid state devices, Ameren will require that redundant protection be provided.
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9.0 APPLICABLE RULES, REGULATIONS, AND UTILITY RATES

9.1 FEDERAL RULES AND REGULATIONS

Federal rules and regulations were reviewed to determine the requirements for this project. There is one
primary regulation that applies to this project:

e Federal Regulation:
18 C.F.R. PART 292—REGULATIONS UNDER SECTIONS 201 AND 210 OF THE
PUBLIC UTILITY REGULATORY POLICIES ACT OF 1978 WITH REGARD TO SMALL
POWER PRODUCTION AND COGENERATION

The Federal Regulation 18 C.F.R. PART 292 is used as the basis for determining if the facility is a
“Qualified Facility” and is referenced by other applicable state regulations. Excerpts from this section are
included in the Appendix. The following is a summary of the major points:

e This facility can be considered a “Small power production facility”.
e The “energy” input to the facility is the water pressure.
e The pressure reduction is considered to be a “waste” product that is used to generate electricity.

e This project is not considered to be a “cogeneration” or “renewable energy” for the purposes of
the federal regulation.

9.2 STATE RULES AND REGULATIONS

State rules and regulations were reviewed to determine the requirements for this project. There is one
primary regulation that applies to this project:

e State Regulation:
4 CSR 240-20.010 - RULES OF DEPARTMENT OF ECONOMIC DEVELOPMENT),
DIVISION 240—PUBLIC SERVICE COMMISSION, CHAPTER 20—ELECTRIC
UTILITIES

The State Regulation 4 CSR 240-20.010 describes the rules and regulations set forth by the Missouri
Public Service Commission for Electric Utilities. Excerpts from this section are included in the
Appendix. The following is a summary of the major points:

e Because this facility is considered to be a “qualified facility” all applicable regulations apply.

e This project is subject to the regulations specified under the “Cogeneration” section even though
this project is not classified as “cogeneration” under the Federal regulations.

e The local utility company is required to purchase excess power produced from this facility at rates
that are comparable to the utility companies cost for production (avoided cost of production).

e Net-metering may or may not apply to this project. If the “waste” (or excess pressure) used to
produce energy is classified to be “renewable energy”, than net-metering would apply. The
Missouri Department of Natural Resources (DNR) is responsible for determining if this project
is classified a “renewable energy” project.

e These regulations apply to systems with a potential power production that is less than 100 KW.
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9.3 UTILITY RATE SCHEDULES

Utility company rate schedules and tariffs were reviewed to determine the requirements for this project.
There is one primary rate schedule that applies to this project:

e Utility Company Rate Schedule:
AMEREN MISSOURI RATE SCHEDULE — ELECTRIC POWER PURCHASES FROM
QUALIFYING FACILITIES

The Ameren Missouri rate schedule applies to installations with a potential power production of 100 kW
or less. Excerpts from this rate schedule are included in the Appendix. The following is a summary of the
major points:

e Rates for production over 100 kW will have to be negotiated and approved by the Missouri
Public Service Commission.
e This rate would apply if a maximum of two pumps are installed. Each pump has the potential to
produce roughly 35 kW of power.
e Rate 1 - The non-time based energy rate would pay the following:
Summer
All Periods - 1.98¢ per kWh
Winter
All Periods - 1.75¢ per kWh
(Average - 1.83¢ per kWh)
e Rate 2 - The time based energy rate would pay the following
Summer
Weekday (10 AM - 10 PM) 2.58¢ per kWh
Weekday (10 PM - 10 AM) 1.60¢ per kWh
Saturday, Sunday, Holiday (1) 1.73¢ per kWh
Winter
Weekday (10 AM - 10 PM) 1.89¢ per kWh
Weekday (10 PM - 10 AM) 1.70¢ per kWh
Saturday, Sunday, Holiday 1.63¢ per kWh
(Average - 2.00¢ per kWh)

e If this project is classified as “renewable energy”, then net-metering would apply and Rate 1
would be used for purchase of electric power.

e If this project is not classified as “renewable energy”, then net-metering would not apply. The
project would then be considered a “qualified facility” (Fed 18 C.F.R. PART 292) and Rate 1 or 2
would be used for purchase of electric power.

9.4 QUALIFIED FACILITY VERSUS RENEWABLE ENERGY

The economics of this project are highly dependent on the classification given to the project. It is
understood that the Missouri Department of Natural Resources (DNR) would be ultimately responsible
for the classification of this project.

If this project is not classified as “renewable energy”, then net-metering would not apply. The project
would then be considered a “qualified facility” based on Fed 18 C.F.R. PART 292. Under this scenario,
all power consumed would be purchased from Ameren Missouri at the current 2M rate, which is roughly
$0.060/kWh. For excess power generation, Ameren Missouri would pay between 1.83¢ and 2.00¢ per
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kWh, depending on which rate is used (Rate 1 or 2). Since electric power produced and consumed by the
facility will occur simultaneously, there will be times where electric consumption will be more than what

is produced. It is estimated that 20% of the yearly electric use will not be offset by the PAT system. This
is the least favorable scenario from an economic performance standpoint.

If this project is classified as “renewable energy”, then net-metering would apply. The amount of electric
power consumed by the facility would be subtracted from the overall electric production on a month by
month basis. Ameren Missouri would then pay for all excess power production at approximately 1.83¢
per kWh on an annual basis (Rate 1). There would be a 4.17¢ per kWh savings on all electric power
consumed by facility, compared to what would be purchased under the “qualified facility”” scenario. This
is the best case scenario from an economic performance standpoint.

Missouri Department of Natural Resources Page 25 Missouri American Water / Ross & Baruzzini

Project G11-SEP-RES-03 St. Louis, MO



Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery Energy and Performance Model

10.1

10.0 ENERGY AND PERFORMANCE MODEL

SIMULATION METHODOLOGY

The basis of the simulation model revolves around testing historical houtly flow and pressure conditions
against the performance equations derived from actual PAT product selections. The simulation model
was performed using Microsoft Excel. The performance curves can be developed and be used to derive
equations for flow, pressure, power, and efficiency as shown in Figure 16 below.

Pump1l Omega 150 1220 rpm

100 100

90 90
y = 4E-08%3 -|0.0002x? + 0.5645x-343.74
L

80 / 80
70 % 70
60 / 60

-

Q

& / y'= 2E-05x? - 0.0237x+ 38.9

S 50 50
® / vl

@ 40 / 40

30 = / = 30
20 20

y = 5B-06x2 + 0.0042x} 8.6476

Power (KW) / Effeciency (%)

10 — 10
0 0
500 1000 1500 2000 2500 3000
Flow (GPM)

e Pump Curve = = = Effeciency Power

Figure 15 — Pump Selection Performance Equations

The following general methodology was used to simulate the performance of the PAT system.

Equations of differential pressure, power, and efficiency as they are related to flow rates are
derived for the selected pump system (Figure 16).

Hour by hour flow data is first used to determine how many pumps would be operating, how
much flow is sent through each pump, and how much will bypass the system.

Once the pump and flow distribution is known, the houtrly flow and pressure data is tested
(plugged into the equations) and results are calculated for hourly power production in KW.

The houtly power production is then summed on an houtly basis in order to determine the
annual energy produced in kWh.

The annual energy production cost (income) is calculated using the Ameren Missouri sell back
rate established.

The annual facility electrical use and cost is calculated from existing utility bills.

The difference between the facility electric production and use is calculated to determine the
worst case economic performance of the system.

The theoretical or ideal energy performance of the PAT system is calculated and is used to
determine the overall efficiency of the recovery system (Section 4.2.1).
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10.2 SIMULATION RESULTS

Energy and Performance Model

The following figures 17 & 18 shows the simulated results for electrical production and cost compared to
the facility electric consumption. For the purpose of these results, all electrical energy in and out of the
facility is shown separately, and generated electricity is not used to offset facility electric use. The
simulation showed the system could produce between 188,000 and 406,000 kWh per year, and a peak
power output between 35 and 140 kW, depending on the number of pumps used. Values used in the
chart are considered to be additive in nature.

Energy Production and Usage

450000 v e e e

) A PUMPS;-26,318.
400000 -

350000 |

300000 1
250000 -
200000 +
150000 -+~
100000

50000

o L
Electric PAT
Generation Avoided Facility

Electric Use Remaining
Electric Use

Energy (kWh)

Figure 16 — Energy Production and Usage Chart

Similarly for cost, the simulation showed the system could produce income between $3,000 and $7,000
per year, depending on the number of pumps used. Values used in the chart are additive in nature.

Energy Income and Cost
$8,000 o A4Pumps; ST e
‘1-11"‘ “l e

$7,000 ll ) mps; 51,149 ————
& 6000 17 __ - e
g $5000 e
] e
$ sa000 ——————
£ o s
8 $3000 |7~ e
£ ————

$2,000 1 ———
$1,000 +7 . -
s0 1 : ) ——
Electric PAT
Generation Avoided
Income Electric Cost Remaining
Electric Cost
Figure 17 — Energy Income and Cost Chart
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Figure 19 shows the electrical energy production for all four pumps combined and the facility energy use
on a month by month basis. In all cases, the four pump system produces more electricity than the facility
uses.

Monthly Production and Usage

50000
45000 B Production
40000 B Usage
35000
30000
25000
20000
15000
10000
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Energy (kWh)

Jan  Feb Mar Apr May June July Aug Sept Oct Nov Dec

Month

Figure 18 — Monthly PAT Production and Usage Graph

Similarly, Figures 20 shows the same electrical energy production on a pump by pump basis, combined
with the facility energy use. It appears even with one pump, PAT production would exceed the facility
electric use 80% of year.

Monthly PAT Energy Perfomance
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Figure 19 — Monthly PAT Energy Performance Graph

In reality, the energy production and usage grids are interconnected. Any energy produced by the PAT
system will first be consumed by the facility if it’s needed, before becoming excess back to the grid.
Without hour by hour electrical consumption data, it is impossible to know exactly what percentage of
the produced energy would actually be used. However, for the purposes of this report it is assumed at
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least 80% of the electrical consumption will be coincident to the electric produced (created or offset) by
the PAT system.

Based on the power equations discussed in Section 4, the ideal energy production of the system is
roughly 579,000 kWh per year. Since the simulated peak production was 405,000 kWh, the overall
efficiency of the process is 70%. The peak efficiency of any given PAT is roughly 82% efficient.
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11.0 ECONOMIC ANALYSIS

An economic cost analysis was performed for the PAT system. Below is a summary of the results.

111 IMPLEMENTATION COSTS

Below is a summary of estimated implementation costs associated with the PAT systems. Costs are broke
down by number of pumps installed for the system. Economy of scale was considered in the estimate
and costs shown are for budgetary purposes only.

Cost Analysis Summary
ltem One Pump Two Pump | Three Pump | Four Pump

Equipment and Component

Installations $ 54000|$ 90,000|$ 116,000|$ 145,000

Construction and
Engineering Fees
Contingency $ 5,500 | $ 9,000] % 12,000 $ 14,500
Total $ 75500 $ 121,500]$ 155,000|$ 189,500

$ 16,000 | $ 22,500 | $ 27,000 $ 30,000

Figure 20 — Cost Analysis Summary

11.2 ENERGY COST ANALYSIS

Below is a summary of estimated energy cost performance associated with the PAT system for each of
the potential project classifications — qualified facility or renewable energy (net-metering). The summary
assumes that 80% of the yearly facility electric use will be offset by the PAT system and that all electricity
will be sold back to the utility at $0.0183 per kWh.

Energy Cost Analysis (Annual) - Qualified Facility
ltem One Pump Two Pump | Three Pump | Four Pump
PAT Production (kWh) 186874 315140 378956 405274
Facility Electric Use (kWh) -20000 -20000 -20000 -20000
Electric to Utility (kWh) 166874 295140 358956 385274
Awided Electric Use (kWh) 80000 80000 80000 80000
Income from Utility ($) $3,054 $5,401 $6,569 $7,051
Facility Electric Cost ($) -$1,200 -$1,200 -$1,200 -$1,200
Awided Utility Cost ($) $4,800 $4,800 $4,800 $4,800
Total Income ($) $6,654 $9,001 $10,169 $10,651
Payback (Years) 11.3 13.3 15.2 17.7

Figure 21 — Energy Cost Analysis Summary — Qualified Facility

Based on a simple payback analysis, the PAT system under the “qualified facility” classification has a
payback period on a range 10.8 to 16.6 years, depending on the number of pumps installed. The single
pump installation has the best relative payback at 10.8 years.
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Energy Cost Analysis (Annual) - Renewable Energy (Net-Metering)
Item One Pump Two Pump Three Pump | Four Pump

PAT Production (kWh) 186874 315140 378956 405274
Facility Electric Use (kWh) -20000 -20000 -20000 -20000
Electric to Utility (kWh) 166874 295140 358956 385274
Income from Utility ($) $3,054 $5,401 $6,569 $7,051
Awoided Utility Cost ($) $6,000 $6,000 $6,000 $6,000
Total Income ($) $9,054 $11,401 $12,569 $13,051

Payback (Years) 8.3 10.7 12.3 14.5

Figure 22 - Energy Cost Analysis Summary — Renewable Energy

Based on a simple payback analysis, the PAT system under the “Renewable Energy” classification has a
payback period on a range 8.3 to 14.5 years, depending on the number of pumps installed. The single
pump installation has the best relative payback at 8.3 years.

11.3 LIFE CYCLE COST ANALYSIS

The following is summary of estimated life cycle costs analysis (LCCA) associated with each of the
different alternatives. BLCC Version 5.3 was used to calculate the LCCA. The following assumptions
were made to support the analysis.

e The study period is 30 Years and DOE (Department of Energy) escalation rates are included.
e One or more pumps will require replacement in 10 years.

¢ One of more control system components will require replacement in 5 years.

e System maintenance costs will be approximately $500 per year.

e Costs are presented as positive numbers and payments are presented by negative numbers.

e TFinancial performance from the “net-metering” scenario was used for this analysis.

Lowest LCC

Comparative Present-Value Costs of Alternatives

(Shown in Ascending Order of Initial Cost, * = Lowest LCC)
Alternative Initial Cost (PV) Life Cycle Cast (PV)
Base Case - Do Nothing 50 $121,576
One Pump PAT System $75,500 -533,894
Two Pump PAT System $121,500 -535,456"
Three Pump PAT System $155,000 -525,6189
Four Pump PAT System $189,500 -5878

Figure 23 — LCCA Summary

Based on the analysis, the two pump system has the lowest life cycle cost (LLCC) or present value (PV).
This implies the two pump system would be the best overall investment. The four pump system has the
highest LCC and would be considered the least favorable investment.
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12.0 APPENDIX
121 BIBLIOGRAPHY OF REFERENCED ARTICLES

12.11 “USING PUMPS AS POWER RECOVERY TURBINES” BY ALLAN R. BUDRIS.
PUBLISHED IN WATERWORLD MAGAZINE, AUGUST 2009

121.2 “MULTIPLE PUMPS AS TURBINE INSTALLATIONS KEEP EFFICIENCY
HIGH OVER WIDE FLOW RANGES” BY ALLAN R. BUDRIS. PUBLISHED IN
WATERWORLD MAGAZINE, AUGUST 2009

12.2 BIBLIOGRAPHY OF REFERENCED MATERIALS

12.2.1 “ESTIMATING REVERSIBLE PUMP-TURBINE CHARACTERISTICS”,
UNITED STATES DEPARTMENT OF THE INTERIOR - BUREAU OF
RECLAMATLON, PUBLISHED 1977.

12.2.2 “MECHANICAL ENGINEERING REFERENCE MANUAL”, MICHAEL R.
LINDEBURG; PROFESSIONAL PUBLICATIONS, INC, COPYRIGHT2006.

12.3 FACILITY PHOTOGRAPHS
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12.4 FACILITY DRAWINGS

12.4.1 EXISTING GREENSBOTTOM MECHANICAL SCHEMATIC
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12.4.2 NEW GREENSBOTTOM MECHANICAL SCHEMATIC
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12.4.3 EXISTING/NEW GREENSBOTTOM ELECTRICAL SCHEMATIC
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12.5 EQUIPMENT CUTSHEETS AND SELECTIONS

12.5.1 KSB PUMP SELECTION CURVES
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12.5.2 KSB PUMP SPECIFICATION

KSB Pumps as Turbines

QTyY

DESCRIPTION

KSE Pump model: Omega 150-290 AGEB G F

Horizontal Split Pump as Turbine

Matenal of Construction: Cl (see KSB data sheets for details)
Shaft Seal: Mechanical Seal, Single acting (2)

KSB Standard Channel Steel Baseplate: Pump & Motor

KSB Standard Coupling: Rexnord Wrapflex

KSB Standard Coupling Guard, Steel

Fit Motor on Baseplate

Misc.:

KSB Paint: Standard for indoor operation
KSB Standard QC & Material Inspections
KSB Standard Documentation Package
Preparation for Shipment

Shipment to Richmond, VA

Electric Motor / Generator: Siemens, TECO, WEG or equal
60HP, TEFC, 1200 rpm

460V, 60HZ, 3 Phase

Premium Efficient

Shipment to Richmond, VA
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12.6  DATA COLLECTION

12.6.1 ELECTRIC UTILITY DATA HISTORY

Account Information:

Account Number 4310000010
Customer Mame: MISSOURI AMERICAN WATER
Address: 3800 GREENS BOTTOM RD SAINT CHARLES
MO 83304

Service Point Information;

Service Service Point Meter Delivery Service

Type

Electnic 11960041 11132018 (Active) Rate ZM 5m Gen Swc - 2 Ph w/Dmd

Account Activity:

Total Diue Date  |Bill Product Reading |Usage Service Charges

Service Dates

Charges

315868  |090X10 |Amersn  |ELECTRIC SERWICE  |7/22010- |1500 KWh |Service - §158.68
11184018 #22o Taxes - $0.00

315868  |020510 |Amersn  |ELECTRIC SERWICE  |&2210- |1500 KWh |Service - $158.68
11184818 7220 Taxes - $0.00

514301  |070710 |Ameren  |ELECTRIC SERVICE EE%'}E - |t1so0kwm |Service - 314301
11134918 Taxes - $0.00

F1E9.11 0GarM0 | Amersn ELECTRIZ SERYICE 42210~ | 2700 KWh | Service - $1508.11
11134918 522110 Taxes - 30.00

521242 0R0a/M10 | Amencn ELECTRIC SERVICE 2410 - (4200 KWh | Semvice - $212 47
11184018 4220 Taxes - 50.00

355360 (0403010 |Amersn  |ELECTRIC SERWICE  |22310-  [13800 KWh | Service - $553.60
11134918 32410 Taxes - 30.00

583081 (020910 |Amersn  |ELECTRIC SERWICE  |w28010- [21600 KWh | Service - $830.81
11184918 223 Tanes - $0.00

538208 |020910 |Amersn  |ELECTRIC SERWICE  |12/23/02- |Z2800 KWh |Service - $862.05
11134818 i/zann Taes - 50.00

582001  |01A310 |Amersn  |ELECTRIC SERWICE  |11/22/00- |21600 KWh |Service - $820.01
11184018 12/28/08 Taxes - $0.00

524185 1207100 |Amersn  |ELECTRIC SERWICE  |1V21/02- |5100KWh |Service - §241.85
11184018 11/2200 Taxes - 50.00

517878  [110500 |Amersn |ELECTRIC SERWICE |@22000- |3300 KWh |Service - §178.7%
11184018 iz Taxes - 50.00

$130.80 100a/00 | Amenen ELECTRIC SERWVICE Br2300 - 1500 K2Wh | Service - 3130 85
11134918 222108 Taxes - 30.00

Fiad 40 0004008 | Ameren ELECTRIC SERWICE TI2A00 - 1800 KOWh [Service - 3164 40
11184018 g2 Taxes - 50.00
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12.6.2 OBTAINING QUALIFYING FACILITY STATUS AS A COGENERATION OR
SMALL POWER PRODUCTION FACILITY

What is a Qualifying Facility?

A Qualifying Facility (QF) is a generating facility which meets the requirements for QF status under
the Public Utility Regulatory Policies Act of 1978 (PURPA) and part 292 of the Commission's
Regulations (18 C.F.R. Part 292), and which meets certification and registration requirements for QF
status.

There are two types of QFs: cogeneration facilities and small power production facilities. A
Cogeneration Facility is a generating facility that sequentially produces electricity and another form of
useful thermal energy such as heat or steam that can be used for industrial, commercial, residential or
institutional purposes, and otherwise meets their requirements of 18 C.F.R. {§ 292.203(b) and 292.205
for operation, efficiency and use of energy output.

A Small Power Production Facility is a generating facility whose primary energy source is renewable
such as hydroelectric, wind, solar, biomass, waste, or geothermal resources, and that otherwise meets the
requirements of 18 C.F.R. §§ 292.203(a), 292.203(c) and 292.204. Small power production facilities are
limited in size to 80 MW, with the exception of certain types of facilities certified prior to 1995 and
designated as "eligible" under section 3(17)(E) of the Federal Power Act (FPA') (15 U.S.C. § 796(17)(E)
), which have no size limitation.

1. Additional Information on obtaining gualifying facility status may be found at www.ferc.gov by searching
for “QF” or “qualifying facility” or using this direct link to the FERC site at
http://www.ferc.gov/industries/electric/gen-info /qual-fac.asp.

2. The procedures for becoming a qualifying small power production facility or a qualifying cogeneration
facility are outlined in the 18 CFR §292.207 of the Federal Energy Regulatory Commission (FERC)
regulations implementing PURPA.

3. 18 C.F.R. 292.203 establishes an exemption, for generators with net power production capacities of 1
MW (1,000 KW) or less, from the requirement to file a Form 556 in order to obtain QF status. To
determine if you are exempt from the requirement to file a Form 556 for your facility, based on the small
size of your facility, download the Form 556 and complete section 7. If the value you obtain in line 7g is
less than or equal to 1,000 KW, then your facility is exempt from the Form 556 filing requirement.
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12.6.3 EXCERPTS FROM FEDERAL REGULATIONS 18 C.F.R. PART 292

PART 292—REGUILATIONS UNDER SECTIONS 201 AND 210 OF THE
PUBLIC UTILITY REGULATORY POLICIES ACT OF 1978 WITH
REGARD TO SMAILL POWER PRODUCTION AND COGENERATION

§292.202 Definitions.

For purposes of this subpart:

(a) Biomass means any organic material not derived from fossil fuels;

(b) Waste means an energy input that is listed below in this subsection, or any energy input that has Iittle or
no current commercial value and exists in the absence of the qualifying facility industry. Should a
waste energy input acquire commercial value after a facility is qualified by way of Commission certification pursuant to

§292.207(b), or self-certification pursuant to §292.207 (a), the facility will not lose its qualifying status for that reason.

(Analysis: In the case of Greensbottom, the energy input to the facility is water pressure)

) 292.203 General requirements for qualification.

(a) Small power production facilities. Except as provided in paragraph (c) of this section, a small power
production facility is a qualifying facility if it:

(1) Meets the maximum size criteria specified in §292.204(a);

(2) Meets the fuel use criteria specified in §292.204(b); and

(3) Has filed with the Commission a notice of self-certification, pursuant to §292.207(a); or has filed with
the Commission an application for Commission certification, pursuant to §292.207(b) (1), that has been

granted.

(b) Cogeneration facilities. A cogeneration facility, including any diesel and dual-fuel cogeneration facility, is a
qualifying facility if it:

(1) Meets any applicable operating and efficiency standards specified in §292.205(a) and (b); and
(2) Has filed with the Commission a notice of self-certification, pursuant to §292.207(a); or has filed with
the Commission an application for Commission certification, pursuant to §292.207(b) (1), that has been

granted.

(Analysis: Note that Greensbottom would not qualify as a Cogeneration Facility)
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(c) Hydroelectric small power production facilities located at a new dam or diversion. (1) A hydroelectric small power
production facility that impounds or diverts the water of a natural watercourse by means of a new dam
ot diversion (as that term is defined in §292.202(p)) is a qualifying facility if it meets the requirements of:

(Analysis: Note that Greensbottom would not qualify as a “Hydroelectric small power
production facilities located at a new dam or diversion”.)

§ 292.204 Criteria for qualifying small power production facilities.

(a) Stze of the facility—1) Maximum size. There is no size limitation for an eligible solar, wind, waste or
facility, as defined by section 3(17) (E) of the Federal Power Act. For a non-eligible facility, the power
production capacity for which qualification is sought, together with the power production capacity of any
other non-eligible small power production facilities that use the same energy resource, are owned by the
same person(s) or its affiliates, and are located at the same site, may not exceed 80 megawatts.

(b) Fuel use. (1)(1) The primary energy source of the facility must be biomass, waste, renewable resources,
geothermal resources, or any combination thereof, and 75 percent or more of the total energy input must

be from these sources.

(Analysis: In the case of Greensbottom, pressure reduction is considered to be “waste”.)

Missouri Department of Natural Resources Page 43 Missouri American Water / Ross & Baruzzini

Project G11-SEP-RES-03 St. Louis, MO



Missouri Renewable Energy Study: Investigating Pump Applications for

Pressure Reduction and Electrical Energy Recovery

Appendix

12.6.4 EXCERPTS FROM STATE REGULATIONS 4 CSR 240-20.060

heating, central hot water heating, cenmral
wentilatng and central air-cond itioning sys-
teemis; o

{F) For all portions of clectricity in com-
mercial wnits in buildings with cemtral space
heating, wentilating and air-conditioning sys-
bemss.

(5) Any person or entity affected by this male
may file an applicaton with the commission
=ecking A variance from all or pans of duis
rule {4 CSRE 24020050 and for good cawse
=hown, variances may be granted as follows:

{A) The variamce mequest shall be filed in
writing and directed to the sooretary of the
Commisskon;

(B) If the commission deems it in the pab-
lic imberest, a hearing may be held by the
Commission & im complaint heanngs before
the commission ; and

(C) A ariance commuittee comsisting of
two (2) members of the commission's utility
division =taff and a member of the commis-
=ion’s general counsel’s office shall be estab-
Lighed by the commission within thinty (340)
days from Sepiember 28, 1981, The public
counsel shall be an ar gfffade member of tis
COmmitges.

1. The variance committes shall consid-
er all variance applicatons filed by wtilities
and shall make a written recommendaton of
its findings to the commissien for its
appmval.

2. Each applicant for a variance shall
have ten (10) days from the date of the vari-
ance committee™s findings o either accede or
roquest a formal hearing before the commis-
=i,

3. IF applicant accodes, the commizsion
may adopt the waTiance commites"s fmdings
or st the matter for formal hearing upon the
application of amy interestad persom or wpon
the ComMMESIon s oW M GO,

(%) The commission, in iE discretion, may
approve tariffs filed by anelectic corporation
which are more resrictive of master metering
than the provisioms of this rule.

AUTHORITY: secrion 386 250, REMo Supp.
FOOT * Chrigingl rule filad March 13, 1980,
effeaive Dec, 15, 1980, Emergarncy amemnd-
menr filed May 13, 1981, afective May 31,
FORY, expired Seps. 28, 198, Amendad: Filed
May 13, 198, effeaive Sepr. 28, 1981

Tnpingl swhorsy: 86250 RMo 19239, ameadsd
s, 197, 977 1980, 1987, MO&8 1990

4 SR 240-200060 Cogeneration

(1} Definitions. Terms defimed i Gie Public

Utility Regulatory Policics Aot of 1978

(PIURPA) shall have the same meaning for

purposes of this rule as they have under

PLUTRPA, unless further defimed in this rule.
ided he i

{B) Back-up power means electric energy
or capacity supplied by an electnic wtility o
replace energy  ondinarily generated by a
facility’s own genemtion equipment during an
unscheduled owtage of the facility.

1C) Imcrconnection opsts means the roa
somahle costs of connection, switching,
metering, transmission, distribwtion, safety
provisions and administrative costs inoemed
by the eectric wtility directly melaed o the
installation and maintenance of the physical
facilitics necessary o permit intercommectod
operations with & qualifying facility, to the
exient those costs are in excess of the oorre-
sponding costs which the eeoric  wility
would have imcurred if & had not engaged m
intemonnected operations, bt nsead gener-
ated an oquivalent amount of elaciic energy
itgelf or purchassd an equivalent amount of
clectric emergy or capacity from other
spnmes. Intemonnection costs do not inclede
amy oosts inchudod in the cakculation of anoid-
ed costs,

D) Intermptible poser means  electric
encrgy of capacity suppled by an electric
wtility subject to imterruption by the electric
wtility under specifiad cond itions.

{E) Maimienance power means eleciric
encrgy or capacity supplicd by an electric
utility durimg scheduled owtages of the quali-
fying facility

{F) Punchase means the punchase of cec-
tric energy or capacity or hoth from a quali-
fying facility by an eloctric wtility

10) Qualifying faciity means a oO@eners-
tiom facility or 3 small power prosduction
facility which is a qualifying facility under
Subpant B of Part 292 of the Faderal Encroy

Regulatory Commissions (FERC) mguls
tioms.

(H) Rate mecans any price, rae, charge or
classificaton made, demanded, observed or
received with respect to the sale or purchase
of electric energy or capacity or any ruke or
practice mespocting amy such rate, charge or
classificaton and any comtract pertaiming to
the =zale or purchase of cloric encrmy or
capacity

{I} Sale means the zale of electnc energy or
capacity or both by an ceoric wility to a
qualifying facility.

(1) Supplementary power means @ lacinc
cnerry or capacity supplicd by an electric
uiility, regularly wsed by a qualifying facility
im adaiition & that which the facility gemerates
itzelf.

(K Sysgem emergency means a comdition
ona wiity’s system which is likely o mesult
in imminent significant d sruption of service
o comsumers or is imminendy likely to

endanger life or property.

(2) Arrangements Between Electric Uhilides
and Qualifying Cogencration amd  Small
Power Pmoduction Faciliies Under Section
210 of the Public Uhility Regulatory Policies
Act of 1978,

(&7 Applicability. This section applies to
the regulation of sales and purchases between
qualifying facilides amd eloctric utilities.

{B1 Negotated Raies or Terms. Nothing 1
thiz zaction—

1. Limits the awthority of any elocinc
uiility or any gualifying faciity i agmee o2
raic for amy purchase or terms or conditions
relating to any purchase, which differ from
the m@ie or temms or conditions which would
otherwize be reguired by this rule; or

2. Affects the validity of any ooniract
enterd into between a qualifying facility and
an clectric utlity for any punchase.

(C) Every regulated wtility which provides
remmil electric service in this staie shall enier
imto A comtract for paralle] gencration service
withanmy customer which is a qualifying facil
ity, wpon that customer’s request, when that
customer may connect adevice to the wtility™s
delivery and meterimg service o fmAnsmit
clectrical power prodeced by that customer’s
COETEy Enermting system i e wtility's
Eystem.

1. The wtility shall supply, install, own
and maintain all necessary meters and assock
ated eguipment wsed for hilline. The costs of
any such meiers and associmted cguipment
which are besond those eguired for service
to a customer which is not a qualifying facik
ity shall be borne by the customer. The wtili
iy may install and maintain, a0 iE cgpense,

& CODE OF STATE REGULATIONS (33103} Matr Buust
Sncretary of State
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load ressamh meiering for monitoring  te
CUSHOMET s energy gencration and wsage.

2. The customer shall supply, insall,
opermte and maintain, in good mepar and
withowt cost to the wtility, the relays, locks
and seals, breakers, automatc synchronizer, a
diisconnecting dewice and other conrol and
poictve devices mequinesd by the wility to
oiperaie the customer s generating System par-
allel o the wiliy’s sysiem. The customser
dlen shall supply, withowt oost @0 tee wiliy, a
suitable location for meters and associated
cxquipment used for hilling, load mesesarch amd
distonnection,

3. The customer shall be reguired to
reimburse the wtility for the cost of any oguip-
meni or faciiities required as a resuli of con-
mecting the oustomer’s genemting  sysem
with the wility’s system.

4. The customer shall notify the wtility
prior to the initial testing of the customer’s
cenerating gysteme and the wtility shall hee
the right to have a representative present dur-
img the testing,

5. Meers and assocised oguipmemt
weed for hilling, load research and conmection
and dieconnection shall be acceesible at all
times bo wiility persomnel.

6. A maneal disconmeot switch for e
qualifying facility must bee prowvided by e
customer which will be wnder the exlusive
caomirol of the wtility dispatcher. This man &l
switch must have the capahility to be locked
ot of service by the wility-suthorized
switchmen as a pan of the wiility’s work-
man’s protection assuranc e procedures. The
customer must also prosvide am isolating
dievice which the customer has access o amd
which will serve as a means of isolation for
the customer s equipment during any qualify-
img facility maimtenance activitics, mutne
otages or emergencics. The wtility shall give
motice to the customer hefom 5 mames] switch
i= locked or an isolating device wsed, if pos-
sible; and otherwise shall give notice as soon
5 pRGicable aficT /oking of 6.

() Mo customer’s genemting system or
connecting device shall damage the wiility s
gysicm 0T cquipment of present an undue
hearard to wtility personmel .

(E) If harmomics, volage fluctuations or
oither dizruptive problems <n the utility"s sys-
tem are directly attributab le o the operation
of the ousiomer, these problems will be cor-
rected at the cusimmer’s expen.

{F) Every contract shall provide fair com-
pensation for the electrical power supplicd to
the wtility by the customer. If the wtility and
the sustomer canmat arrse o the erms and
caonditions of the conract, the Public Service
Commission (PSC) shall estmblish the terms
and conditions upon the mguest of e wility

or the customer. Thaose termes and conditions
will be cstablished in accondance with Sec-
tiom 210 of the Public Utility Regulatory Poli-
cics Act of 1978 and the pmovisions of this
rule.

1) Heotric Utility Obligati Under Thi
Rk,

{A) Obligation o Purchase From Qualify-

ing Facilities. Each electric autility shall pur-
! - " i - -

1. Dircctly to the cloctric wtility © or

2. Indirectdy 0 the elecric wiility in
mile,

{ B) Obligaton to Sell to (Jualifying Facili-
tics. Each eloptric wiility shall sell to amy
qualifying facility, m accordance with scotion
(5) of tis mle, amy encrgy and capacity
requestad by the qualifying facility

{C) Obligation i Interconmect.

1. Subject to paragraph (INC2. of this
rule, any clecric wtility shall make imtercon-
nmections with any gualifying facility as may
he mocessary to accomplish  purchases or
sales under this rule. The obligation to pay
for any imierconnection coss shall e deer-
minad in accordance with section (6) of this
rule.

2. Mo electric wtility is required to inier-
comnect with any qualifying faciliy if, solely
by reason of purchases or sales over the nier-
comnection, the electric wility would hecome
subsject to regulation 2 4 public vtility under
Part I of tw Foderal Power Act

(I Transmizssion to Other Electric Utili-
tice. If a qualifying facility agrees, am cleotric
utility which would otherwise he ohligaed to
purchase cmcrgy or capacity from a qualify-
ing faciliy may transmil the <Hergy O Capac-
ity to any other clectric wtility Any electric
wtility to which energy or capacity is tmns-
mitisd  chall ]-uun-'h.ng -'hiﬂ:'r} T ﬂ.‘q‘}.‘!ﬂ%
under this subsection (3)(0) as if the qualify-
ing facility were supplying energy or capaci-
ty directly & the elecric wility The rate for
purchase by the clectric wility i which such
encrgy is tmnsmitted shall be adjusted up or
doam to reflect ine losses pursuant to para-
graph (4WEM. of this rule and shall not
include any charges for transmission.

{ E) Parallel Operation. Each elecoric wtili-
ty zhall offer to operate in pamallel with a
qualifying facility, provided that the qualify-
ing facility complics with amy applicable stan-
damds estahlished in acoomdamee withi szction
{8) of this mule.

{4) Ratcs for Purchases.

(AD Rates for purchases shall be just and
reazomable to the electric comsumer of the
clecmic wtility and in the public interest and
chall mot  discriminate acaimst gualifying
copemeration _and  small power  produoction
facilities. Mothing in this mle reguirs any
clkecric wiility 0 pay more than the awoided
costs for punchases.

{B) Relatonship to Avoided Costs.

1. For purposes of this section, now
capacity means any purchass from capaciy
of aqualifying facility, constrsction of which
was commenced on or afier Movember 9,
1978,

2. Subject to paragraph ()(B)3. of this
rule, & raie for punchases satisfies the medguine-
menis of subsecion {4 HA) of dis muic if the
rate exquals the avoidad costs determinad after
consideraton of the faciors set forth in sub-
section (4 E) of this rule.

3. A rabe for purchases (ther tian from
nmow capacity) may be less than the awoided
cost if the PSC determines that a lower rate &
consistent with subssction (44.A) of this rule
and i= suffickent to encourage cogencration
and small power prodec tion.

4. Fat= for punchases foom new capac-
ity shall be in accomiance with paragraph
(4WB12. of this i, recandless of whether
the cleotric wtility making the purchasess &
simultancously making sales o the qualifying
facility.

5. In the casc in which the mics for pur-
chase= are hased wpon estimates of awoided
costs over the specific term of dhe contract or
other legally enfomccable obligation, the mates
for the purchases do mot violate this pam-
graph if the rates for the purchases differ
from avoided costs at the tme of delivery.

(s Standard Faes for Puchases,
- .
L—Tm—m‘m‘w i wrility and

finr parchases fom qualifving faeilities with 5
design capacity of ome hundeed (1000 kilo-
walts or less.

JER— T P T
I

2. ek may e pui inin f AT
rates for purchases foom qualifyine facilitics

with 8 dezion capacity of mome than one hun-
drod £100) kilowatts,

3. The siandand mies for purchases
under this subesection shall be consisiemt with
suhsections (4)(A) and (E) of this mile, and
may differentiate amomg qualifying facilitics
using various techno bogies on the basis of the
supply characeristics of the different tech-
nologics,

(D) Purcha=es as Axvailable or Purswant to
a Legally Enfomrceable Obligation. Each qual-
ifying facility shall hawe the option sither—

1. To prawide encrgy as the qualifying
facility determines thiz encrgy o he maiahle
fior the purchases, in which casc the mies for

MaTT B (331003} CODE OF STATE REGULATIONS 5
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the purchaases shall be based on the purchas-
img wtility’s avoided costs calculated at the
time of delivery; or

2. To provide energy or capacity par-
suant to & legally enforceable obligation for
the delivery of cnergy or capacity over a
specified term, in which case the mites for the
purchases, at the option of the gqualifyng
facility exercised prior to the beginming of the
specified term, ghall be hased on cither the
avoided costs calculated at the tmee of deliv-
ery or the awided costs calculated at the time
the obligation is inoumed.

(E) Factors Affecting Baes for Purchaszs.
Im determining avoided costs, the following
factors, to the cwbent practicable, shall he
taken inbo ACooun:

I. The data provided purseant to 4 CSR
240-3.155, includling PEC review of any such
diata;

2. The availability of capacity or energy
from a qualifying facility during ihe system
daily and scasonal prak poriods, incheding

A The ahility of the utility to dis-
peatch e qualify ng faciliny;

B. The cxpecied or demonstraied reli-
ahility of the qualifying facility;

C. The terms of any contract or other
lzgally enforceable obligation, mciedng the
duration of the obligatgon, termnation notdce
roguirement and sancioms for moncompli-
ance;

D). The extent to which schoduled owi-
ages of the qualifying facility can be usefully
coondnated with scheduled outages of the
witiliny s facilities;

E. The uszefulness of encrgy and the
capacity supphed from a gualifying faciliy
diuring system emergencics, inchding its shil-
ity to sopamte iE load from its generaton;

F. The individual and ageregate value
oof energy and capacity from qualifying facil-
itics on the elecoric wility™s system; and

G. The smaller capacity incrments
and the chomper lead fimes gvailshle with add-
thons of capacity from gqualifying facilities;

3. The relatisonship of tie sailbility of
emergy or capacity from the qualifying facili-
ty as derived in pamgmph (4ME)2. of tis
rule, to the ability of the eloctric wtility to
avoid costs, including the deferral of capacity
additions and the reduction of il wee; and

4. The costs or savings mswltng foom
variations in line Losses from those that would
heave existed in the absence of purchasss frem
A qualify mg facility, if the purchasing clectric
wtility genemied an equivalent amount of
emerey ieslf or pumhassd oamo equiveleEmt
amount of eleciric encrgy or capacity.

(F) Periods During Which Punchases mot

Rooquinod -

1. Amy electric wtility which gives notice
purseant to paragraph (4)0(F)2. of this rule
will mot he reguined i punchase eedric encr-
oy or capac ity durimg any period which, due
to operational circumstances, punchases from
qualifying facilides will result in costs greater
than those which the wtility would imour if it
did not make the purchases, but instzad gen-
eratad an eguivalent amount of energy itself.

2. Any clkcmric wtility secking to imvoke
paraeraph (AN F)l. of this melz must motify, in
accordance with applicable sate law or rule,
cach affected qualifying facility im sdime for
the qualifying facility to coase the delivery of
encrgy or capacity to the clectric wtil ity

3. Any clectric wtility which failk o
comply with the provisioms of paragraph
{(4MF2. of this mle wil be required to pay
ithe same rae for the purchase of enemy or
capacity as would be required had thee perind
described im pamgraph ()3F)1. of this rule
mot oocurred.

4. A claim by an clecric wility that this
period has oocurrad or will occur & subject
to werification by the PSC as the PSOC deter-
Mines Necessary or appropriate, cither before
ar afier the acourrence.

(5) Raies for Sales.

{A) Rates for sales shall be just and rea
somable and in the public imterest and shall
nmot discriminate against any gqualifyimg facili-
ty in companson to mics for sales o other
customers served by the dectric uidlity. Rates
for =ales which ame hased on accurate data
and consistent sysem-wide costing principles
shall not be considered to discriminate
against amy qualifying facility to thee extent
that those mies apply to #we wdlity’s other
customers with simidlar load or other cost-
related characteristics.

(B) Additional Services to be Provided to
(nealifying Facilitize.

1. Upon request of a qualifying facility,
cach electric wtility shall provide supplemen-
ATy power, DAcK=up powcr, mainicnance
power and interruptible power.

2. The PSC may waive any mequirement
of pamgraph (3E)l. of this mule if, afier
motce in the ara served by the electric wtili-
ity and after opporimity for public comment,
ithe eleciric wility demonsraes and the PEC
finds that compliance with sthat requircment
will impair the clectric wtility s ahility to ren-
dier adequate service 1o its oustomers or place
an undue burden on the eloctnc wtility

{C) Raes= for Sale of Back-Up and Mainte-
mamce Power. The rate for salkes of hack-up
[POWET O MATIETATCE Power—

1. Shall mot be hased wpon an assump-
tiom (unless supported by facheal data) that
forcod outages or oter rodwctions i clecric

output by all qualifyimg facilitics on an elec-
tric wiility s system will oocur simu tancouwsly
or during the system peak or baoth; and

2. Shall take into account the extent to
which scheduled owtages of the qualifying
facilities cam be uwsefully coondinated with
scheduled owtages of the wility's facilitics.

(6) Inmterconnection Costs,

(AD If the wtility and the qualifying facility
cannot reach agreement as o the amount or
the manmer of pay ment of the imtercon mection
costs to be paid by the qualifying facility, the
FSC, after hearing, chall aseees againest the
qualifying facility those interconmection costs
to be paid to the wiility, on 8 nondiscriming-
tory haske with mepect i other cusbomers
with similar load chamcteristics or shall
dotermine the manner of payments of the
miemonmection coss, which may  mclsde
reimbumement over a reasonable period of
time, or hoth. In detemmining the terms of
any reimbursement over a periad of time, the
commission shall provide for adegquate camy-
ing charges associated with the wtility s
imvestment and socurity to insure total reim-
bumsement of the wility"s incurred costs, if it
doems NeceSEAry.

(T) System Emergencies.

(A] Qualifging Facility Ohligation 1o Pro-
vide Power During System Emergencics. A
qualifying facility shall be required to provide
cneTEy OT capacity i an clectrnc wility dur
ing a system emergemcy only o the cxtent
pmvidsd by spresment betwesn the qualify-
ing facility and electric wtility or ordersd
under sectiom 202c) of the Federal Poaer
Act,

(B Dizcontinuance of Punchases and Sales
Durimg Systerm Emergencics. During any sys-
tem cmergency, an cheotric wiility may dis-
contine punchases from a qualifying facility
if those purchases would comtribute to the
cmcrEoncy and zalcs to a qualifying facility,
provided that discomtimeance is on a nondis-
crimimatory hasis.

(8) Smndards for Opemting Reliability. The
PSC may establish rcasonable sandands to
cnsunc gysteme safety and meliahility of inber
connecied operations. Those standands may
he recommended by amy clectric wility, amy
qualifying facility or amy other person. I the
PSC estahlishes standards, it shall specify the
noed for the sandands on the basis of system
safety and meliahility.

{9 Exemption to Qualifying Facilities From
the Public Utiliy Holding Company Act and
Certain Stae Law and Fules

1 CODE OF STATE REGULATIONS (33103} Mam BuumT
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(A} Applicahility. This section applics to
qualifying cogeneration facilitics and qualify-
ing =mall power produection facilities which
have a power production capacity which does
mot exceed thiny (30 megawatts and to any
qualifying small power production faciity
with a power pmoduction capacity over thinty
{30 megawats if that facility produces elec-
tric enerzy solely by the use of biomass as a
Primary enersy sounce.

(B) A qualifying facility described in sub-
section (1 MA) shall not be considersd to he
an electric wtility company as defined in sec-
tiom 2a)3) of the Public Utlity Holding
Company Act of 1935, 15 U.5.C. TObia)3).

(Cy Amy gualifying facility shall he
exempted (except as otherwise provided)
from Missouri PSC law or rule mepecting the
mtes of electric wilities and the financial and
organizational regulation of electric wtilities.
A gualifying facility may nmot be exempted
from Missouri PSC law and mule implement-
ing subpant C of PURPA.

AUTHORITY: secieons 386,25  and
393 140, RESMo 2000.* (riginal rmide filed
e, 14, 1980, afeaive May 15, 1981
Amended: Filed Aug. 16, 2002, efeoive
April 30, 2003,

*Oripinal auhority: 386 280, RSMo 1939, amedsd
IO I0aT, JOTT, 1980, [98T, TOR8 JON, 1993, 1993,
T'906 and 393 140, RiMo 1939, aweded 19499, 1967

4 CSR 240-20. 065 Net Metering

PURPOSE: This rnule implements the Na
Metering and Easy Conmection Aot {fection
386, 80, RSMo Supp. AN and essblishes
standards for interconneaion of qualified ney
mEleTIRg WRILS (pemerning capacity of one
Fundred kdowarsy (M0 EW) or less) with dis-
rribugion systems af alectric wilites

(1) Definitions.

(A) Avpided fuel cost means the current
annueal average cost of fuel for the electric
utility as caloulated from information com-
taimed im the most recent annual repont suh-
mitied to the commission purseant to 4 C5R
240-3 165, Annual average cost of foel will
e calculated from information on the Steam-
Electric Generating Plant Sttistcs Sheots of
the anmueal repont. This annweal averaze cost of
fisel shall he identfied in the net metering
tariffs on file with the commission and shall
bhe wpdated anmeally within thirty (30) days
after the clectric wility s anmeal report is suh-
mitted.

(B) Commission means the Poblic Service
Commission of the state of Missown.

(C) Custvmer-generator means e owner

or operatnr of a qualified elkecric energy gen-
eration unit that meets all of the following cri-
teria:

I. k& powered by a remewable encroy
TEEOITCE

2. ks an electrical generating system with
a capacity of not more than one hundred kilo-
watts { 100 kKW);

3. Is located om premises that are
owned, opermtad, leased, or otherwize con-
trolled by the customer- generator;

4. I= merconnactad and opermates in par-
allzl phasze and synchmnization with an elec-
tric wtility and has been approved for ineer-
connection by said electric wtilitg ;

5. Is imtended primarily to offset part or
all of the customer- genermator’s own electrical
energy roguirements;

6. Meets all applicable safety, perfor-
mance, imerconnection, and reliahility stan-
danis esmhblished by the MNational Electrical
Code, the Mational Elecirical Safoty Code,
the Instimie of Elecirical and Electronics
Engineers, Underwriters Laboratories, the
Federal Energy Fegulamry Commission, and
any local governing awthorities; and

T. Contains a mechani=m that awiomati-
cally dizables the unit and interrupts the flow
of electricity oni the cectric wtility"s electri-
cal lines whenever the flow of electricity to
the customer-generaior is intermepied.

() Distribution system means facilities for
the distribution of clectric energy o the ulti-
mate consumer thereof.

{E) Electric uwiility means every electrical
corporation a5 defimed in section 3860200 15),
RSMo 2000, subject to commission regula-
tiom purseant to Chapter 393, RSMao 2000,

(F) Met meering means using mebenng
oquipment sufficient to measume the differ-
ence hetween the elecrical encrgy supplied
to A customer-gencrator by an clectric wtility
and the electrical enerry supplicd by the cus-
tomeer- generator i the clectric wtility over the
applicable billing period.

{G) Rencwshle energy respumes  MOoans
clectrical energy produced from wind, solar
thermal sources, hypdmelectric sources, pho-
towoltaie cells and panels, foel cells wsing
hydrogen produced by one (1) of te above-
named electrical emergy sounces, and other
spurces of energy that become available after
Awgust 28, 2007, and ame certified as renew-
gble by the Mizzouri Depanment of Natural
Fesources.

(2) Applicability. Thiz rule applies o electric
utilities and customer- gene rabors.

(3) Elecmric Utility Ohlig ations.

{A) Met metering shall be available to cus-
toimeEr- geEnerators on a first-come, first-served
hasiz wntil the total rated genemting capacity

of net metering systems oquals five pemrcent
(5%) of the elecric wtility s Missouri juris-
dictonal single-hour pesk load during the
previous year The commission may mcrease
the total rated pemermtine capacity of net
meering systems & an amount shove five
percent (3%). However, in a given calendar
year, no electric wtility shall be reguired to
approve any application for interconnection if
the total rated generating capacity of all appli-
cations for intenconnection already approved
to date by zaid electric wtility in zaid calendar
year equals or excesds one percent (1% ) of
zaid elearic wtility’s single-hour peak load
for the previous calendar year.

(B) A @riff or contract shall be offersd that
iz identical in electrical energy raies, mite
structure, and monthly chamres to the contract
or tariff that the customer would he assiened
if the customer wers not an eligible cus-
tomee - generator but shall not charge the cus-
tomer-generator  any  additional  standhby,
capacity, imtemonmection, or other fee or
charge that would ot ctherwise be chargsd if
the customer were not an eligible cwstomer-
CCTIETALOT.

(C) The availability of the nat motering
program shall be disclosed anmueally i each
of its customers with the method and manmer
of disclosure being at the discregon of the
elecric utility.

() For any cawse of action relating to amy
damages to property or person causad by the
generation wnit of & customer generator or
the imterconnmection theraof, the electric wili-
ty shall have no lishility sheent clear and con-
vincing evidence of fault on the part of the
supplier.

(E) Any costs imcumad under this rule by
an elacmic wtility not recovened directly foom
the customer-generator, as identified in
(5MF), shall ke mecoverable in that electric
utility "s rate structure.

(F) Mo fee, charge, or other meguirement
not specifically identified in this rule shall he
imposed unless the fee, chamme, or other
reguirement would apply to similarly sineatoed
customers who am not CEstome r-ge nerainTs.

{4) Cusiomer-Generator Lishility Imsurance
Oibligation.

(A) Customer-generainr systems  greater
than ten kilowatts (10 kW) shall carry no les
than one hundred thousand dolars (5100, 0005
of liahility insumnce tuat provides for cover-
age of all risk of liability for personal injuries
{imcluding death) and damage to propeny
ansing owt of or cawsed by the operation of
the net metering unit.  Insumance may be in
the form of an existing policy or an endorse-
ment on an existing policy.

(B) Customer-gencrator systems ten kilo-
watts | 10 kW) or less shall mot be required to
carry lighility insurance; however, any @riff

Roam Camianas (BF30/09) CODE OF STATE REGULATIONS 1
Secretary of State
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12.6.5 AMEREN MISSOURI - ELECTRIC POWER PURCHASE RATE

UMION ELECTRIC COMPANY ELECTRIC SERVICE

Sth Revised

SHEET MO 2

F.3. . MO, ILL. &, G, . 3T. C. C. 3CHEDULE MO,

GAMGELLING 3GHEDULE NG 1

4th Revised

GHEET HO. z

AFFLYING TO MISSOURI SERVICE ARER

k. ELECTREIC POWER PFURCHASES FROM QUALIFYING F.

ITIES

. This tariff am
ergy and o
to as "Customer™)

ndsr

hase.

1 Bats

Time-Differentiaced Energy Rate

Weskday (LI 10 EM)
Weskday (LI 10 AM)

Saturday, Sunday, Holiday (1)

Winter Laze

Cctober t©

1}

gand Christmas Day.

*Indicates Change.

he provisions

J of the Missouri Fublic Service Commission.

The standard rates for purchase from a
capacicy of 100 kW or less ars as follows:

1 monthly billing pericds of June

%8¢ per kih

B monthly billing pericds of

7ot per

5 licable during 4 monthly

8 monthly billing pericds of

r kiWh
r kih
r kiWh

kih

billing periocds of June

ki
ki
ki

Christmas Eve

F.2.C. Mo. DATE OF I23UE Jaruary 14, 2011 DATE EFFECTIVE February 15, 2011
BauEDEY  Warmer L. Baxter Fresident & CEC St. Louis, Missouri
WAME OF OFFICER TALE DREZ3
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UNION ELECTRIC COMPANY ELECTRIC SERVICE
FECMD AL CC, LA ST G O SCHEDULE NO. 1 1% Reviged SHEETNO, 1
GANGELLING SGHEDULE HQ 1 ORIGINAL SHEETHG. 3 (M)
APFLYING TO MIESSOURI SERVICE RRER
g%, ELECTRIC POWER PURCHASES FROM QUALIFYING FACILITIES - [ CONTINUED)
3. Customer Tharge (per meter required for parallel operation)
Hon-Time Differentiated Energy
54.00 per month = Single Phase
56.00 per month - Three Fhase
Time Differentiated Energy
513,00 per month - Single Phase
$15.00 per menth - Three Phase
4. Eilling
Monthly billing between Company and Customer shall be im
accordance with the Contract between the parties.
¢ ITndicares Reissue
F.5.C. Mo, DATE OF IS5UE huogust 14, 2003 DATE EFFECTIVE August 28, 2001
ISSUED BY C. W. Mueller Chalrman & CEQ St, Louig, Missouri
HAME OF OFFICER TITLE ADDRESS
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12.7 CALCULATIONS
12.7.1 LIFE CYCLE COST ANALYSIS SUMMARY
NIST BLCC 5.3-10: Summary LCC
Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A
General Information
File Name: J:\882-55 Greenshottom\Data\Greensbottom PAT Study.xml
Analysis Type: FEMP Analysis, Energy Project
Project Name: Greensbottom - PAt Study
Project Location:
Analyst: Ross & Baruzzini
Base Date: January 1, 2012
Service Date: January 1, 2013
Study Period: 30 years 0 months (January 1, 2012 through December 31,
Discount Rate:
Dlscount.lng. End-of-Year
Convention:
Discount and Escalation Rates are REAL (exclusive of general inflation)
Alternative: Base Case - Do Nothing
LCC Summary
Present Value Annual Value
Initial Cost $0 $0
Energy Consumption Costs $121,576 $6,203
Energy Demand Costs $0 $0
Energy Utility Rebates $0 $0
Water Usage Costs $0 $0
Water Disposal Costs $0 $0
Annually Recurring OM&R Costs $0 $0
Non-Annually Recurring OM&R Costs $0 $0
Replacement Costs $0 $0
Less Remaining Value $0 $0
Total Life-Cycle Cost $121,576 $6,203
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Alternative: One Pump PAT System

LCC Summary

Present Value Annual Value
Initial Cost $75,500 $3,852
Energy Consumption Costs -$142,240 -$7,257
Energy Demand Costs $0 $0
Energy Utility Rebates $0 $0
Water Usage Costs $0 $0
Water Disposal Costs $0 $0
Annually Recurring OM&R Costs $9,315 $475
Non-Annually Recurring OM&R Costs $0 $0
Replacement Costs $23,531 $1,201
Less Remaining Value $0 $0
Total Life-Cycle Cost -$33,894 -$1,729

Alternative: Two Pump PAT System

LCC Summary

Present Value Annual Value
Initial Cost $121,500 $6,199
Energy Consumption Costs -$189,802 -$9,684
Energy Demand Costs $0 $0
Energy Utility Rebates $0 $0
Water Usage Costs $0 $0
Water Disposal Costs $0 $0
Annually Recurring OM&R Costs $9,315 $475
Non-Annually Recurring OM&R Costs $0 $0
Replacement Costs $23,531 $1,201
Less Remaining Value $0 $0
Total Life-Cycle Cost -$35,456 -$1,809
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Alternative: Three Pump PAT System

LCC Summary

Initial Cost

Energy Consumption Costs
Energy Demand Costs
Energy Utility Rebates
Water Usage Costs

Water Disposal Costs

Annually Recurring OM&R Costs

Non-Annually Recurring OM&R Costs

Replacement Costs

Less Remaining Value

Total Life-Cycle Cost

Present Value Annual Value

$155,000 $7,908
-$213,465 -$10,891
$0 $0

$0 $0

$0 $0

$0 $0
$9,315 $475
$0 $0
$23,531 $1,201
$0 $0
-$25,619 -$1,307

Alternative: Four Pump PAT System

LCC Summary

Initial Cost

Energy Consumption Costs
Energy Demand Costs
Energy Utility Rebates
Water Usage Costs

Water Disposal Costs

Annually Recurring OM&R Costs

Non-Annually Recurring OM&R Costs

Replacement Costs

Less Remaining Value

Total Life-Cycle Cost

Present Value Annual Value

$189,500 $9,668
-$223,224 -$11,389
$0 $0

$0 $0

$0 $0

$0 $0
$9,315 $475
$0 $0
$23,531 $1,201
$0 $0

-$878 -$45
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12.8 PROJECT TASK AND OBJECTIVE SUMMARY

Sub grant # G11-5EP-RES-03

Investigating Pump Applications for Pressure Reduction and Electrical Energy Recovery

Detailed Milestones and Project Implementation Tasks

Phase | - Initial Data Collection

Start Date: August 24™ 2010

s Collect existing water, pressure, and electrical usage profiles.

*  Survey existing fadility and review existing drawings.

= [Develop one line flow, electrical, and control diagrams.

* Research industry partmerships.

Completion Date: September 28" 2010

Phase 2 - Detailed Project Research Phase

Start Date: September 29 2010

& |nitial project review with cutside consultant.

s« Contact potential industry partners and secure commitment.

& Research existing PAT and Turbine product offerings.

* Research existing PAT applications.

= Research PAT calculation methodologies.

* Research existing PAT control strategies.

Completion Date: December 22 2010

Phase 3 - Data and System Analysis Phase

Start Date: December 23% 2010

& Research allowable operating conditions for PAT products.

* Develop simulation methodology of PAT system.

»  Work with industry partner to develop preliminary product selection.

= Test PAT product selections against simulation model.

= Analyze results of simulation model.

= Review preliminary results with outside consultant.

*  Finalize simulation and detail findings.

Comipletion Date: &pril 15™ 2011

Phase 4 - Qutside Consultant Review and Economic Analysis

Start Date: April 16™ 2011

* Develop draft report.

=  Perform economic analysis based on detailed results.

* Review final results and economic analysis with outside consultant.

* [nCorporate outside consultant comments into draft report.

Completion Date: May 21" 2011
Phase 5 - Final Report
Start Date: May 22™ 2011

* Develop final report.

*  Final report review by outside consultant.

+ |nternal gquality review of final report.

*  |ssuefinal report.

Completion Date: June 21* 2011
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