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Executive Summary

The purpose of this project is to develop a new hybrid chiller that can 1) reduce end-user
energy costs, 2) lower building peak electrical load, 3) increase energy efficiency, and 4)
provide standby power. This new hybrid product is designed to allow the engine to
generate electricity or drive the chiller’s compressor, based on the market prices and
conditions of the available energy sources. Building owners can minimize cooling costs
by operating with natural gas or electricity, depending on time of day energy rates. In the
event of a blackout, the building owner could either operate the product as a synchronous
generator set, thus providing standby power, or continue to operate a chiller to provide air
conditioning with support of a small generator set to cover the chiller’s electric auxiliary
requirements. The ability to utilize the same piece of equipment as a hybrid gas/electric
chiller or a standby generator greatly enhances its economic attractiveness and would
substantially expand the opportunities for high efficiency cooling products.

This product design leverages off a gas/electric hybrid chiller recently commercialized by
Alturdyne. This previously designed unit is a single shaft unit able to operate as either a
gas or electric driven chiller, through the operation of a clutch installed between the
engine and motor. For electrical operation, the clutch is disengaged and the motor turns
the compressor. When gas is the desired choice of energy, the clutch was engaged and
the engine is used to drive the compressor, with the motor continuing to spin, but not
importing or exporting any current. The new unit designed through this project operates
in three different modes:

1. Engine operating and driving the compressor with the motor/generator de-
energized (Gas Chiller Mode)
2. Engine declutched with motor/generator driving the compressor (Electric Chiller
Mode)
3. Engine operating with compressor declutched and synchronous generator/motor
delivering standby power to local bus (Generator Mode)

Though all of the components used to construct the unit are considered ‘off the shelf’
items, the synchronous generator/motor, clutches, and the associated power controls
distinguish this product from other existing chillers.

This new Alturdyne hybrid chiller developed through this project is ready to be deployed
in the field. The unit and its individual components have been factory tested with
satisfactory results. The field testing (to be witnessed by ETL laboratory personnel) will
be performed in accordance with (Air-Conditioning and Refrigeration Institute (ARI) 550
Certification Program. After the field testing is complete, the unit will be monitored for a
minimum period of one year to document the performance of the unit. At the conclusion
of this period of time, barring any unforeseen difficulties, the unit can be ready for further
commercial development.
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After reviewing the cost of this project and the expected maintenance expenditures, it is
estimated that this unit (75 kw — 100 ton cooling capacity) will be available for a cost
between $100,000 to $120,000, depending on some of the options specified. When
compared to the cost of an electric cooling plant (comparable units range from $85,000 to
$100,000), the payback for this unit is between 3 and 4.5 years.

In all modes of operation, additional cost savings are available by utilizing heat recovery
equipment installed with the engine. The recovered energy can be used to preheat a
boiler or domestic water, where available. The unit can also be operated in parallel with
an ice storage system that would allow the chiller to make ice at night and only operate in
the day when the ice storage is depleted.

It is expected that these hybrid chillers will be marketed to commercial buildings,
including schools, business parks, hotels, and office buildings, as well as specific
industrial applications.

Though not defined at this point, recent electric power trends in New York and California
indicate that statewide incentives may be developed for building loading profiles that
reduce peak load. No allowance for this is provided in the financial statements prepared
for this report, however, future development of these incentives would increase cost
savings and further reduce the payback for this unit.

If the unit can performs in the field demonstration as well as initial testing indicates, this

unit will provide a significant saving to its owners as well improve power versatility and
overall reliability.
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1.0 Introduction and Background

Engine-driven chillers are quickly gaining popularity in the market place (increased from 7,000
tons in 1994 to greater than 50,000 tons in 1998) due to their high efficiency, electric peak
shaving capability, and overall low operating cost. The product offers attractive economics (5
year pay back or less) in many applications, based on areas cooling requirements and electric
pricing structure. When heat 1s recovered and utilized from the engine, the energy resource
efficiency of a natural gas engine-driven chiller is higher than all competing products.

As deregulation proceeds, real time pricing rate structures promise high peak demand electric
rates, but low off-peak electric rates. An emerging trend with commercial building owners and
managers who require air conditioning today is to reduce their operating costs by installing
hybrid chiller systems that combine gas and electric units. Hybrid systems not only reduce peak
electric demand charges, but also allow customers to level their energy load profiles and select
the most economical energy source, gas or electricity, from hour to hour. Until recently,
however, all hybrid systems incorporated one or more gas-powered chillers (engine driven
and/or absorption) and one or more conventional electric units. Typically, the cooling capacity
of hybrid chiller plants ranges from the hundreds to thousands of refrigeration tons, with multiple
chillers affording the user a choice of cooling systems. But this flexibility is less of an option for
building operators who have limited room for equipment.

To address this technology gap, a hybrid chiller was developed by Alturdyne that combines a gas
engine, an electric motor and a refrigeration compressor within a single package. However, this
product had not been designed to realize the full features and benefits possible by combining an
engine, motor/generator and compressor.

The purpose of this project is to develop a new hybrid chiller that can 1) reduce end-user energy
costs, 2) lower building peak electrical load, 3) mcrease energy efficiency, and 4) provide
standby power. This new hybrid product is designed to allow the engine to generate electricity
or drive the chiller’s compressor, based on the market prices and conditions of the available
energy sources, Building owners can minimize cooling costs by operating with natural gas or
electricity, depending on time of day energy rates. In the event of a blackout, the building owner
could either operate the product as a synchronous generator set, thus providing standby power, or
continue to operate a chiller to provide air conditioning with support of a small generator set to
cover the chiller’s electric auxiliary requirements. The ability to utilize the same piece of
equipment as a hybrid gas/electric chiller or a standby generator greatly enhances its economic
attractiveness and would substantially expand the opportunities for high efficiency cooling
products.

This project was performed as a government/industry partnership involving personnel from

Department of Energy’s National Energy Technical Laboratory, Alturdyne Manufacturing, Gard
Analytics, Inc., and the Gas Technology Institute.
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2.0 Design and Construction of the Hybrid Unit
Key Challenges

A key challenge during the development of the hybrid gas/electric chiller/generator was to
integrate the three major components of the system (spark ignited gas engine, electric motor
generator, and compressor) with clutches and microprocessor controls to form a cost effective
and reliable single product capable of providing cooling with either gas or electricity, additional
electric power at peak times, and standby electric power.

Another challenge for this project was the development of a controls system that would allow for
automatic mode changes for the hybrid unit as conditions demand. A patented Alturdyne
controls design, which allows the motor/generator to operate as an electric motor or synchronous
generator, has been tested satisfactorily in the laboratory through another project and is presently
ready for field testing. The ability to operate the generator as an electric motor or a synchronous
standby generator is a key technical advancement crucial to the success of this product
development.

Approach to Developing the Hybrid Gas/Electric Chiller/Generator

The product design leverages off of a gas/electric hybrid chiller recently commercialized by
Alturdyne. This previously designed unit is a single shaft unit that is able to operate as eithera
gas or electric driven chiller, with only one clutch operating between the engine and motor. For
electric operation, the clutch is disengaged and the motor turns the compressor. When gas was
the desired choice of energy, the clutch was engaged and the engine drives the compressor with
the motor spinning, but not importing or exporting any current. The new unit is designed to
operate in three different modes:

1. Engine operating and driving the compressor with the motor/generator de-energized (Gas
Chiller Mode)

2. Engine declutched with motor/generator driving the compressor (Electric Chiller Mode)

3. Engine operating with compressor declutched and synchronous generator/motor delivering
emergency power to local bus (Generator Mode)

Mode changes require the unit to be shutdown and restarted. This action 1s designed to take
place automatically with no manual intervention required.

To operate in these modes, the new product utilizes the following main components (See
Appendix A for component cut sheets):

1. Wound-Rotor (Slip Ring) Synchronous Generator/Motor (100 kVA, 208/120 V, 60 Hz/ 75
kW, 208 V, 60 Hz)

2. Natural Gas Engine operating at 1800 rpm (75 kilowatts (kW) or 100 horsepower (hp)

3. Chiller compressor (100 ton)

4. Evaporator and Condenser

5. Associated Control Panels
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Figure 1

Though all of these components are considered ‘off the shelf components, the synchronous
generator/motor, clutches, and the advanced power controls are the items that distinguish this
product from other existing chillers.

Wound-Rotor (Slip Ring) Svnchronous Generator/Motor

The stator of a wound rotor synchronous generator/motor is identical to that of a normal
induction motor. The rotor consists of coils of many turns instead of the heavy bars of the
squirrel cage rotor. The ends of the wound-rotor winding are connected to slip rings
mounted on the rotor shaft. An external resistance may be connected to the slip rings in
order to control the rotor current, Increased resistance in the rotor circuit during starting
reduces the starting current the motor draws, and allows control of starting torque. As the
motor comes up to operating speed, the resistance is gradually shorted out.

In any induction motor, in order to develop high starting torque with low starting current, the
rotor resistance needs to be high. As the machine speeds up, the resistance of the rotor nceds
to be reduced in order to maintain a high level of torque. The resistance of a squirrel cage
rotor is fixed, and a high resistance rotor giving high starting torque unfortunately also gives
high slip when fully accelerated.

Any synchronous machine can be run as an alternator or a motor. Both require a DC supply
to the rotor. The difference is that the alternator is driven by a prime mover and generates
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AC electromotive force in the stator windings. The synchronous generator/motor on the
other hand has an AC supply connected to the stator windings. Unlike an induction motor
rotor which depends on slip for its torque, the DC rotor field “locks in™ to the rotating field of
the stator causing the rotor to rotate at synchronous speed from no-load to full load. A
synchronous generator/motor has an exciter that enables the generator to produce its own
reactive power and regulate its voltage, even when it is not connected to another power
source. This means that it can operate either in parallel with the utility or it can operate in
“stand-alone” mode (independent of any other power source).

Because of these qualities, the synchronous generator/motor is used in this design to fully
optimize the energy sources available to a building owner in providing power to the chiller or
other building loads.

Clutches

Another component of this system that is considered a key design difference from previous
designs are the two clutches installed between the engine, the synchronous generator/motor,
and the chiller compressor. The clutch design for this unit has been a concern since the
project was started. The concern stems from clutch failures associated with the first
Alturdyne hybrid chiller that was installed in a plastics manufacturing facility in California.
It appears the last set of clutches failed due to rapid loading and unloading of the compressor.
which caused the clutches to overheat and fail.

To ensure a similar problem does not oceur, the estimated torque curves between the three
components were developed (Appendix B) and reviewed amongst the project design group.
Because the unit is shutdown between mode changes, the maximum amount of torque is
approximately 408 ft-Ibs. The new clutch manufactured by Warner Electric is designed to
handle 1350 fi-lbs. of force at no speed difference between the power source and the load.
The new high torque clutches are robust in design and are expected to handle any loading and
unloading cycles of the equipment.

Control System

The first version of Alturdyne’s hybrid chiller utilized an OPTO22 microprocessor based
controller. This controller was used due to its ability to be programmed in an open protocol
environment. The logic used in this controller was used as a basis for the control scheme
utilized on this project.

The latest hybrid chiller is controlled by a Z-World PK-2600 microprocessor. This unit is a
NEMA 4 rated, C-programmable controller with a built-in 320 x 240 touch-screen display.
The display is also C-programmable and has a storage area for bitmaps, display lists and
screens. This controller comes standard with 16 protected digital inputs and 16 high-current
sinking outputs. It also has eight 12-bit analog channels as a standard feature. The unit is
powered by a 24 VDC supply and has an operating temperature range of 0 to 50 ° C, with a
storage temperature range of —20 ® C to + 70 °C. These features give the unit the control and
monitoring diversity needed to implement the functional control requirements of this unit.
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As part of this project, Alturdyne customized its latest microprocessor to develop a control
scheme that would ensure the unit operated in only one mode at a time and that all safety
trips and interlocks needed for protection of personnel as well as equipment were functioning
when needed.

When the unit is operated in its automatic mode, the chiller is controlled on a daily schedule
with up to six mode changes per day. Each day of the week can be programmed differently,
depending on the customer’s needs. In the event standby power is called for, the chiller is
automatically shutdown and the unit switches to Generator Mode.

A monitoring package was also designed to operate through the touch screen controller. This
package monitors several digital inputs including the following points:

Chilled Water Freeze
Chilled Water Flow
Low Generator Voltage
High Generator Voltage
High Generator Current
Low Engine Oil Pressure
Low Coolant Level

High Engine Coolant
Temperature

Low Engine Oil Level
Magnetic Pickup Open Signal
Emergency Stop

Critical Overspeed

Generator Start

The control system configuration also monitors twenty analog inputs. These inputs include
the following points:

Chiller Compressor Values

Suction Pressure
Discharge Pressure
Compressor Oil Sump
Temperature
Compressor Oil Pressure
Suction Temperature
Discharge Temperature

Water Values

Chilled Water Inlet Temperature
Chilled Water Outlet
Temperature

Chilled Water Flow

Condenser Water Inlet
Temperature

Condenser Water Outlet
Temperature

Condenser Water Flowrate
(Optional)

Engine Values

Engine Oil Pressure
Engine Speed
Engine Coolant Temperature

Crenerator Values

Active Power (kW)
Apparent Power (KVA)
Power Factor

Active Energy (kW/hr)
Current

Voltage

Generator Speed

These inputs are scaled in the controller and used for both system monitoring and control.
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The alarm and trip setpoints were determined by the design team to ensure abnormal
operation of the unit would prevent personnel from being harmed while also minimizing
equipment damage. These following settings were programmed into the controller and
verified during factory testing:

e [Engine Overspeed — alarm (@ 1900 RPM, shutdown @ 1950 RPM

« Engine Low Oil Pressure — alarm (@ 20 PSI, shutdown @ 12 PSI

« Engine High Water Temperature —alarm @ 205 °F, shutdown @ 215 °F

« Generator Underspeed — alarm (@ 1750 RPM, shutdown @ 1700 RPM

» Motor Overcurrent — alarm (@) 300 amps, shutdown (@ 325 amps

o Compressor Low Suction Pressure — alarm (@ 28 psi, shutdown @ 23 psi

« Compressor High Discharge Pressure —alarm (@ 225 psi, shutdown (@ 250 psi
« Compressor Low Comp Qil Pressure — alarm (@ 18 psi, shutdown @ 12 psi
« Chilled Water Freeze — alarm (@ 37 °F, shutdown @ 35 °F

« Compressor Low Comp Low Temp — alarm (@ 90 °F, shutdown (@ 80 °F

« Engine Stall — alarm (@ 1000 RPM, shutdown (@ 900 RPM

When any of the alarms are received, the source of the alarm, time and date, and the alarm type
are stored in the event log to allow for further review and analysis of the event.

In the event the engine does not start on its first attempt, the controller is programmed to allow
five start attempts to occur with a waiting period between each attempt.

The hybrid chiller that has been developed through this project, has been designed and
constructed to operate in the previously specified modes. These modes allow for the unit to
operate the chiller’s compressor from the offsite or engine power sources and allow for
emergency power to be generated when the need arises.
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3.0 Factory Test Results and Analysis

A comprehensive test plan was prepared to verify proper operation of the new hybrid unit. Due
to the complexity of the new hybrid unit’s control system, a test procedure was developed by the
Design Team that would run the unit in a variety of different scenarios to verify the unit would
operate and/or trip as designed.

The testing was broken into four sections, each section testing a different portion of the control
circuitry. These sections are as follows:

1. Generator Static Testing

2. Gas Chiller Static Testing
3. Dynamic Testing

4. Transient Response Testing

These tests do not verify proper operation of the closed chiller loop. Operation of the
compressor could not be completed at Alturdyne’s test facility due to the lack of equipment to
needed to test this loop. The testing of the closed chiller loop side was scheduled to be
completed at ETL testing laboratories in Courtland, New York, but due to their backlog, the unit
can not be tested per ARI 550 until August 2001 or until the unit is installed in the field. This
testing will take place with an ETL representative present when the unit is installed in the field.

Generator Static Testing

The first portion of the testing performed (See Appendix F for Actual Test Data), the
Generator Static Test, was performed to verify proper setpoints for the protective trip
setpoints (listed in the previous section under the Control Systems description) as well as
verifying proper operation of the magnetic pickup. The individual inputs were simulated and
the controller was checked to confirm that it was reading the proper input. The magnetic
pickup frequency input was tested using a frequency generator to verify that the controller
was reading the proper values. Proper operation of the clutch failure circuits was also
verified through the following sub-tests that were performed within this section:

1. Engine to Motor Clutch Engagement Failure Test —

Simulate the failure of the clutch to engage by removing clutch coil power. Observe and
record system response to fault. '

2. Engine to Motor Clutch Dis-engagement Failure Test -

Simulate the failure of the clutch to dis-engage by applying a suitably rated power source to
the clutch coil to keep clutch engaged when it should release.
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3. Motor to Chiller Clutch Engagement Failure Test —

Simulate the failure of the clutch to engage by removing clutch coil power. Observe and
record system response to fault.

4, Motor to Chiller Clutch Dis-engagement Failure Test —

Simulate the failure of the clutch to dis-engage by applying a suitably rated power source to
the clutch coil to keep clutch engaged when it should release.

Gas Chiller Static Testing

The second part of the test was the Gas Chiller Static Test. The first part of the test involved
the verification of proper temperature readings of the chilled water, condenser water and
compressor temperatures. Suction pressure, discharge pressure and compressor oil pressure
were all set and the various high and low pressure shutdown alarm conditions were tested
and verified.

Dynamic Testing

After the completion of the statie testing, the dynamic testing was initiated, which consisted
of actual operation of the unit. The main objective of this portion of the testing was to ensure
the data being collected from the individual components was indicative of proper operating
components. No abnormal settings or operation were noted. During this time, acoustical
data around the unit was recorded. With background noise levels measured at 70 DBA at ten
feet from the unit, the non-attenuated unit emitted sound levels between 89 and 92 DBA.
Without any sound attenuation, this amount of noise is considered normal.

After the no load readings were verified, the unit was run fully loaded for a period of one
hour, with parameter readings taken every 15 minutes. The readings indicated the unit was
operating relatively stabile. Engine oil temperature varied from 219 to 221 deg F. Engine oil
pressure remained constant at 44 psi. Measured voltage was also shown to be stable as well
with L1-L.2 at 204.6 VAC, 1L.2-L3 at 206.2 VAC and L1-L3 at 205.5 VAC. Frequency held
steady at 59.8 Hz. This section of the testing was also used to verify the unit’s expected
responses to loss of its power source and response to Emergency power needs through the
following sub-tests as part of the main test:

1. System Response to Loss of Motor

While operating system at full load, initiate a signal to trip motor and record system
response.

Pk

System Response to Loss of Engine

While operating system at full load, initiate a signal to trip engine and record system
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response.
3. System Response to Loss of Motor

While operating system at no load, initiate a signal to trip motor and record system
response.

4. System Response to Loss of Engine

While operating system at no load, initiate a signal to trip engine and record system
response.

5. Emergency Power Loading Test

[nitiate emergency power start signal and record the amount of time the unit requires to
reach rated speed, voltage, and the amount of load placed on the unit.

Transient Response Testing

To venfy the unit’s ability to respond to transient load changes, a series of transient response
tests were performed. The maximum frequency departure was 5 Hz with a response time of
five seconds and the maximum voltage departure was 10 VAC with a response time of 0.5
seconds. Both values were within the acceptance criteria. The sub-tests utilized to perform
this testing are listed below:

1. Generator Loading Test

Load generator electrically at 25, 50, 75, 90, and 100% and record the following
parameters at each load step:

s Voltage
Current
Engine RPM
Frequency
Walls

2. Generator Full Load Reject Test

Load generator electrically at 100% and record the listed parameters. After recording the
parameters, open the main load breaker to simulate a loss of full load and record the
system response.

Voltage
Current
Engine RPM
Frequency
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s Walls
3. Overspeed Trip Test

While engine is operating at rated speed, simulate loss of MPU signal and record engine
reaction, and overspeed trip point if applicable.
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4.0  Economic Analysis Review

To evaluate economic feasibility of the development and commercialization of this type of
hybrid chiller product, an economic analysis report (Appendix G) was prepared. This report,
developed by GARD Analytics, Inc., looked at several different chiller product designs and their
associated development, production. and operational costs and estimated their economic impact
in different areas of the country.

To allow for performance and economic comparisons between different hybrid design
possibilities and a basic electric chiller, a retail store was selected as the application model due to
their long operating hours and sustained demand for cooling during a significant portion of the
year. The baseline conventional cooling plant was assumed to be a single 100 ton water cooled
electric chiller, which would be available all year to meet the store’s cooling demands. The
different hybrid designs that were reviewed included the following:

1. Engine — Cluich — Motor — Compressor: Chiller is powered by engine or offsite power
source, no electricity is generated

2

Engine — Clutch — Synchronous Motor/Generator — Cluteh — Compressor: Chiller is
powered by engine or offsite power source, electricity can be generated as either standby

backup or while chiller is operating, depending on customer needs.

3. Engine — Clutch — Induction Motor/Generator — Clutch — Compressor: Chiller is
powered by engine or offsite power source, though engine operation would require grid
interconnection. Standby power generation is not an option with this unit.

4. Engine — Synchronous Generator — Clutch — Induction Motor/ Generator — Clutch -
Compressor: Chiller is powered by engine or offsite power source, though engine
operation would require grid interconnection. Due to the added components, the physical
size of the unit would be very large.

5. Engine — Synchronous Generator — Induction Generator: Unit functions only as a
generator, not as a chiller. Unit requires grid interconnect.

6. Engine — Synchronous Generator — wired to —Semi—Hermetic Compressor: Chiller is
powered engine or offsite power source. This design allows for engine skid to be

installed in a separate location from chiller. Design allows for emergency power
generation, but will require larger generator.

7. Engine — Synchronous Generator — Clutch — Compressor: Chiller is powered by engine
only. Choice of offsite power is not available.

Since operating costs and savings will vary depending on the installation location (variations in
the climate and cost of electricity and natural gas), three cities were chosen for investigation:
New York, Detroit, and a Los Angeles suburb. The electricity and natural gas rate structures
assumed for these cities are as follows:
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Summer Rates Winter Rates
»  New York City
Natural Gas rates (Rate 2)
Energy, $/therm

1" 6 therms 22.50 22.50
Next 94 therms 0.94864 1.01114
All other usage 0.666604 0.72914
Electric Rates (Rate 9-11I- Low Tension)
Demand, $/kW
All Hours, All Days §.79 3.17
On-peak 12.17 0
Mid-peak 11.05 17.69
Energy, §/kWh
On-peak 0.1041 0.0685
Mid-peak 0.0523 0.0478

(See Report in Appendix C for peak period time definitions)

Summer Rates Winter Rates
# Detroit
Natural Gas rates (Rate 1)
Energy, $/therm
All therms 0.47679 0.47679
Electric Rates (Rate D6 — TOU Primary Service)
Demand, $/kW
For primary service 373 Y
On-peak 14.25 14.25
Off-peak 0 0
Energy, $/kWh
On-peak 0.0296 0.0296
Off-peak 0.0296 0.0296
(See Report in Appendix C for peak period time definitions)
Summer Rates Winter Rates
»  Los Angeles Suburb
Natural Gas rates (Rate GN-10))
Energy, $/therm
1°: 100 therms 0.79587 0.79587
Mext 4067 therms 0.64262 0.64262
All other usage 0.51314 0.51314

Natural Gas rates (Rate G-AC Gas Cooling)
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These cities were chosen due to their variation in utility rates and charges as well as climate.

It should be noted that maintenance costs associated with this report were assumed to be

Energy. $/therm
All cooling gas

Electric Rares (Rate TOU-GS-2B)
Demand, $/kW
Facility charge
On-peak
Mid-peak
Off-peak
Energy, $/kWh
On-peak
Mid-peak
Off-peak

0.49858

5.40
16.40
245
0

0.14896
0.06613
0.04271

(See Report in Appendix C for peak period time definitions)

N/A

0.07811
(0.04271

$0.015/ton-hr (for gas engine cooling) and $0.015/hp-hr (for generator output).

Based on the above listed input, the hybrid chiller (Hybrid Design #2) designed and constructed
for this project was determined to be the most economical and productive unit that was reviewed.
The report also concluded the following points:

1.

With the possibility of annual savings between $7,000 and $12,000 per year for the unit that was
constructed, the new hybrid chiller developed through this project, can provide a better
alternative to an all electric cooling plant. In addition to the cost savings, the hybrid unit
provides the end user with the flexibility to achieve cooling by using the most economical energy
source and provides the end user backup electrical power.

The project designed unit (100 hp, 100 ton compressor, and a 75 KW generator) that
would operate during all on-peak hours even when no cooling is required gives
annual savings (including maintenance) of §7,000 - $12,000 per vear versus the all

electric cooling plant.

The optimum configuration appears to be a system that utilizes a 150 hp gas engine, al00
ton compressor, and a 93 kW generator operating all on-peak hours. This scenario can
provide an annual savings of $9,000 - $15,000 per year.

Where interconnection with the grid is a problem, a 150 hp engine powering a 100 ton
gas chiller and a 35 kW synchronous generator, which serves a fixed load, can provide an

annual savings of $8,000 to $13,000 per year.

Alturdyne Hybrid Chiller Project
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Ni] Conclusions

L

The Alturdyne hybrid chiller that has been developed through this project is ready to be deployed
in the field. The unit and its individual components have been factory tested with satisfactory
results. The field testing (to be witnessed by ETL personnel) will be in accordance with ARI
330. After the field testing is complete, the unit will be monitored for a minimum period of one
year to document the performance of the unit, At the conclusion of this period of time, barring
any unforeseen difficulties, the unit should be ready for commereial production.

After reviewing the cost of this project and the expected maintenance expenditures, it is
estimated that this unit will be available for value between $100,000 to $120,000, depending on
some of the options specified. When compared to the cost of an electric cooling plant
(comparable units range from $85,000 to $100,000), the payback for this unit is between 3 and
4.5 years.

In all modes of operation, additional cost savings are available by utilizing heat recovery
equipment installed with the engine. The recovered energy can be used to preheat a boiler or
domestic water, where available. The unit can also be operated in parallel with an ice storage
system that would allow the chiller to make ice at night and only operate in the day when the ice
storage is depleted.

It is expected that these hybrid chillers will be marketed to commercial buildings, including
schools, business parks, hotels, and office buildings, as well as specific industrial applications,

Though not defined at this point, recent electric power trends in New York and California
indicate that statewide incentives may be developed for building loading profiles that reduce
peak load. No allowance for this is provided in the financial statements prepared for this report,
however, future development of these incentives would increase cost savings and further reduce
the payback for this unit.

If the unit can performs in the field demonstration as well as initial testing indicates, this unit will

provide a significant saving to its owners as well improve power versatility and overall
reliability.

Alturdyne Hybrid Chiller Project =14 -
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ALTURDYNE ENERGY SYSTEMS
HYBRID CHILLER NATURAL GAS PERFORMANCE

ALTURDYNE Model: EGMG881-15HWW100

Mominal Cooling Load Level (%)

COMPRESSOR: Carlyle 5SH126

5

Capacity (USRT]

Speed (RPM)

Working CylindersTotal Cylinders
Refrigerant

Condenser Heat Rejection (BTU/HR)

ENGINE: General Motors GMG-881

Power (BHP)

Fuel Consumption (BTU/HR) HHY

Engine Jacket Heat Rejection (BTU/HR)
Recoverable Exhaust Jacket Heat (BTU/HR)

EVAPORATOR: API/KETEMA DXT-1610-S2

Chilled Liquid
EFT (F)

LFT (F)

S5T(F)

Flow (GPM)
Pressure Drop (PSI)

CONDENSER: APl /KETEMA AHX-1406B-2

EWT (F)

LWT (F)

SCT (F)

Flow (GPM)
Pressure Drop (PSI)

PERFORMANCE:

BHP/TON

KW/TON

C.OP. (w/o Heat recovery)

C.O.P. (w/ Jacket heat recovery)

C.O.P. (w/ Jacket & exhaust heat recovery)

Files: g 100, xls, Diate: 8/5/00

0 73 {11]
27.6 523 T75.0 93.4
00 SO 1350 1,800
612 12112 1212 1212
R-13da R-134a R-134a B=134a
395,100 T35,400 1,074,800, 1,328,000
53 432 696 9812
222,600 380,200 392200 834,700
iz, B0 114,000 177,700 250,400
33,400 57,000 £3.300 125200
Water Water VW ater Water
469 49.5 5189 54.0
4.4 &40 440 4.0
37.0 370 370 3.0
2290 I29.0 228.0 2200
z3 23 23 3
66.3 725 Ta3.8 850
69.2 Fie 86.7 95.1
El3 7.5 91 100.0
2738 IR 273.8 2738
3.1 31 31 3.1
092 0.83 0.93 1.03
0.68 0.62 0569 0.77
1.4% 1.65 1.52 1.37
.79 1.55 L32 1.67
1.4 2.10 197 1.82




ALTURDYNE ENERGY SYSTEMS
HYBRID CHILLER ELECTRICAL PERFORMANCE

ALTURDYNE Model: EGMG881-15HWW100

Nominal Cooling Load Level (%) 13 50 67 100

COMPRESSOR Model: Carlyle 5H126

Capacity (USRT] 35.3 50.7 64.6 922
Speed (RPM) 1,750 1,750 1,750 1,750
Working Cylinders/Total Cylinders 412 612 %12 1212
Refrigerant R-22 R-22 R-22 R-22
Condenser Heat Rejection (BTU/HE) 503,100 736,300 945,700 1,349,451

MOTOR: AVK Type DSU 43M1-4

Fower (BHP) 2932 50,4 867 95.5

Current @ 460VAC/3 Phasc 32 55 73 105

EVAPORATOR: API\KETEMA DXT-1610-82

Chilled Liquid Water Water Wl Water
EFT (F) 47.7 493 509 537

LFT (F) 44.0 440 440 4.0

S5T (F) 37.0 374 70 37.0

Flow (GPM) 229.0 229.0 229.0 229.0
Pressure Drop (PSI) 23 23 23 2.3

CONDENSER: AP1/KETEMA AHX-1406B-2

EWT (F) 66.3 T2.5 7E.8 85,0
LWT () 7.7 774 210 9410
SCT (F) L3 §7.5 938 100.0
Flow (GFM) 2738 2738 2738 2738
Pressure Drop (PSI) R 31 3.1 il
PERFORMANCE:

BHP/TON 0.81 0.59 1.03 1.04
EW/TON .61 0.74 0.77 0.77
C.OP. 2.06 1.69 162 1.62

File: EWW 100, xds, Dt 8500
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Product Specifications
Type:

90" 8.1L V8

Displacement:

496 cid (8127 cc)
Compression Ratio:

9.1:1

Valve Configuration:

Pushrod Actuated Overhead Canted Valves

Manufactured:
Tonawanda, New York
Valve Lifters:

Hydraulic Roller

Bore x Stroke:

425 x 4.37 in (107.95mm x 111 mm)
Main Bearing Caps:
4-Bolt Cast Iron

Balance Method:

Internal

Intake Manifold:
Factory-Installed Alternate Fuel Manifold
Firing Order:
1-8-7-2-6-5-4-3

0il Pan Capacity:

8 gt

Fuel Type:

CNG/LPG

Engine Rotation:
Clockwise (from the front)
Sparkplugs:

Platinum (1.5-mm gap)

Paint Protection:

Compaonent Painted

Shipping Weight:

729 1b (307.49 kg)

Horsepower:

264 hp @ 3000 rpm (Propane)

240 hp @ 3000 rpm (Natural Gas)
462 Ib-ft @ 3000 rpm (Propane)
417 Ib-ft @ 3000 rpm (Natural Gas)

Correction to SAE J1995. Actual power levels may vary
depending on OEM calibration and application.

Malerials:

Block: Cast Iron

Cylinder Head: Cast Iron (with sintered powder metal
exhaust valve seat inserts)

Intake Manifold: One-Piece Cast Aluminum
Crankshaft: High-Density Nodular Iron {with undercut and
rolled fillets)

Pistons: Hypereutectic Cast Aluminum

Connecting Rods: Forged 1141 SAE Steel (shot-peened
and magnafluxed, with 9-mm diameter connecting rod
bolis)

Information may vary with application. All specifications
listed are based on the latest product information available
at the time of publication. The right is reserved o make
changes at any time without notice.



Vortec 8100 (8.1L V8 Industrial Engine -- Model Year 2001)

Features / Benefits

Coil-near-plug ignition includes
crankshaft sensor, camshaft sensor, ESC
sensors, and eight ignition coils.
Cylinder head features high-flow
replicated ports and sintered powder
metal exhaust valve scat inserts for
durability.

Industrial external water crossover.
Coated, flat top hypereutectic cast
aluminum pistons.

Engine block quick-connect oil fittings
for easy assembly of oil coolers or
remote oil systems.

Industrial torsional damper with integral Options

six-nib pulley to accommodate
serpentine accessory drive hardware.
Iron exhaust valve seat lacing for better
valve durability with alternative fuel
applications.

Platinum tip long-life spark plugs.
High torque camshaft with hydraulic
roller valve lifters provides maximum
performance.

Positive Crankcase Ventilation (PCV)
system is integral to intake manifold (no
valve required) .

Coated cast aluminum 8-guart oil pan
with full baffle and 12-mm drain plugs
on port and starboard sides.

"Vortec 8100" Sight Shield and related
mounting hardware available in kit
form.

A fourth-generation Electronic Control
Module (MEFI IV} utilizing state-of-
the-art hybrid technology and related

parts is available in kit form.
GM-designed accessory drive
components available in kit form.
Engine block heater for cold climate
operations available in kit form.
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PK2600

WEMA=4 petarel

Dl preacessors (hoth an

C-pragraninalie)

Larrge smenitomy (up to 5128 fash o

IM SHAM)
32K VRAM
220 x 240 (144 VGA ) graphics LCTD
with adiustadle contrast ard CCF]

hacklighting

Bx 8 (interpolated 10 152 15) transpar
enl touchscreen overlay

Storage for up to 50 bitmap screens
and hunedreds of displaylists.

& conditionsd 12-bit analog inpnis

o digital inpuls, 16 Iigh-carrent ont-
puts {factony confivurable other ways)

PLUBUE expansion port

3 Sevial ports (RE232, R5485)

Fhe PRZ2600 15 & C-programmable con-

troller with a barilt-in 320 240 (174
VA toochscrecn display. The display
is also C-programmable and has a
large storage arex for bitmaps, display
llsts; @and screens. The PE2EM s ideal
for control systems that teguire an in-

{eractive graphic interface

The PE2E00 comes standand with &
protected digital inputs and 16 high-
current sinking outputs, The 32 /0
lines can be ordered as inputs or out-
puts in banks ot eight, Thesinking
outputs can be converted to sourcing
outputs using the optional sourcing
driver kit

The PR2600 hias & 1 2-hit analog input
channels. Each input has socketed
By sl gain resistors and an ap-amp
for signal conditioning. In produoc-
tion quantity, the gain and ollset e

sisbors cars be sucfage-miunted

The PE2G00 has 3 serial ports. Tort |

ciny e BR-485 or 3-wire Hh-244, Ports

andd 3 can be BS-485 01 S-wire H5-242

angd swpport Dy, The P20 also
las a PLCBuS expransion pork, allow-
s o bo adid extea 10 such as relays

o DAL Channels

The PE2640 15 NEMA-4, having @ gas-
tight bezel: The digital, analog, and
serial ports use DR25 and DEY connec-
tors on the rear of the protective en
closure,

Programming the PK2600

Both the controfler and display are
C-programmable using Dynamic C°
described on page 60, A dip-switch on
the enclosure allows you to select
which componént to program

Developer's Kit

The PK2600 Developer's Kit contains
all the hardware tools necessary for
rapid development: manual, schema-
tics, programeming cables, AC adapter,
sourcing high-current driver, and
maounting hardware. International or-
ders do not include an AC adapler un-
less specifically requested.

ASIBE-2 is required for development.

t=faril L

Cal tadoeg



Versions
prZE00 eyli-featured controlier. Specifications given above,

Options and Upgrades

1B, Serial interface board, Allows programming through the special pro-

gramming part en the PK2600. includes pragramming cable.

seurcing driver kit Provides two (2985) sourcing driver chips, AL25°C, a

channel can source up to 250 mA continuously. Output subject to packags

power limits and duty cycle. Load limit 30v.

P26 D mensions

— —

PK2600 '

I LECD aperture i5 121 2 1 mm (4.764 x 1.563)
Pixel malriz is TI5.17 x 8537 mum {4.534 x 3.400)

= 440 s, Bx

I =

l

T3 (1E& 9] ryp B

176 S S ———————

19} T [0 I

Eraws

I'R2600 Cornnectivns

A Eindi [2hAnd i AOAT

e 2800 (D) —

5 {301 by ¢

RS TR

4378 lyp i

50 1245 -
— S {137.2]

~3) 787

-151HR.5|

|
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PK2600 Specifications

Bezel Size
Enclosure size
Clearance at rear

Operating temp.

Power
Configurable i/Q *

Digital inputs

Digital outputs

Analog inputs

Analog outpuls

LD

Backlight
Processor
SRAM

EEPROIM
Flazsh

Image storage

Senal Ports

Reliability

Expansion Port
Connectors

54"« B0 0.156" with gaskel
4511" 6:0267= 1.244"
3.5" case, 5.5" for case and cables

0°C 1o 50°C, rh. 25-65% non-con-
densing. Storage temp. <20°C (o
+70°C

24VDLC. Requries 7.9W or more
By custom order

Serial ports 1, 2, & 3 can be RS-232
or R5-485. Ports 2 & 3 support DMa

16 standard, Continuous operation
from —20V to +24V. Logic threshold
al 2.5V, Protected against spikes in

the range 248V, 10% pull-up or pull-
down

16 standard, high-Current. At 25°C, a
channal can sink up to 500 mA con-
tinugusly. Qutput is subject to pack-
age power limits and duty cycle.
Load limit is 48Y, Sourcing outpots
aptionat

Eight 12-hit channels, Lip to 5,000
samples /sec. TLC2543. Factory con-
figured for a 0-10V range

PWM, using digital outputs, up to 7
channels

FSTM, 320x240 pixels, black on whits
background. Pixel matrixis115.2 x
864 mm {0.36 mm pitch). Aperture
in bezel is 121= 91 mm (4.76"= 3.58")
Software-adjustable contrast

CCFL {cold-cathode fluorescent)
with software control {on/off}

(Controller) 180 at 18.432 MHzZ
(Display) £180 at .21 MHz

(Controller) 128K-512% (Display)
128K=512K

Simulated in:flash

{Controller) 128k-258K (Display)
12BK-256K

Up'to 256K flash or 512K SRAM. 12¥
VRAM

Three, up to 57,400 bps. Port 1 can
b R5-485

or 3-wire A5-232, Ports 2 and 3 can
be AS-485 or S-wire R3-232

Watchdog, supervisor, battery-
backed time/date clock, two 3V
lithium coin-lype batteries, 185 ma-l
and 190 ma-h

PLCEuS™

Screw terminals for power. DB25 tor
digital and-analog VO, DEY for serial
ports. 26-pin PLCBUs port. Run/pro-
gram DIP switch. Two 5IB headers

* Conflgurable I/0: The 32 digitel lines can be specially orderdd i o)
cambination of inputs and outpuis. The valtage range of aealoy in-
puts can be configured al the factory, by special onfer,




Product Line

Model Size Selection Charts

Clutches Clutches

SF PC

SFC | PCC

e s Ve D e 0

SF-120 51 in 1 104 PC-500 40 Ib. f 6 31/4 |B-BS
SF-170 15 0n | 134 PCC-500 40 b, 5 414 |B-100 |
SFC-120 5 Ib. in 1104 PCB25 125 Ib. i g 144 312 |B-124,128)
SFC-170 15 I, in 1314 . PCLC-825 125 I, & g 144 43@ |B-132
SF-250 70 Ib. in 2 58 312 |B-52,56 PC-1000 240 1. # 10 7/8 378 |B-124,128
SF-400 2701b.in | 4114 334 |B-6B,72 PCC-1000 240 1b. ft 10 748 5758 |B-132 |
SFC-250 70 Ib. in 2 508 21/4 |B-60, B4 PC-1225 465 Ib. i 12 7/8 412  |B-160, 164
SFC-400 2701h. in | 414 234 |B-76,80 PCC-1225 465 Ib. # 12 7/8 612 |B-168
SF-500 50 Ih. . 5 104 4 |B-84 PC1525 700 Ib. 161/ 434 |B-160, 164
SFC-500 50 Ib. ft. 5144 378 |B-92, 98 PCC-1525 700 Ib. fi 16 1/8 §34 |B-168
SF-550 95 Ib. . § 3/ 338 |B-108, 112
SFC-650 95 Ib. i 6 304 358 |B-116,120 Model Size Selection Charts
SF-B25FM 125k | BS 3 |B-136, 140
SF-B25BM 150 lo. & B 58 234 |B-148,152] Nomenclature:
SFC-825FM 125, f | 858 438 [B-144
SFC-B258M 1500k, % | &858 450 [B-156 B4 Bearing Mount
SF-1000FM 2401b. . | 10 3@ 318 |B-136,140] FM Flange Mount
SF-1000BM 2401b. 1. | 1038 318 |B-148,152| HT High Torque
SFC-1C00FM 2401b. fr. | 1038 578 |B-144 ME sotor Brake
SFC-1000BM 2401b. 1. | 10308 578 |B-156 PB Brake — Primary Style
SF.1225FM 46500 4 | 1234 33 |BA72,178) ., Gilitah = By
SF-1225BM 465 1L R | 12 304 334 |B-184,188
SFC-1225FM 45t | 1234 | sxe |B-180 RECE Clotels Gouging = Fimery
5FC-12258M 465 I 12 314 536 |B-192 PCB* Clutch Brake — Primary
SF-1525FM 70006 | 1534 414 |B-172,176] FPCBC* Clutch Brake Coupling — Primary
SF-1525BM 700 I f 15314 414 |B-184,188] SF* Clutch — Stationary Field Style
SF1525HTFM | 135010 1 | 15304 5 |B-196 SEC Cluteh Goupling — Stationary Field
it A R I ALt SFPBC**  Clutch Brake Coupling — Stationary Field
SFC-1525FM 7000 1 | 1534 512 |B-180
SFD 1SS el IR LR R 5 * Gurrent i carried through brushes and collector ring:
SFC-1525H.TFM | 1.350 10, 7t | 15314 6112 |B-200 i
SFC1525HT8M | 1350 b & 15 374 611 5208 ** Do not have brushes or collector ring.

B-18

Warner Electric



0 Clutch, Hi-Torque
| SFISZ5HT.

Bearing Mounted

@ qit See parts list page and page B-362. =
For additional application information, -I

see pages B-6 and B-9. R

|

s MAX. LENGTH . .

OF CUSTOMER \\
PILOT N

3l Drawing 1-25643

Warner Electric



Clutch, Hi-Torque

Bearing Mounted SF-1923 H.T.

Removable
plug in

ands for
1/2" conduit,

F dia. (G) holes (hub)
equally spaced on H dia.
and within .003 of true
position in relation to

| pilot dia.
J oin eose
: See page B-386
for details on
Bushings.
ARMATURE VIEW FIELD VIEW

CUSTOMER SHALL MAINTAIN:
Armature hub pilot dia. to be concentric with field
and rotor mounting shaft within .010 T.L.R.

Information on Coil Data, Inertia and Weights begins on page B-378. &ll dimensions are nominal, unless otherwise noted.

1350 1b. ft.

Warner Electric
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Cluteh, Hi-Torque
SF-1525 H.T.

Bearing Mounted

Drawing [-25643

B-206

Warner Electric
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Dynamic Torque Curves

Size 1000 Maximum Speed 3,600 rpm | Size 1225-MB Maximum Speed 3,000 rpm
Electro-Pack 3,000 rpm Static Torque 260 Ib. ft.
Static Torque 240 |b. ft.
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Static Torque 160 Ib. ft. Electro-Pack 1,800 rpm 3
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20/06 '00 DI 15:28 FAX +48 6103 503840 AVE DEUTSCELAND-VERTRIEE @003

Versier VD VK (T WA Verr, .

P \V4" 4

i
Deutschland GmbH & Co KG Niederassung Dreisich Tel 051028030 zusiindie: Heg Ambrosch 54/ Henr Krdmer 55
Technical data sheet SYNCHEONOUS-GENERATOR/MOTOR

Date: 05.06.2000

Alteration status: 1 13.06.2000
: Delivery: Week 38/2000

Machine number A4 22 999 A0 01
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Classification : not applicable

Quantity : 1 piecs

Type : DS U 43 M1-4

Hated data :

Generator operation:

Rating : 100 KV A

Power facior : 0,8 cos phi

Rated voltage : 208120 v

Rated current : 278 amps

Frequency ; &0 Hz

Rafed speed : 1800 Wi

Motor operation:

Rating : 75 KW (100 HP)

Power factor 2 0,85 cos phi

Rated voltage 5 208 V., 3-ph.

Rated current ; 237 amps

Frequency J &0 Hz

Rated speed - 1800 b P

General details

Standards i DINVDE 0530, IEC 34

Specification 2 PN 1630 (voitage changed to 208V)

Project no. : POO.10878/USA

Ambient temperaiure : 40 "G

Allitude at site a.s.l. : 1000 m over sea level

Insulation class 2 HE temp. rise acc. to "F"

Radio inferference supres. | N DINVDE 0875



2008 ‘00 DI 15:27 FAX +48 8103 503840

e
QOrder-number
Electrical details

\oltage adjustment range
Veoltage perfommance

Distortion factor
Winding
Parallel operation

Sustained short circul cument:
COwverload :
Efficiency

Desian details

Prime mover
Fofation

Permanent overspaed

Enclosure
Coaling

Design
Flange

Terminal box locatian
Terminals/number
Cable oullet

Cable glands
Antifriction bearings

Droop transformer

Temp. detect./ winding
Tamp. delect./ bearing
Tripping device
Anticondensation heater

Vaoltage regulation

“oltage regulator ;
Setting rheostat :
Additional module ;

Additional details
Fainting

Label

AvE DEUTSCHLAND-VERTRIER

B 3 {"
64 23 998 A0 01

+5 %

+1 % steady state

<5 oy ph-ph, no lead, DINVDE 0530
No

app. 3x Iy 3-phase

S0 % for 30 s

91,5% at0,8 p.f,  93,5% atp.f. 1

Gas engine
clockwise looking at the generator shaft
(from engine drive end) (AS)

2160 ] < for 2 min.

P 23

iC 01

IMB3 height of feet: 280 mm
No installation dept.; mm
on top

4 pieces

right looking at (AS) generator drive end

Side to be advised by return
No glands. Undrilled gland plate only
two, regreasable

& pieces, PT100

- pieces,

- pleces, - volts
200 watt, 230 volis

Cosimat N+, buiit-in
500 Q loose
cos
Z5MA1

AVE Standard, RAL 6011

English, VDE

k Attention ! Rotor balanced with half key !

2

|t

@ioo4
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|
Order-number : 64 23 999 AQ 01

Functignal details

Second shaft end for 75kW to drive a compressar.

Main drive end (AS) for gas engine drive (gen=srator operation)

Second drive end (BS) for driving the compressar.

Star connection (four terminals) for generaior and matar operation.

Transformer — starting with discoupled gas engine.

Starting curtent = 4 x lu (rated current) results in 2 stading torque (moment) M, = 445 Nm.
Starting current = 3 x Iy (rated current) results in a starting torque (moment) M, =339 Nm.
Starting cumrent = 2 X |y (rated current) results in a starting torgue (moment)} Ma = 222 Nm.
The necessary break-away torque has been ealculated with 154 Ib-ft = 209 Nm.

The moment of inertia of compressor has been calculated with 0,684 Ib-in-sec* = G.D??a kam?

Winding data WO 1807 /WRW 78 Dimension drawing

Circuit diagram 72807.051 Moment of inertia dwg.
FPart list

T6: prim. 1 Wda! Operation instruction

Spare parts list
EB 09.06.2000/Avz EK Test report
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Product 5F,H Compressors
Data 05FY,HY Compressor Units

07FY,HY Condensing Units

=T § 500 S5F,09RH Condensers

5 to 150 Nominal Tons

With SARYLE 55 5H COMPRESSORS

Carlyle Series 5F and 5H open-drive
compressars, used on Carrier com-
pressor units and condensing units,
nave been the workhorses of the air
conditioning and refrigeration industry
for incra than 45 years.

H are oifered as bhare

s 2N0C ats0 as [aclory-

assembled compressors, factory
assembled 05FY and 05HY com
pressor units, and factony-assembled
O7FY and FVHY condensing units. Cam-
plete susiems include motor, drive ar-
rangement. control panel, and condenser
as required. Or, all components may
ordered as separate sale iterms for field
assembly and installation.

Features/
Benefits

The raditionally high quality of Carlule
oF and 5H compressors provide
efficient, reliable operation with
unsurpassed performance, whatever the
application

Series 5F, 5H Standard

Features

» J-year warranty

» used with maost relrigerants

* 5to 150-tan range

» high operating efficiency

= 45 vears of proven reliabilin)

= multi-drive application

= multi-speed range

= mulii-mator/voltage combinations
* multi-condenser combinations

+ multi-contral-panel designs

Cagyright 19592 Carmiar Carporaiion ) Fefm SE.H-1PD



3 to 2,500 tons

Select from standard models from our extensive stock
or custom models with short lead times.

Tyire AHX Congenser Modele
opliomal grentatons mellnie circu

are pvailablé with

-3l custom TasHng

Superior by Design

Standard Designs
ACME condensers are avallahie from standard designs for fresh
or sea water duty, Small 1ennage condensers
fram 7 1o
of duty include special
mulli-p2ss hesds and are
manufactured in very large
guantities 10 provide the
highest capacily per lan

18 nominal tons

Tvoe CRX Condenser shawn
el port conhouralion
and special hrackets

availahle.

Multi-Circuit Flexibility

Condensers are availlable with dual circuits by welding twa shells
together end-1a-2nc. This sllows the use of one water circul to
reduce piping costs. Eachcircuit has s own ASME code stamp

o/ . :ﬂ'ﬂ@' i
'.h . i

»
B 5

= oaimy
Type MHX Marine Condenser has dual

refrigerapt distiatge porns and Cupro-Mickel or Tikani
wwhes amd tule sheets and cast-bronze béads

Modern Tube Materials

ACME AHX Condensers utilize the |latest
technolagy wbing available. Years of re-
search and development, combined with
thorough 1esting in our own labs has re
sulted in the highest effliciency candéns-
ers available. All condensers are manu-
[actured with enhanced 374" diameter
tubing 1o provide heawvy wall construction
and ease of service from commaonly avail-
abile tube cleamng devices

WModifications

Vessels are avaiiable with special
matenals ol constrection as required
Condensers can be made from stain-
less sieel for increased life with poor
quality cooling waler, Messels can be
equipped with Cupro-Mickel or Tia-
nium tubes and tube shests for ses
water duty, If vour apphcation calls Tor
something specsal, just ask,

Standard Construction

- Tube Supports - Quality sieel

cleaned priot 10 assembly

Tubes - Copper nigh performance
enhancec gesign roller expanded o
multiple-grooved tubs sheet Oiher
malerials zvailable for corrosive duty

Tubie shest - Flange gualily slesl o
ASME specifications. Precision mea-
chined for excelient sealing

{ack
welded 1o shell intenor,

Heads - Cast or fabricated 1o ASME
specifications using steal ring and
cover design with supenor gas distn-
oution,

Connections - All water side connec-
tions are FPT except 127 1-pass, 14" and
16" models which have flanges. Refrig-
erant connections are steel and bored
to ODS of copper tubing, Relief, vent
and drain connechions are provided:
Mumerous nozzle arnentations areavail-
able 1o facilite ease of packaqing.

Codes - The refrigerant side is con-
structed to the |atest edition of the
ASME Section VI Div 1 code and
stamped accordingly. Refrigerant side
pressure is designed for 350 PSEmuni-
mumt at 250"F, Water side design pres-
sure is 150 P51 mumimum at 150°F Both
cirputs are tested at 1,25 Umes the de-
sign pressure.

Finistt - Exlerior surfaces are cleaned
and painted with a medium gray
enamel paint



« [actory assembled sustem or separale
componernts for field assembly
» G-week maximum availabiling
Custom-tailored systems
To fit your job requirements. Carrier
compressor and condensing units and
Carlule open-drive compressors are
available in any combination, Custon-
ized selection enables vou to order ocne
factorv-assembled sustem that fits vour
application, regardless of strict specifi
cations and special power needs. For
field installation, vou can also select
bare or base-mounted compressorsand
order the balance of the sustem compo-
nents as separate ftems or supply your
oW

Select quality by ardering

aF and 5H Bare Compressors

oF and 5H Base-Mounied
Compressors

« (15FY and O05HY Compressor Units
= J7FY and 07HY Condenser Linits

i he bk
compressors

Uisethe 5F. Hline of open compressors
to build a svstem tailored 10 vour equip:
ment needs. These compressors come
in 12 sizes renging from 5 to 150 tons
of eooling. so you can select just the
configuration wvou need. The
compressor's “building block”™ design
lets uou choopse water-cooled, air-cagied,
or evaporative condensers.

The 5F, H compressors can use Re-
irigerants 12. 22 or 502. The compres-
sor base accommeodates several motor
sizes. with either balt or direct drive, to
fill both refrigerant and job require-
ments.

Consider these additional advantages
when choosing & 5F. H compressor:

Save on first costs:

» With automatic, unloaded starting,
expensive high-torque motors are un-
necessary, reducing vour initial expense.
Save on operating costs:

» The design of the crankcase casting
cvlinder heads and valve plates allowsa
smoaoth, unrestricted refrigerant flow
through the compressor, resulting in
greater operating efficiency

* Assuction pressure changes, capacity
controlautomatically reduces compres-
sor capacity to as low as 25% of full
design load, reducing horsepower re-
quirements and demand charges. This

part-load operation. 1 turm. increases
energy efliciency and lowers utiling bills.

internal pressure capacity control is
standard on SFA0-5H120 units. Exter-
nal unloading. either pricumatic or elec-
tric. can also be special ordered. The
SF20 and 5F30 units offer axternal
[ressure 1.|r‘||r.':a|:h."|g oF &N atcessomne |'.’-_’.|."I.'
ure.

Save on maintenance costs:

* A large-capacity, manually reverdible
ofl pump. an automatic pressure requ-
lator. and an oil-filtering svstem provide
positive pressure lubrication for ox-
tended compressor life

s On all units. the oil passes through a
fine-mesh screen belore reaching the
oill pump. A Tull-flow filter, standard
eguipment on 3H120. 126 units. en-
sures clean flow of the large-volume oil
charge in these compressars

= Suction gases stay in contact with
culinder sleeve 1o keep oil cool and
reduce cylinder wear

« Simple field mainienance and re-
placemeni of components such as cyl-
inder liners. pistons. and bearings mini-
mize field service costs and equipment
downtime

» & refined. 2-piece shalt/seal assembly
virtually eliminates seal leakage. Iis car-
ban ting and neoprene bellows com-
pine 1o prowide a tight seal against a
highlv polished seat. An oil bath com
plelely surrounds the seal assernbly,
vielding maxirnum reliabilitv over a wide
temperature range.

« Efficient crankcase heater design pre-
verits both accumulation of liguid refrig-
erant in the crankcase during shutdown
and the consequent dilution of the
compressor's oil supply

::_D Oil-Level Sight Glase

@ i Dram

@' Reversible- 08 Pump
@ Statically and Dhvnamicalhy Balanced

Cranhshalt

/ - 3
E} Unrestnctive Suction Gas Inket

L6 ) Fine Mesh Sucnion Screen

@ Precision-Ground Valve Plate Assembly

@ Internal Capacty Cantrol Swstem
oy

9] Time-Proven Shaft Seal Assembly
@ Removabie Cylinder Lizers

(11} Foraed:-Steel Connecting Rods with

with Swedish Steel Ring Valves

Replacezble Bearing Inserts

I

VL



Dimensions of Standard ACME™ AHX Models
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Capacity and Dimensions

MODEL NOM A ' B
SAHX - CTON !
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D E F G H J . R P

CAX3 " 74| sse [sriaans]arae] 3| 17 | w2 [4aas] mae [1asis| se | vam | 12| o1 | 2anslinglesis
538 (2736|2732 | 3-14| 17 | 3@ [41308| T2 (14376) TR | 138 | fZ | 12 | 2.3 |-118{6-506

658 [391316| 2732 | 338 | 2834 | 338 | 44IMB| T2 | 306 TE | 138 | 12 | nE | 234 1-Eeas

10 50 658 | 31916 | 27132 | 338 | 2234 | 358 | 4-1306| Tu2 (11376 T | 138 | M2 | 142 | 234 |1-9166-516
CRX-15 “°-7119 | 658 | 51906 | 2732 | 338 | 2830 3-5.5‘3-13:15 742 11316 448 | 15| T2 | THR | 288 1166516
AHX605C-2 28 | 658 (53-4318[ 2432 | 32| 5238 | 378 | $1316| T2 | 14316| U8 | 158 | 12 2 | 258 6518
AMXE0SD-2 30 | B5® (R3-43ne}2aaz | Fv2| S2am | &8 | 4a308| Tou2 1308 18 2@ | 1@ | 2 | 2 | §-5/16
g.58 | 66 |3us| 32| szam| 378 | 54308 enne| 18| 1ae | 248 | 12 | 242 | 3133 7-5/16

ass| 78 |2ue | sve| 5638 | 378 | s1ans| ews| 118 | 1w | 2ue | ve | 22| atvml - [rEs

1034 | S5-UB |4-1116| 34| 52 1 | 678 | 1334 | 292 | ta8 | 258 | w2 | 3 | 4wa| - |BE

10-34 | B1-1B [4:11/16] 334 | 64 4 | &8 | 1334 | 22|18 | 25E | 2| 3 | 44 - |B3E

1.58 | 2.5 2| 4

Ejgl - |93
| 38| - (938

1238 | B8 | 458 | 4316 30-516] 438 | T8 | 15-34 | 258
1290 | B | 458 | &38| 62716, 41518 T-TB | 154 | 258
X- 1234 | 105 | 458 | 434 | 86716 | 1508 T 1534 | - 8t | 5418| - (93w
AHXA405B270138 | 14 | 71 | S5E | 4-38|50-716| 41508 8-u2 | 1778 | 4102 | 20 sang| - | 10
M'm:ﬂﬂﬂﬂ-‘l “448 | 1234 | 105 | 4-508 | 438 67116 | 41516 778 | 1581 i 24/8 | 348 1t 5+ | song| - |98
AHX406B2 178 | 14 | 83 | 558 | 4.38|6s3n8| 3an8| 32 | 1778 | Su2 , 5816 10
AHY-1605B-2 197 | 16 | 7t | s3@ | 4.5@|4gathE| 3I06| 22 | 1878 5 | 358 | a4 | 5t | Ba2| - | 1
AHX-AZI0B4 =204 | 12:3e | 128 | 438 | ¢3@|10306| 5316| T-TB | 1534 358 | 34 | Br | 5116 238
AHX-1606A-2 221 | 16 g1 | 558 | 478 | srane| sans| ez | 1o7m | | s | an| se 'snal| - |7
AHX-14DBB-1 211 H 107 | 358 | 458|85-1118| 5THE| B2 1778 4118 ‘ 34 & |s7mgl - | w0
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AHX-1606B-2 247 18 g2 578 | 476 61-316 19-7/8 44 st | BTHE| - i1

o
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12| 1778
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AHX-1410A1 267 | 14 | 131 | 538 | 4s2l10958| 3708 & a| a8 | 24 | 6 |s7ie| - | w0
AHX-1410B-1 290 14 131 | 558 | 458 10958 | 3716| 812 | 17-7 B | 418 | 34 g |i=sgma| = i
gim—t_mt;sﬁu._’. 1§ |[120-02| 5@ | 478 | 3458 | aTE | 22 ‘ 18718 i 1-1/8 | '5-UB ‘ g a 57| - 11
AHGAGIOA-T =363 | 16 |144-12| G-0A | 478| 10858 478 | G2 | 1878 | 1 | 3@ | 58| Y| B | 5TE) - | ]
AHXA610B-1 407 | 16 |14d002| 6B | 47| 0B-58| 478 | SR (9@ | ¢ |3UE| SR | 34| B | 578 i

Capacity based 14,400 BTUH parton, 857 condanser water. 107 range with B-22 service al 105" condensing tempersture. £ = 125 Lb, FF Flange
Camorehansive rating tables are available for A-22. A-134a and A-2048 Windows 55 selection sollware available
Capadity includes 00025 additive dguling, D003 total foulng tackor



7.5 to 2,500 tons

N

AR e

Select from our extensive stock of standard models or

custom wunits with short lead times.
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Superior by Design

Modern Tube Materials

ACKME DXT evaporators utilize the lat-
g5t technology tbing engineerad spe-
cifically for refrioerant evaporation. Spe-

cial enhancements on the outside and on

the inside produce axpeptiona neriar-

overall vessel size and cosl. THe new gen-

eration of DXT vessels feature 347 0D

tube matenals with heavier wall construc-
tinn than smaller diameter tubed vesssis-
most swkable for mdustrial-duly

Niodifications

Vesselz are available in "Direct Expan-
sion” or “Flooded” designs in standard
ar special matenals and nozzie orienta-
tions: Evaporators can be made from all
316 staintess sieel for directly cooling
acids or other cormosive liguids. Vessels

can be equipped with Cupro-Nicke! or

Tamum tubes and tube sheets {or sea

water duty, I your application calls for

something special, just ask

Controlled Velocities
DX evaporators-aze carefully eng
neered 1o pro

rates, ¢

transiar

boiling and provide agsured ol carm,

W PTESSURE Orop onsarve ihe
required pumping power Viessals can
be engineered for very high chilled
water flows for certain applications
such as ine-rinks

Multi-Circuit Flexibility
Vessels are available with up to four
separate cimnts, depending on diam-
eler. Vessels can be engineered to
fave egual or unegual performance
ratings with refrigerant connections
an ane end of the vessal or unequal
ratings onopposite ends_ Some chiller
packagers prefer the unequal designs
on each enu for eaze of piping anc
matched capacity for multiple com-
pressor systems with unequal HP

Flapdeg ¢vaporators ore avaiinhie for close approach designs Can be
herelicial lar reduced kW dsaw i mulipie COMpresson Sysiems

Standard Construction

Shells —-Steel pipe 1o ASME speaill-
cation, Shelis shot blasied and

[in] |'..'-:-=I'|t'."'_-.'

rohgh performarnce
1 roller expanderd into

=-grooved ube sheot

Tube sheet - Flangs guality stesl to
ASME specifications, Precision ma-
chined for excellen sealing

Baffles - Hot-rolled steel for enhanced
sirengih and reliability. Enginsered for
parrect fit to reduce tube wall damage
from high velociy fluids.

Heads - Fabricated 1o ASME specili-
cations using steel ning and cover de-
sign with superior gas distribution

Conpections - Flanges are 150 Lb
ANS| raised face. Refrigerant connec-
tions are steel and bored to ODS of
copper lebing. Thermowell, vent and
drain conneclons are DFD'flrifEfi-

- Codes - The refrigerant side is con-

*

structed to the latest edition of the
ASME Section VI Div. 1 code and
stamped accordingly. Refrigerant side
pressure is designed lor 250 P51 at
100°F. Shell side design pressure is 150
PSI ai T20°F. Both circusts are 1ested at
1.25 times the design pressure under
water and dried prior 1o sealing
Finish - Exteniar surfaces are cleaned
and pamied with a8 medium gray
El".l:']I'T'IE'F Danl

Insulation - Optional 3/4" Armaflex’
insiulation m single or doulle thickness
15 availlable

A



Dimensions of Standard ACIWE™ D.R'T Models
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1. Suction and fliguid connections are stesl

.R.. )

LIQUID OOF
(NOTE 1)

3 -.;-L-.

TEE

QT
"4l FPT -
{ND‘E‘E 4)

) 2 o
(NOTE 3)

SUCTION -+

LIQUID ODF -

2. Fluid connections are MPT thru 37 diameter. Larger sizes are 150 Lb. raised face flanges.
3. Bottom connection only en 3" MPT and smaller fiuid connection models.
4. External equalizer connection.

5. On units orderad with 3/4" insulation, dd thickness to appropriate dimensions,

(NOTE 1)

6. Fort sizes In table are comect for model shown, Refer to factory for ather circuits and port sizes.

Capacity and Dimensions

MODEL NOM A B c D E F G H J K L M P Q R S
DXT _ TON ODF _ODF _
503-Q4-1C 28 [ 4458 | 512 | 35-5/8 | 2 | 7818 | 1716 | 3-3M16| 858 ! 1 I S 1 B T B B T 34 | B1/2
504-04-1C 63 | 5658|352 (4758 | 2 | 7916 | 1716 3--’3;1Ei 858 | 58 18 134 | 134 34| B2
505-04-1C 86 | B85 |52 | 50-58| 2 | T:9MB | 1-7M16 | 3AM6 | BB | BB | LB | 14| 1.3 ¥4 | Bz
B0S-OM1C 128 | 68 |638 | s0mm |2-12| 61808 | 1716 [ 3716 | 3ans | 78 | 13w | 2B | 2us - |3 oas
MEG =179 | 5678 | 838 | 47:3/8| 3 | 76| 1-9N6 | 378 (10-216] 1-1B| 38| 3 3 | t-25/64|1-25/64 ] 34 | 11-31
HHSM 234 68-7/8 | 8-5/8 | 5858 | 3 | 7-11/18| 1916 | ATE [10-316) 1-U8| 38| 3 3 | 1-22/64 [ 1-25/64 | 34 | 11-34
anﬁ-nz-ic BO-1id | 8-5@ | 7198 | 3 | 718 | 1906 | 3778 10-316| 1-38| 218 2 | 1-58| 1-34 | 1-34 V4 | 1-34
807-R22C 361 | 5278 | 858 | 835 | 3 | 7416 | 1906 i T8 [ 10-318) 1-38) 28| 2 | =8| 134 | 134 | 34 1134
1007-522C - 453 | 93 1031 | 8338 | 4 | 7716 | 1-1516; 412 | 1158 | 1-38] 258 | 24| 14| 2 | 202 [ 34 11438
1008-52-2C 584 105 10204 | 95508 4 | 7718 | 1-1506] 842 | 1158 | 38| 258 234 | 134 2 202 | '3 1438
1009-52-2C 694 | 117 |10:34 | grR| 4 16 | 1-1516] 5116 1158 | 1-38| 2488 | 234 | 19| 2 | 202 | 34 1438
1208-522C 93.2 | 105-38(12-34 | 0558 | 5 | 734 | 2316 | 534 | 1258 | 1-58| 258 | 3| r1au| 2 | 234 | 34 | 16-38
1410°52-2C _117.6 | 130-1/2| 14 nESB| B | B 24116 5304 | 13104 V58| 3B | 2580 3 | 238 | 278 | 34 1712
1511]-52-2{::? 147.2 | 131-12| 16 |119-58| 8 | 878 | 316 | 7116 ] 14-1/4 | 2.08| 38| 4 3 3 3004 | 3| 1912
TET&HEME 1962 131-2) 18 |NSB| 8 | GG IWI6 )\ THIG) 1514 28| IEB) 43| 32 34| 334 | 34 a2
201[]-&32—2!3 2488 | 132-12| 20 |119-5-E- 100 8316 | 3116| B8 | 16-04| 2-1/8) 358 | § | 4-14| 3072 | 438 | 342312

Mominal lons capacily based 12,000 BTUH per 1on, 44" leaving waier temperature, 107 range wilh R-22 service at 35° ovaparating tempersturs
Comprehensive rating lablas are svalable for H-22, B-1343 znd B-404a, Windows 85™ selaclion softwars available
Capacity includes 00025 additrve fouling, 0005 1gial fouling facior




Appendix B

Torque Curves
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ENGINE SPEED (RPM/100)

General Motors Vortec 8100 Series Industrial Engine
Torque Curve

TORQUE (LB-FT)
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1. Introduction

The intention of this report is to evaluate the technical and economic feasibility of developing
and commercializing the hybrid natural gas/electric chiller/cogenerator product. The report
discusses the state of the technology, looks at different product designs, estimates product cost
and pricing, projects performance and operating costs and summarizes overall economics.

2. Evaluation Criteria

Various hybrid chiller/fcogenerator combinations were evaluated based on a set of three key
criteria;: (a) Need for interconnection requirements, (b) Hybrid chiller operation and (c) Ability
to operate as an emergency generator.

a) Need for Interconnection Requirements: A drawback of induction generators is that they
require interconnection to the grid. Synchronous generators can be either interconnected to the
grid or to a specific electric load. Electric utilities have significant control over permitting
interconnection requirements as well as standby/back-up rates and stranded cost recovery
(competitive transition charges, CTC). The utility can strongly discourage the interconnection
of electric generation equipment to their distribution system using both means. If there were no
interconnection barriers, use of induction generators for reducing a building’s electric demand
would be ideal due to a simple grid interconnect and the fact that the demand reduction is
transparent o the individual building loads (i.e. lighting, chillers, refrigeration systems,
mainframe computers). A brief description of synchronous and induction generators is given
below.

Synchronous generators are used in emergency or standby generator sets. They are able to
generate electricity when the electric grid is down. They can be connected to individual
equipment or interconnected to the grid. A synchronous generator must operate at a synchronous
speed of either 1,800 rpm or 3,600 rpm.

An induction generator is basically a standard electric motor operated in reverse. Induction
generators are relatively inexpensive and highly durable. Today, most industrial motors greater
than one horsepower are three-phase induction machines. Induction generators are commonly
used in co-generation equipment. They operate at a speed slightly more than their synchronous
speed of 1,800 rpm. At exactly 1,800 rpm, no current is generated. As speed is increased above
the synchronous speed, 1800 rpm, the generator power increases up to full capacity. Because the
generator’s electric field is developed by an externally supplied magnetizing current, the
generator output will be synchronized with that external source. Induction generators are
relatively simple to interconnect to the electric utility grid. They offer single-point building load
control. Multiple unit installations are straightforward. Interconnection requirements to the



electric grid are generally less than that for a synchronous generator due to the fact that a
synchronous generator can operate even if the electric grid is down whereas an induction
generalor requires an excitation current from the grid in order to generate electricity. Therefore,
an electric company technician could shut down the electric grid in order to repair or install a
piece of equipment or electric lines and unknowingly be electrocuted by electricity generated
from a synchronous generator. The same would not be true of an induction generator which
could not function without the electric grid.

(b) Hybrid Chiller Operation: Hybrid chiller operation refers to air conditioning using both
natural gas and electricity as primary fuels. A hybrid chiller plant would provide the building
owner with the flexibility to minimize cooling operating costs irrespective of energy rates by
using the lowest cost fuel (either natural gas or electricity). If real time pricing rates become
more the norm, hybrid chiller operation will become mcreasingly valuable. In addition, for
“single chiller buildings”, the hybrid chiller offers prime mover redundancy, i.e., if the engine is
being serviced or maintained, the electric chiller can still be operated.

(c) Ability to operate as an Emergency Generator: An advantage of an en gine-driven chiller
hybrid product is the ability to provide cooling or emergency power generation as part of a single
package utilizing a single engine. Companies involved in manufacturing and selling engine
chillers haven’t yel taken advantage of this feature. However, as deregulation unfolds, electric
reliability will become more of an issue and a single product capable of providing cooling and
emergency power generation should gain greater value in the market place.



3. Candidate Hybrid Design Concepts
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The original hybrid product design concept (shown above) was based on a hybrid natural
gas/electric chiller developed through GRI funding with Alturdyne as the manufacturing partner.
The chiller 1s capable of providing cooling with either natural gas or electricity as the primary
fuel. The dnveline consists of an engine, a clutch, an electric motor and a compressor all in
series on the same shaft. With the clutch engaged, the engine drives the compressor. If electric
operation is preferred, the clutch is disengaged and the electric motor drives the compressor.

The rationale for this product are the electric rale structures around the country which essentially
penalize electric customers for high demand during “peak demand periods”, but provide
attractive rates during “off-peak” demand periods. On-peak demand periods, as defined by local
utilities, are generally coincident with maximum demand for cooling (summer season and day
time hours) and inversely, off-peak demand periods are associated with low demand for cooling
(evening hours and winter season). The hybrid chiller provides the fuel flexibility needed to
provide the lowest cost cooling possible during any period of time. For periods of time with high
electric demand charges, the building operator would use the engine fueled by natural gas
(driving through the electric motor) to drive the refrigeration compressor. During periods with
low electric rates, the electric motor would be used to drive the compressor. An added advantage
of this product is the redundancy of the prime movers, thus providing an inherently more reliable
cooling product.

The latest product design is an advancement of the product described above. With this design,
the motor doubles as a synchronous generator thus providing the entrgy customer with an added
feature, emergency power. In addition, with a larger engine, air conditioning and electricity
could be generated simultaneously thus significantly reducing building peak electric demand.
The generator could offer variable speed, constant frequency operation in order to exploit the
variable speed capability of the engine-driven chiller. For building owners with a need for both
emergency power (excluding hospitals where there is a requirement for a generator set dedicated
for emergency power) and air conditioning, this new product would offer a lower first cost
premium and an improved economic justification over engine-driven chillers.



Besides substituting a motor/generator in place of the electric motor, an extra clutch is
incorporated between the motor/generator and the compressor. The second clutch is required to
disengage the compressor during emergency power operation.

As part of a due diligence effort, various alternative hybrid chiller/cogenerator combination
designs were reviewed based on their relative advantages and disadvantages. The ori ginal
natural gas/electric hybrid chiller product is presented below as “Concept 1”. The proposed
product, the natural gas/electric hybrid chiller/cogenerator, is presented as “Concept 2. Other
alternative hybrid products are briefly described. Benefits and drawbacks of each product
concept are discussed below.

CONCEPT 1

ENGINE - CLUTCH - MOTOR - COMPRESSOR

This was the original product design. The primary objective of this concept was to eliminate the
customer risk and apprehension associated with purchasing an engine-driven chiller for a
building which requires only one chiller. The building owner concerns would include product
reliability and availability. These concerns do have some merit since engine chillers are more
complex than their electric counterparts. In addition, there is always the concern regarding down
time associated with service and maintenance. A second selling feature of this product is the
fact that the chiller can be operated using either natural gas or electricity as the primary fuel.
This feature provides building owners with the flexibility to minimize operating costs (based on
dual-fuel capability) regardless of current and future energy rates.

One unit was installed at Plastic Graphics in Los Angeles. The unit accumulated 1,000 operating
hours, but is in the process of being removed due to a poor site application, a process cooling
application requiring 20 tons of cooling on a sharp, rapid on/off duty cycle.



CONCEPT 2

ENGINE - CLUTCH - SYNCHRONOUS MOTOR/GENERATOR -
CLUTCH - COMPRESSOR

{Vanable Speed. Constant Frequency Power Controls Required)

A Los Angeles motor/generator consultant has an invention on a controller adapter, which when
used in conjunction with an off-the-shelf vector controller, would enable variable speed, constant
frequency generator operation at lower cost than competing designs (above 150 kW). This
invention is currently being utilized in wind turbine generators by a division of Enron
Corporation involved with wind turbine installations. The controller adapter only requires one-
third of the power generated and is, therefore, lower in cost than conventional units. Enron is
interested in eventually moving to a brushless generator to eliminate the maintenance and
service associated with replacement of the slip rings and brushes. GRI's proposed hybnd
chiller/cogenerator intended to incorporate this invention into the design. A second clutch is
needed so that the engine can drive the synchronous generator (providing emergency power)
without driving the compressor. The engine operates in a variable speed mode thus providing
variable capacity and high efficiency chiller operation. The variable speed, constant frequency
generator allows the unit to generate electricity while the engine speed modulates.
Consequently, the engine can operate fully loaded and at a high efficiency at all times.

The product design was intended to expand on the original GRI design with the following two
features:

(1) The engine would be able to generate electricity while simultaneously providing chilled
water.
(2) The unit could also function as a standby generator for emergency purposes.

This product was determined to offer increased value to the building owner by allowing
maximum electric demand reduction and emergency electric generation. The emergency
electric generation is a key added feature which improves the overall economics of the product
significantly, The buyer of this equipment would essentially be purchasing a hybrid chiller and
an emergency generator.

Based on discussions, it was determined that the generator brushes would have to be replaced,
probably on an annual basis. This would represent an added maintenance task. However, the
brushes could be located on the outside of the generator (with a special design) to allow for easy
replacement. The cost of this motor/generator would be quite expensive, estimated at $25,000.



CONCEPT 3

ENGINE - CLUTCH - INDUCTION MOTOR/GENERATOR -~ CLUTCH --
COMPRESSOR

This concept is identical to the previous one with the exception that an induction motor/generator
replaces the synchronous motor/generator. This product design allows the engine lo operate at
roughly one speed, between 1,800 rpm and 1,850 rpm, while driving the compressor and
generator simultaneously. Variable speed, constant frequency power controls are not required.
Whatever power is not needed to drive the compressor is used to generate electricity which is fed
to the electric grid, thus reducing the building’s electric consumption. In this way, the engine
can always be fully loaded and operate at its maximum efficiency. The induction motor is
simpler and less costly to interconnect than the synchronous generator, This concept has three
drawbacks:

1. Emergency power generation is not possible with this product design, a si gnificant value-
added feature.

2. This concept requires interconnection to the grid, albeit with an induction generator for
which interconnection requirements can often be less demanding than a synchronous
generator.

3. This operating strategy does not take advantage of the high efficiency, variable speed chiller
operation inherently possible with an engine-driven product.



CONCEPT 4

ENGINE - SYNCHRONOUS GENERATOR - CLUTCH - INDUCTION
MOTOR/GENERATOR - CLUTCH - COMPRESSOR

This design concept provides the same functionality as concept 2, but it is expected to cost less
and uses off-the-shelf components. When the engine is intended to drive the compressor and the
induction generator simultaneously, the synchronous generator is disconnected from its load and
its brushes are also disconnected to eliminate unnecessary wear. The induction generator is
utilized for electric peakshaving purposes while the synchronous generator is utilized for
emergency electric power generation only. Both the induction generator and synchronous
generator are off-the-shelf components are readily available and priced reasonably ($1,800 and
$2.400, respectively, for 75 kW output). The drawbacks include the following:
1. The length of this product will deter product sales since “foot print” is often limited by the
space in the mechanical room, especially for replacement applications.
2. The product also requires interconnection with the grid



CONCEPT 5

ENGINE - SYNCHRONOUS GENERATOR - INDUCTION GENERATOR

This design concept does not function as a chiller, only as a generator. The concept involves an
engine generator set producing electricity for one of two purposes: (1) The engine drives the
induction generator generating electricity. The induction generator is interconnected to the
electric grid and reduces the building electric demand during peak periods. The electric demand
reduction is transparent to the electric consuming equipment. While the synchronous generator
i on the same shaft as the induction generator, it would be disconnected from its electric load
during peak shaving. An advantage of this design is that the building doesn’t require a chiller in
order to achieve savings from peak shaving. (2) The engine drives the synchronous generator
which provides emergency electricity to predetermined loads. While the induction generator is
on the same shaft as the synchronous generator, it would be disconnected from its load during
emergency power operation.

The benefit of this product design is the fact that it is applicable to all buildings weather or not a
chiller is installed. Consequently, the market potential is tremendous.

The drawback of this design concept is the necesssity to interconnect the output from the
induction generator with the grid.



CONCEPT 6

ENGINE- SYNCHRONOUS GENERATOR--wired to - SEMI-HERMETIC

COMPRESSOR (Electric Driven)

This concept is similar to the Trane’s “Enginator” product. It is essentially a synchronous
generator set which is dedicated to providing electricity to power an electric chiller. However,
unlike the Trane product which simply integrates a Waukesha generator set with a high
efficiency Trane centrifugal chiller, the opportunity exists to integrate the required hardware as
part of a single piece of equipment. It's advantages include:

L.
2. The engine generator set can be integrated with existing chillers

3.

4. Hybrid operation: Cooling can be provided using either natural gas or electricity as the

The engine generator set can be located separately from the electric chiller
The engine generator set can be utilized as an emergency generator

primary fuel

The disadvantage is that there is an efficiency conversion penalty involved with generating the
electricity for the electric motor-driven chiller. Also, the generator must be sized 20 to 30%
larger than the electric motor that it powers in order to handle the motor’s starting power surge
requirements.



CONCEPT 7

ENGINE—SYNCHRONOUS GENERATOR—CLUTCH--COMPRESSOR

This product provides natural gas cooling along with the ability to generate emergency power.
The drawback is that it is not a hybrid product and therefore cannot provide electric cooling.

10



4. The Top Two Hybrid Designs

The two top Concepts which satisfied all three key criteria were Concept 2, the originally
proposed product design and Concept 6, a synchronous generator hardwired to a semi-hermetic
compressor on one skid or alternatively, a separately-installed synchronous generator supplying
power to an electric chiller.

The table below was created to aid in evaluating the various hybrid designs. The hybrid products
were evaluated on three principle criteria: (1) Hybrid natural gas/electric chiller operation, (2) no
Electric grid interconnect requirements and (3) Ability to provide emergency power. The
interconnect requirements of an induction generator was considered a significant commercial
barrier. While an induction generator is an attractive means of reducing building electric
demand irrespective of individual electric consuming equipment, electrical interconnection
requirements as specified by the local electric utility can often be onerous. The ability to operate
the product as a hybrid chiller and an emergency generator were considered quite important to
the product’s commercial viability. Emergency power generation greatly enhances the
commercial viability of an engine-driven chiller through increased utility and consequently
improved economics. The ability to operate the chiller using either natural gas or electricity
provides the building owner with the flexibility to always use the most cost effective fuel for any
period of time and for any schedule of energy rates. It also provides inherently greater cooling
system reliability due to the redundancy in prime movers.

Other

No. | Combination Interconnect | Hybrid Operation | Emergency Gen Tisues

| B nl Fi g

..-'... i vy _' S T N e R e ] d

3 i
4 E-5G-CI-IM/G-CI-C | Yes Yes Yes I..'c:]gth

7 |B-SG.CI-C T s e Ves

Abbreviations: E (Engine), Cl (Clutch), M (Electric Motor), SM/G (Synchronous
Motor/Generator), IM/G (Induction motor/generator), C (Compressor), SG (Synchronous
Generator), HC (Semi-hermetic compressor), IG (Induction generator)
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5. Technical Feasibility

A hybrid natural gas/electric chiller/cogenerator can be developed utilizing existing technology
including reversible synchronous machines capable of operating as motors or generators. Two
major manufacturers of motors, AVK and WEG have successfully built them before and are
willing to build them for this application. The machines are designed for self starting without
load. All compressor cylinders will be unloaded to minimize the startup torque.

The original concept was to develop a wound rotor machine with slip rings short circuited. This
1s an excellent low-slip, high efficiency induction machine whose motor performance can be
tailored to develop as much as 175% of rated torque to start the compressor. The wound rotor
machine is also an excellent synchronous generator when the short-circuit is removed from the
slip rings and DC power is applied to the slip rings. Since slip rings and brushes would need to
be replaced on an annual basis, a decision was made to specify a reversible synchronous machine
(without slip rings and brushes) capable of operating as a synchronous motor or generator. The
selection was based on the need to develop the most commercially acceptable product possible.

Part of the originally proposed product design concept involved the simultaneous operation of
the compressor and a variable speed, constant frequency generator. Since the average
compressor load for an air conditioning duty cycle is roughly 50%, a variable speed, constant
frequency (VSCF) generator would enable the engine to continuously operate at full load, the
best efficiency point. VSCF technology is utilized for wind turbines. The two drawbacks with
the VSCF generator are (a) cost and (b) utilization of the generated electricity. A variable speed,
constant frequency motor/generator would cost about $25,000 for 75 kW output, roughly three to
five times the cost for a constant speed machine. Based on applying this technology to wind
turbines, the economic breakeven point is around 400 kW. Besides the high price of the VSCF
generator, utilization of varying amounts of generated electricity represents another issue. The
only practical way to utilize varying amounts of generated power would be to feed the electricity
back to the electric grid. Given that local utility interconnection requirements (cost and time)
are often a significant deterrent to interfacing with the grid, economically applying VSCF would
be difficult. In fact, if interconnection to the grid is possible, a single speed product could more
economically be applied to supply cooling and generate electricity. Compressor cylinder
unloading would control cooling output. Engine horsepower not used to cover the cooling load
would be utilized to generate electricity. In this way, the engine could be fully loaded (and
operate at a maximum efficiency) during peak demand periods when electric rates are highest.

Industnal gasoline-derivative engines have proven to be highly réliable in the market place for
engine chiller applications. Tecogen has successfully applied them for engine-driven chiller
applications in the market place. The engine service life is estimated at a nominal 20,000 hours.
Gasoline-derivative engines have a significant cost advantage (3:1) over diesel-derivative
engines. Given these advantages, the Project Team decided to specify a GM7.4 L gasoline
denivative engine rather than a Caterpillar diesel-derivative engine.

The compressor is a Carrier Carlyle reciprocating compressor with a long track record for
reliability and durability. Unloading of the 12 cylinder compressor can be done in pairs.

12



The control hardware has been developed and the software programming is underway. There
should be no technical showstoppers with regards to controls. The controlleris a
microprocessor-based custom design which will be significantly lower in cost than purchasing a
generic industrial grade controller. It will include diagnostic and remote monitoring capability.

Proper speed matching of the engine, motor/generator and compressor is critical. The speed
limitation for the reciprocating compressor is 1,800 rpm. The synchronous generator can be
operated at either 1,800 rpm or 3,600 rpm. The gasoline-derivative engine can operate between a
range of speeds from 1,500 rpm to 3,200 rpm. Operating the engine at a constant 1,800 rpm
would satisfy the compressor and the generator and portend to very long engine life. It would
also allow the eventual specification of a diesel-derivative engine such as a Caterpillar or
Waukesha model as a substitute for the gasoline-denivative GM engine.

The current hybrid chiller/cogenerator design requires two clutches. Warner electric will
provide electric clutches for this product. Though they represent proven technology for
industrial applications, only future product testing will determine whether they have the
durability and reliability needed to ensure the commercial success of this product in the market
place.

13



6. Commercial Feasibility

One of the goals of this project was to design a commercially-viable product. Hence, emphasis
i the design process was placed on minimizing costs as much as possible, but also specifying
components which have the durability and high reliability needed for a chiller application. As
an example, a decision was made to locate the engine drive-line above the condenser/evaporator.
Both York International and Tecogen essentially utilize the evaporator/condenser tube bundles as
the support frame, thus eliminating the cost for an added support structure. This design feature
also results in a compact chiller with a footprint comparable to electric units, a key factor in the
replacement market.

TORSIMALLY SOFT COUFLING
ELECTRIC CLUTCH
ELECTRIC MOTOR

EMGIHNE EXHAUET TORSIOMALLY RIGID COUPLING
ENGINE COMPRESSOR
EXPANESION CONTROL PANEL
BOTTLE

o
ENGINE [=
HEAT )
EXCHANGER | ,i

e [ |
uT | iy} IMN A
EVAPORATOR CONDEMIEE o0
Qoo
T T~ i J 58
WIBRATION 30 34.0—=
IS0LATORS BASE
=& PL
—={ 120 149.5 BASE

6.1 Manufacturing Cost and Pricing Analysis

Several major decisions were made concerning the chiller design which impact cost and more
importantly price.

e An industrial automotive (gasoline-derivative) engine would be specified. The automotive
derivative engine is roughly $10,000 less than a comparable 100 HP diesel-derivative engine.

e We will specify R134-A as the refrigerant. While the cost increases significantly due to a
larger compressor and evaporator and condenser tube bundles, the refrigerant is
environmentally friendly and is considered the top replacement candidate for R22.

14



¢ Due to Alturdyne’s extensive experience with reciprocating compressors, we will use a 100-
ton Carlyle reciprocating compressor. A screw compressor would provide a better speed
match for a gasoline-derivative engine. Reciprocating compressors are limited to 1800 rpm
while a GM engine can operate up to 3,200 rpm. However, the engine should achieve very
long life operating at low speeds (1,200 to 1,800 rpm)

e A decision was made not to include a variable speed, constant frequency feature as part of
the motor/generator primarily because it would be too costly (roughly $25,000 for a 75 kw
machine).

e Ags part of the GRI-funded Hybrid project, Alturdyne, has designed and developed a custom
microprocessor-based controller. This controller will be utilized in Alturdyne’s engine
chillers, hybrid chillers and the current advanced hybnd chiller.

A manufacturing cost and pricing estimate was completed and shown below for two cases: (a)
Use of R22 as a refrigerant and (b) Use of R134A as a refrigerant. Technically speaking, the
product could be designed with either refrigerant. However, R22 will be phased out during the
next ten years. Large manufacturers such as Trane and York have already redesigned their
complete chiller lines with alternate refrigerants including R123 and R134A, respectively. The
cost associated with specifying R134A versus R22 for this chiller design is quite significant,
more than $20,000. The estimated product price increases from $76,000 to $98,000. The cost
increase is directly related to the larger condenser, evaporator and compressor required for
R134A. R134A has a lower specific density than R22. These manufacturing cost estimates
assume annual sales volume of 50 units. At larger volumes, the manufacturing cost can be
reduced by 10 to 20%.

Purchased parts and materials make up approximately 88% of the product’s manufacturing cost
with the remainder for labor and factory overhead. The gross margin for the product is 35%,
fairly typical for small HVAC manufacturers.

The price of this equipment (100-ton/75 kW unit) compares with equivalent electric chillers and
an emergency generator set as follows:

Hybrid Chiller/Cogenerator -- $98,000
Engine Chiller -- $88,000

Electric Chiller -- $40,000

Emergency Generator -- $19,000

The chiller/cogenerator will have about a 11% price premium over a conventional engine chiller.
The first cost premium between a 100-ton engine chiller and an electric chiller is $48,000. The
first cost premium between the hybrid chiller/cogenerator and a separate electric chiller and 75
kW emergency generator is $39,000. These price premiums will change considerably depending
on the size of the equipment. However, it is important to note the lower price premium of the
hybrid chiller/cogenerator than an engine chiller.

15



Manufacturing Cost and Pricing Estimate

Materials Quantity Cost, Each R22 Cost, total R134A Cost, total
GM Engine 1 $4,779.00 54,779.00 54,779.00
Clutch 2 $2,045.00 £4,090.00 $4,090.00
Bearing 2 $82.00 $1684.00 $164.00
Motor/Generator 1 %2,369.00 $£2,359.00 $5,000.00
Carrier 5HB6 Compressor 1 $8,652.00 $8,652.00 $12,700.00
Flex Coupling 1 $456.00 £456.00 $456.00
Qil Cooler Package 1 $245.00 £245.00 $245.00
Motor Fastening 1 3147.00 5147.00 $147.00
Crankcase Heater 1 $55.00 $55.00 $55.00
Ketema Evaporator 1 §$5,265.00 35,265.00 59.654.00
Ketma Condenser 1 %2,869.00 52,869.00 $5,750.00
Engine Heat Exchanger 1 $686.00 $686.00 5686.00
Frame and Brackets 1 $750.00 $750.00 5750.00
Other Materials 1 $11,759.00 £11,759.00 511,759.00
Materials Total $42,286.00 $56,235.00
Materials Handling $1.691.44 $2.249.40
Materials Total 543,977 44 £58,484.40

Labor Hours  Rate, S/hr Cost Cost

Project Engineer a5 27 5845.00 $845.00
Electrical Engineer 15 27 $405.00 $405.00
Draftsman 8 11 566.00 $86.00
ILS Data a8 17 $1356.00 $136.00
Foreman i 19 576.00 S76.00
Quality Control 2 12.8 525.680 £25.680
Machinist 12 19 $228.00 $228.00
Sheet Metal B 9.36 S74.88 £74.88
Welder 24 12.25 $294.00 5294.00
Assembler 80 9.36 $561.60 $561.60
Electricican &0 10.25 5615.00 615.00
Painter 24 917 §220.08 5220.08
Test Technician B 12.8 5102.40 $102.40
Total Labor $3,749.56 $3,749 58
Indirect labor $2,512.21 3251221
Manufacturing Cost £50,239.21 $64,746.17
G&EA 516,729.66 $21,660.47
Manufacturing Cost & G&A $66,068.86 $86,306.64
Profit $8,036.26 $10,356.80
Manufacturing Cost, G&A, Profit 575,005.12 $96,663.43
Warranty $1,500.10 $1,933.27
Estimated Prica $76,505.23 $98,596.70
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Manufacturing Cost Breakdown
Alturdyne Advanced Hybrid Chiller/Generator
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6.2 Operating Economics

Approach

Energy cost savings analyses were performed using the DOE-2 building energy analysis program
to simulate the application of various cooling plant configurations to a prototype building.
Analyses were performed for several cites where a commercial building of this type would be on
a time-of-day electric rate with an on-peak and off-peak electric cost schedule.

Application

A prototype retail store was configured to have a peak cooling load of 100 tons in each city and
was simulated as if it were equipped with various cooling plant equipment configurations
including an all electric cooling plant, an all gas cooling plant and with hybrid cooling plants of
varous engine and generator capacities like that shown below.

Engine Motor/Generator Compressor

100 HP 75 kKW 100 tons

For comparison purposes, the retail store was also analyzed with an engine generator set
available to run interconnected with the electric utility grid to satisfy a portion of the building’s
electric load. One additional case simulated an engine generator set dedicated to the electric
chiller with the generator operating only when there was a cooling load. -

Locations

Detroit, Michigan
New York City
Los Angeles suburb

Assumptions

1) Electric cooling efficiency, 0.79 kW/ton (4.45 COP) based on ASHRAE Standard 90.1,
positive displacement water cooled chiller

2) Gas cooling efficiency, 1.46 COP with 0.02 kW/ton electric parasitics based on water
cooled engine driven chiller

3) For hybrid chiller/cogenerator, gas engine runs at constant speed and fuel consumption
anytime cooling is needed during the on-peak electric period which is different for each

city

18
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4) Generator runs at constant speed with variable output when gas engine runs

5) Generator set was assumed to be interconnected to the utility electric gnd and allowed to
operate during the on-peak period hours to reduce the building’s dependency on the grid.

6) After sausfying cooling load for any hour, unused engine HP is used to operate generator;
generator output varies as shown below with for three engine sizes

Constant Speed - Variable Output Generator
P 100 MR Engline + 100 Tons Cooling « 75 kW Generator
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7) Two different operating scenarios were investigated:
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a) Generator allowed to operate only when cooling load is above 20% capacity since
below 20% capacity the gas cooling system will cycle

b) Generator allowed to operate during all on-peak hours even below 20% cooling
capacity by falsely loading compressor. This allowed generator to peak shave and
produce kWh during on-peak hours when it normally not be operating.

8) Annual electric and gas costs for each case were calculated using rate schedules for each
city that applied to this retail application. Savings during on-peak hours were determined

as follows:

Los Angeles
Electric on-peak demand charge $16.40/kW
Electric on-peak energy charge $0.14896/kWh
Natural gas charge $0.49858/therm

New York
Electric on-peak demand charge $12.17/kW
Electric on-peak energy charge $0.1041/kWh
Natural] gas charge $0.67264/therm

Detroit
Electric on-peak demand charge $14.25/kW
Electric on-peak energy charge $0.0296/kWh
Natural gas charge $0.47679/therm

9) Maintenance costs for operation of the engine were determined as follows:

For gas engine cooling, $0.015/ton-hr

For engine generator, $0.015/HP-hr of generator output

10) For the cases utilizing a conventional engine generator set, the fuel input efficiency was
assumed to be 25% at full load output varying down to 15% at 25% of full load output.

Results

Results have been summarized on a set of bar charts (see attachments) for each of the 3 cities to
show for each case:

Annual Cost Savings versus the all electric cooling case
Annual Gas and Electric Costs
Annual Gas Use by end use category

The 15 cases analyzed include:

1) All electric cooling plant
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2)

75 kW engine generator set operating at full capacity duning on-peak hours

3) 112 kW engine generator set operating at full capacity during on=peak hours

4) 75 kW engine generator dedicated to running electric chiller; generator operates only
when cooling required

5) All gas cooling plant

6) Hybrid cooling plant operating in gas cooling mode during on-peak hours and electric
cooing mode during off-peak hours

7} Hybrid chiller/cogenerator with 100 HP engine, 100 ton compressor, 75 kW generator
operating during on-peak hours when cooling required

8) Hybrid chiller/cogenerator with 100 HP engine, 100 ton compressor, 75 kW generator
operating during all on-peak hours

9) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 75 kW generator
operating during on-peak hours when cooling required

10) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 75 kW generator
operating during all on-peak hours

11) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 93 kW generator
operating during on-peak hours when cooling required

12) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 93 kW generator
operating during all on-peak hours

13) Hybrid chiller/cogenerator with 200 HP engine, 100 ton compressor, 75 kW generator
operating during on-peak hours when cooling required

14) Hybrid chiller/cogenerator with 200 HP engine, 100 ton compressor, 112 kW generator
operating during on-peak hours when cooling required

15) Hybrid chiller/cogenerator with 200 HP engine, 100 ton compressor, 112 kW generator
operating during all on-peak hours

Conclusions

An all gas cooling plant saves $6,000 - $10,000 annually (engine maintenance costs included)
versus an all electric cooling plant for the three cities analyzed

For the hybrid chiller/cogenerator cases analyzed:
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Annual Savings ($)

a)

b)

c)

d)

25,000

20,000 1

15,000

10,000

Annual savings can be maximized if the chiller/cogenerator is allowed to operate
duning all on-peak hours even when no cooling is needed.

The optimum chiller/cogenerator configuration based on the alternatives analyzed
appears to be the system with a 150 HP gas engine, 100 ton compressor and 93 kW
generator operating all on-peak hours. This configuration produces annual savings
including maintenance versus the all electric cooling plant of $9,000 - $15,000,

Greater annual savings are possible in Los Angeles due to the long cooling season but
only at the expense of installing a larger 200 HP engine.

The hybrid chiller/cogenerator makes most sense in cities and applications that have
time-of-use electric rates with on-peak and off-peak schedules where electric demand
and energy charges are higher during on-peak periods. For cities in which time of
use rates don’t apply, but electric rates are high, an engine-driven chiller would
generally provide the best economics.

New York Savings Versus All Electric
for Various Cooling Plant Scenarios
100 Ton Retail Store

100 ton retail store In New York has 2821 hours of cooling;
1124 hours are during the on-peak period, 3AM - 6PM, weekdays
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Los Angeles Savings Versus All Electric
for various Cooling Plant Scenarios
100 Ton Retail Store

o 100 ton retall store In Los Angoles has 4590 hours of cooling;
Fry 504 hours are during on-peak perlod, noon - GPM, summer weekdays
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6.3 Economics

The table below summarizes the results from the DOE-2 hour-by-hour analysis performed to
evaluate and compare the net operating savings of two proposed hybrid chiller/cogenerators
(different engine and generator size) versus an electric chiller, an engine chiller and the original
hybrid chiller operated with natural gas during peak demand periods and electricity during off-
peak demand periods. The results do not include savings from engine heat recovery, but do
include a cost for maintenance. Each proposed hybrid chiller/cogenerator product operates
continuously at a single speed (1,800 rpm) during on-peak electric rate periods supplying and
generating a combination of cooling and electricity, thus keeping the engine fully loaded at all
times.

Net Operating Savings versus an Electric Chiller

Detroit Los Angeles New York City
Gas Engine Chiller $5,873 $10,674 $7,979
Original Hybrid $6,297 $11,885 $6,063
{Marural gas operation on-peak,
Electricity operation off-peak)
Proposed Hybrid $9,036 $11,885 $12.821
Chiller/Cogenerator
100HP/100Tons/75 kW
Proposed Hybrid $12,612 $15,951 $19,132
Chiller/Cogenerator
150HP/100Tons/93 kW

A key underlying assumption associated with the two proposed hybrid chiller/cogenerator
products is that the electricity generated can be utilized. Since the power output will vary
depending on the chiller load, the only way to fully utilize the generated electricity is to
interconnect to the electric grid thus reducing the electric demand and consumption of the
building. In New York City and Detroit, the proposed hybrid product (100HP/100Tons/75kW)
offers a 50% increase in net operating savings over an engine chiller or the original hybrid
chiller. The improvement in net operating savings is not as great in Los Angeles. However,
specifying a 150 HP engine and a 93 kW motor/generator versus a 100 HP engine and a 75 kW
motor/generator substantially improves the operating savings in all three cities. Obviously, the
increased cost for the larger engine and generator would have to be taken into consideration
when evaluating the overall economics. However, the significant added annual savings (34,000
to $6,000 per year) would seem to offer a rapid payback on the incremental investment.
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The pay back periods for the proposed Chiller/Cogenerator versus a separate electric chiller and
emergency generator in New York City, Los Angeles and Detroit range from 3.0 to 4.3 years,
Commercial building owners are generally willing to consider the purchase of engine-driven
chillers if the payback period is less than five years. For reference, the simple payback periods
for an engine chiller versus an electric chiller range from 4.5 to 8 years. The analysis is for a
retail store. Previous engine chiller analyses has shown that other building applications like
hospitals often result in improved economics.

Product Prices

Hybrid Chiller/Cogenerator - $98,000
Engine Chiller -- $88,000

Electric Chiller - $40,000

Emergency Generator — $19,000

Price Premium
Engine chiller versus Electric Chiller First Cost Premium: $48,000

Hybrid Chiller/Cogenerator versus Electric Chiller and Emergency Generator First Cost
Premium: $39,000

Economic Simple Pavback (Hybrid Chiller/Cogenerator versus an electric chiller &
Emergency Generator) :

New York City : $39,000/$12,821 = 3.0 years
Detroit: $39,000/%9,036 = 4.3 years

Los Angeles: $39,000/$11.885 = 3.3 years

Economic Simple Pavback (Engine Chiller versus an Electric Chiller)

New York City: $48,000/$7,979 = 6.0 years

Detroit: $48,000/35,873 = 8.0 years

Los Angeles: $48,000/$10,674 = 4.5 years
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7. Conclusions

Technically, there do not appear to be any showstoppers with regards to developing a product
which functions as an emergency generator and an engine chiller. A reversible synchronous
machine can be operated as a motor or a generator. The one limitation is that the machine, when
operated as a motor, cannot start under a load. This does not appear to be a problem as the
compressor can be fully unloaded before the motor is started. A variable speed, constant
frequency generator would enable the generation of power coincident with variable speed chiller
operation. However, in order to utilize varying levels of power generation, inlerconnection to
the electric grid would be necessary. Grid interconnection/permitting requirements along with
standby/backup rates, as specified by the local electric utility, often discourage on-site power
generation. Because of this fact, as well as the high cost for a VSCF motor/generator, a decision
was made not to incorporate A VSCF feature into the prototype under development. As a single
speed machine, the product is capable of providing cooling and generating electricity
simultaneously. The chiller would match the cooling load through cylinder unloading and utilize
refrigerant gas bypass rather than cycling. Consequently, the machine would still generate
varying output power levels (constant speed, but varying torque), thus necessitating
interconnection with the grid in order to utilize the electricity.

From a commercial perspective. the product will be economically competitive in many high
electric-rate areas of the country including Detroit, New York City, and Los Angeles. The
product offers a lower first cost premium over a competing electric chiller/emergency generator
than would an engine chiller versus an electric chiller. Due to the flexibility to generate
clectricity simultaneously while supplying cooling, it offers improved operating savings
assuming grid interconnection is possible. Payback periods ranged from 3 to 4.5 years in those
cities for retail applications. Other applications such as hospitals would be expected to yield
even shorter payback periods. Recovering heat from the engine has the potential of improving
the economics even further (10% to 30% depending on the application).

In total, the hybrid/co-generator represents a technically and commercially-viable produc
capable of serving as a chiller, peak shaver and emergency generator. g
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Appendix D

Photographs of the Unit



The first four pictures are an overall view of the unit. The covers are off the electrical
boxes to show the wiring and relaying within the panels.







View of power transformer and related protective relays panel.
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View of Controls panel and annunciator board.

View of clutch housing and missing coupling between engine and synchronous
generator/motor (coupling added in February 2001 — picture not available)




Compressor end of skid with all associated piping connected

Side view of coupling between compressor and synchronous generator and associated
cluteh




Closer view of coupling and clutch housing
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Appendix E

Timeline of Events



Hybrid Chiller/Generator Project Timeline
January 2000 —

A kickoff meeting was held on January 21 at Alturdyne’s facility. The group decided that
Hallidyne Corporation’s proposal had two shortcomings: the high first cost of the
motor/generator and the maintenance/service required to replace the slip rings and brushes.
Three design concepts were proposed. The first was incorporating a synchronous generator and
induction generator in line with the engine and compressor. The drawback is the length of the
skid, the positive point is the low equipment costs. The second design involves using an
engine/induction motor/generator and compressor in series. This unit could not provide
emergency power generation. The last concept was an engine generator set with both a
synchronous and induction generator on one shafi. The benefits of this design include induction
generator “peak shaving”™ and emergency power generation at a reasonable price.

February 2000 —

Decision was made to proceed with a motor/generator capable of serving as the electric prime
mover for the compressor as well as the generator for emergency power needs. The decision not
to proceed with a variable speed, constant frequency design was based on costs.

Work was started to develop product specifications including engine and product layout. Initial
decision was to use a Cummins diesel derivative because a) the low-cost General Motors 7.4 liter
engine was being discontinued and the 8.1 liter was not yet available and b) the Caterpillar
engine Alturdyne used in the past was too expensive ($ 15,000).

Energy and economic analysis using DOE-2 was planned for March 2000 using the following
cases: a) baseline conventional cooling plant, b) hybrid cooling plant (gas cooling only), ¢)
hybrid cooling plant {(gas and electric cooling available),d) hybrid cooling plant (gas and electric
cooling and cogenerator available) and €) hybrid cooling plant with ice storage. The hybrid
cooling plant with cogen available was to be looked at using three different sizes of engine (100,
150 and 200 h.p.), three different sizes of motor/generator (75 and 112.5 kW) and a 100 ton
COIMpPIEssor.

April 2000 -

Meeting was held on April 12, 2000 attended by members of GRI, DOE, OnSite and Alturdyne.
One of the issues discussed was the prototype’s redesign to reduce the overall width. The
evaporator and condenser would be located under the engine. The decision was made to use a
Reuland Electric motor with double end shafts. The following technical issues were also decided
upon: a) a GM engine would be specified as the prime mover, b) a Carrier reciprocating
compressor would be specified, ¢) that the motor/generator would provide two functions (as an
induction motor and as a synchronous generator) and d) that the refrigerant to be used would be
R134-A.



By the end of April it was reported that cumulative net outlays were $ 34,945.02. The Federal
share was § 27,956.02 and GRI’s cost share was § 6.989.00

In a memo from Alturdyne to GRI, Alturdyne stated that they would build a synchronous motor
test stand “to prove the concept of using a synchronous generator as a motor’. The test stand was
to be constructed of two 12 kW generators with a coupling and was to be assembled in three to
four weeks.

May 2000 —

Alturdyne successfully located two sources to build the motor/generators: AVK (Germany) and
WEG Electric Motor (Brazil). The AVK unit was available at 208 VAC, the dual voltage unit
takes longer. Several motor/generator manufacturers were contacted by Alturdyne this month
including Marathon, Stamford Newage, AVK, WEG. Baylor and Lima.

Alturdyne hired a programmer for the system controls who starts work in June.

It was believed that the compressor would have to be enlarged to accommodate R134-A and the
8.1 GM engine.

A major goal for the month of June is the completion of the Bill of Materials. The long lead time
items such as the compressor, clutches, evaporator, condenser and engine need to be ordered.
The lead time for most of these items is six to eight weeks.

June 2000 —

All of the detail data on both the AVK and WEG motor/generators was obtained. The AVK unit
was scheduled to be delivered by October 15, 2000, The WEG unit was scheduled to be
delivered by August 30, 2000. The compressor, evaporator and condenser were ordered and had
a delivery date of September 18, 2000,

It was anticipated that the clutch, couplings and engine would be purchased in July.

Torsional analysis work which was scheduled for June was not completed, but was anticipated to
start next month.

Notes from AVK (“after a short time the machine, now operated as a synchronous motor, may be
mechanically loaded™) raises a concern about the AVK motor’s ability to start under load. There
is an implication that the motor must be started with no load on its shaft. However, for the motor
to go from asynchronous to synchronous operation, the motor has to over come 129 fi-lbof _
torque from the compressor. The pull-in torque of the AVK is 306 fi-1b. The pull-in torque of the
WEG is 287 ft-Ib.

July 2000 —



The clutches were ordered in July, but the engine was not. GRI had advised using the 7.4 liter
engine. Couplings were not ordered due to the lack of torsional data.

The controls programming were scheduled to be completed by Oct. 1, 2000. Although the
package design was not completed, the product specification was 90 % completed by the end of
July.

Alturdyne was given approval to hire an OnSite consultant for support on design, assistance on
engine issues, lesting and ETL certification.

The major components were identified. Engine — GM Vortec 8100 V8, factory equipped using
natural gas as fuel which can operate from 550 to 4,800 RPM. Motor/Generator — a AVK DSU
43 M1-4, which has a synchronous speed of 1,800 RPM, a generator output of 100 kVA and a
motor output of 100 h.p. Compressor — a Carrier/Carlyle model 5H126, 12 cylinder reciprocating
unit. Evaporator — an API/KETEMA model DXT-1610-82-2C. Condenser — an APVKETEMA
model AHX-1406B-2. Electric clutches — Wamner Electric model 1525-HT

August 2000 —

A review meeting was held on August 2, 2000 between GRI and Alturdyne. The agenda for the
meeting was as follows: a) major production design and delivery status (motor/generator, GM
8.1 liter gas engine, Carrier compressor, clutches, couplings, vessels and controls), b) minor
product/system design status (valves, piping, system design. torsional analysis), ¢) fabrication
schedule, d) development testing, e) ETL certification, ) pricing/costs, g) market and h)
discussion about the Omni Metals (an earlier prototype being tested) controls.

Cectober 2000 —

During October 2000, a large portion of time was spent receiving the various parts needed for
final construction of the skid at Alturdyne’s facility in San Diego, California. All components
were received with the exception of the synchronous generator/motor being shipped from AVK
in Germany. This component was expected to arrive in November 2000. The controller is
supposed to be ready by December 2000.

Gard Analytics’ market report 1s expected to be ready by December 2000,

On October 10, a production schedule was supplied by Alturdyne to GRI. The schedule listed
that the clutch would be completed by Nov. 13, the engine would be delivered by Nov. 6, the
WEG motor/generator would be delivered by Nov. 10 and that the entire assembly would be
completed and ready for testing by ETL by Dec. 18, 2000.

November 2000 —

The month of November saw a lot of progress and a few setbacks. The synchronous
generator/motor from AVK arrived as expected. Alturdyne began constructing the final skid
assembly. The evaporator and condenser were mounted into the body of the skid, but that was



the extent of the progress. The skid assembly was expected to be 90 % completed by the end of
the month, but delays in parts delivery as well as assembly problems with the skid lowered the
completion level to approximately 70 %.

The GTI Project Manager associated with this project, Mr. Gary Nowakowski, resigned from the
company at the end of November. Mr. Todd Kollross has assumed responsibility for this project.

December 20000 —

During this month, much progress was made on the completion of the first phase of this project.
All of the needed components were delivered to Alturdyne prior to December 1, 2000. The
construction of the skid assembly remained the main focus of the project.

A status meeting was held on December 6, 2000 at Alturdyne’s headquarters in San Diego,
California. The main purpose of this meeting was to assess the progress on the construction of
the Hybrid Gas/Electric Chiller and Emergency Generator project. It was determined that
construction of the skid was approximately 85 % completed. The structural steel enveloping the
evaporator and condenser had been welded in place and was awaiting final paint. The major
rotating components (compressor, motor and engine) of the system had been installed.

95 % of the controls were completed and was ready for direct wiring onto the skid.

Tasks which needed to be completed in January included: finishing clutch housing construction,
installation of clutches, final wiring, functional testing, painting, shakedown runs of engine,
uncoupled motor runs, final piping installation and pressure check of refrigerant.

January 2007 —

A status meeting was held on January 23 at Alturdyne’s headquarters in San Diego. The meeting
concentrated on the construction progress made on the hybrid unit since last month. The
shakedown runs were delayed due to the late arrival of the coupling connecting the synchronous
generator and the engine. The coupling was received and installed by January 29. Phase 1 is
scheduled to be completed by March 31, 2001.

Functional testing was also concentrated upon this month. After discussing the feasibility and
available time frames with Intertek (formerly ETL in Courtland, NY), it was determined that
many of the functional tests will be performed at Alturdyne’s manufacturing facility in San
Diego. Intertek was unable to test the unit at their Courtland, NY facility until July 2001, due to a
large backlog of work. Intertek was interested and actually preferred to perform the final
functional tests of the entire assembly at the installation station. The onsite testing they perform
would include the Standard Chiller Safety and Performance test in accordance with ARI
Standard 550.

Testing at Alturdyne was scheduled to begin the week of February 12, 2001 and to be completed
by March 9, 2001.



Skid wiring was completed as was piping and refrigerant pressure tests.

The budget amount spent to date is $ 360,019.08. This amount includes GTI labor as well as all
subcontracted support.

February 2001 —

The month of February was spent testing the unit at Alturdyne’s facilities in San Diego and
preparing the Phase 1 Report. Uncoupled motor runs took place on Feb. 6. As of the end of
February, 100 % of the Phase 1 budget had been spent. Although cost overruns are expected,
GTI will incur these overruns.

Mearch 2001 -

During the month of March, the unit was tested by Alturdyne. Since it was not possible to load
the chillers during these tests, chiller testing (involving loading) will occur during the field tests.

In addition to the factory performance testing, the Phase One Final Report was written.
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PROCEDURE
1.0 SCOPE

This procedure describes the steps necessary to factory test an assembled hybrid chiller. The
procedure is written for a WW (watercooled condenser, water chilling evaporator) packaged unit.
It is also applicable to AW, EW or AA units.

The procedure is applicable to units using R-134 as a refrigerant and Alturdyne Microprocessor
controls.
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2.0 EQUIPMENT AND SUPPLIES

a, Certified oxygen-free gaseous nitrogen in pressure botile

b. Inert gas pressure regulator with botile and outlet gages

c, Vacuum gage with 0-29.99 in Hg range and 0.5 in Hg accuracy

d, \acuum pump capable of 25 microns or better ultimate vacuum, and 3 ¢fm minimum air

displacement (5 cim preferred)

e Wacuum pump oil

f. Manometer capable of resolving 6-8 inches of water with an accuracy of .2 inches of
water

g. Refrigeration gages with four valve manifold and hoses

h. Thermocouple thermometer capable of 1°F accuracy at 40°F

i. Digital multimeter with frequency counter (separate tachometer OK) with Probes.

1. Heavy-duty, low silicate, ethylene glycol-based antifreeze. See Table | in Appendix B for
guantities.
k. Supplemental coolant additive and test kit Caterpillar NALCO 3000 suggested.

I Distilled or de-ionized water. Quantity equal to antifresze.

m. Natural Gas Engine Qil (SAE 40). Engine is shipped filled with oil. Provide enough to fill
30 or 55 gallon reservoir included with chiller. Specification is TBN 4-5, sulfated ash less
than 0.49%. Recommend Caterpillar NGO or Maobil Pegasus 80.

n. Refrigeration oil suitable for R-22 service

0. Tools to measure alignment of engine and compressor, and correct as necessary
. Shims for re-alignment of engine and compressor

q. Load Bank.

r. Commercial Power source to Match Motor Voltage.

3.0 PROCEDURE
3.1 RECORD PRODUCT DATA
Record data in Section 1 of Appendix E

32 STATIC TEST
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3.2.1 GENERATOR STATIC TEST

3211 Set contrels to Digital Inputs.

3212 Connect Terminal #1 and Terminal #2 and verify that the controller carrectly reads inputs.
Terminal #1 Terminal #2
Chilled Water Freeze TB103-1 TB103-2
Chilled Water Flow TB103-3 TBE103-2
High Coolant Temp S307-WK GHND
Over Voitage MT101-17 MT101-18
Under Voltage MT101-18 MT101-20
Over Current MT101-24 MT101-25
3213 Drain Coolant and verify that the controller correctly reads inputs.
3214 Trigger Low oil level and verify that the controller correctly reads inputs.
3:2.1.5 Disconnect Magnetic Pickup and verify that the controller correctly reads inputs.

32186 Set Generator Magnetic Pickup frequency to 441 Hz and verify 82% Input.

32A.7 Set Generator Magnetic Pickup frequency to 480 Hz and verify 100% input.
3.2.1.8 Connect frequency generator to Engine Magnetic Pickup input and set to 50 Hz.
32.1.8 Connect frequency generator to Generator Magnetic Pickup input and setto 5 Hz
3.2.1.10  Disable fuel solenoid and Engine starter.

3241 Crank Engine in MAN/GEN.

3.2.1.12  Verify and record the time of the three crank cycles and 2 wait cycles.

32113  Verify Over crank.

32114 Set Engine Magnetic Pickup frequency to 5040 Hz and Gen Magnetic Pickup frequency to
480 Hz.

3.2.1.15 Crank Engine in MAN/GEN and verify Low Oil Pressure.
3.2.1.16 Reset Engine Alarm timer to 30 sec.

32117 Increase Engine Magnetic Pickup frequency to 5330 Hz, crank engine and verify QOver Speed
and Over speed warning.

3.2.1.15  Set Engine Magnetic Pickup frequency to 5465 Hz, crank engine and verify Critical Over
Speed.
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3.2.1.16

3217
3.2.1.18
S.2:1.18

3.2.1.20

32121
32122
32123
3.2.1.24
3.2125
3.22
3.2.21

3222

3223
3.2.24

32325

32286

3227

3.2.2.8

2229

32210

Reset Engine Magnetic Pickup frequency to 5040 Hz, crank engine, ground High Coolant

Temp and verify High Coolant Temp shutdown,

Crank engine, push Emergency Stop and verify Emergency Stop.
Crank engine, lower coolant level and verify Low Coolant Level shutdown.
Crank engine, trip oil level switch and verify Low Qil Leve! shutdown.

Decrease Engine Magnetic Pickup to 4760 Hz, crank engine and uérify Engine Under speed

and Under speed warning.

Crank engine and verify that the engine clutch is engaged.

Crank engine, short high voltage input and verify High Voltage shutdown.
Crank engine, short low voltage input and verify Low Voltage shutdown,
Crank engine, short high current input and verify High Current shutdown.

Crank engine, reduce generator speed to below 95% and verify Engine Clutch engage failure.

GAS CHILLER STATIC TEST

\erify Chilled water, Condessor water, and Compressor Temperatures.

Connect three pressure regulators to dry nitrogen bottle and connect to suction pressure,
discharge pressure, and compressor oil pressure.

Set Suction pressure to 65 psi.

Set Discharge pressure to 100 psi.

Set Compressor Qil pressure to 80 psi.

Set Engine Magnetic Pickup frequency to 5040 Hz, crank engine in GAS/MAN, shart Chilled
Water Freeze switch and verify Chilled Water Freeze shutdown.

Crank engine in GAS/MAN, short Chilled Water No-Flow and verify Chilled Water No-Flow
shutdown.

Crank engine in GAS/MAN, set Suction Pressure to 54 psi and verify Low Suction Pressure
shutdown.

Crank engine in GASIMAN, set Discharge pressure to 276 psi and verify High Discharge
pressure shutdown.

Crank engine in GAS/MAN, set Compressor Qil pressure to 10 psi above suction pressure
and verify Low Compressor Qil pressure shutdown.
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3.3.107

3.3.10.8

2.3.10.8

3.3.10.10

331011

*3.3.10.12

3.3.10.13
3.2.10.14

3.3.10.15

3.2.10.16

3.3.10.97

Verify that the pressure has dropped below 002 inches of mercury (50 microns)

absolute. Shut the vacuum pump valve, turn off the pump. Backseat the compressor
infet and discharge valves.

Check the moisture and liquid indicator({s). It should be green, indicating no moisture in
the system. |f it indicates yellow for moisture present, note this for possible replacement.

Connect the nitrogen bottle to the access valve at the filter/drier and fill the system with
2-5 psig of dry nitrogen.

Recheck the moisture and liquid indicator({s). If it still indicates yellow for moisture
present, replace it and repeat the evacuation process from the beginning.

|zolate the filter/drier housing by manually clesing the sclencid valves and closing the King
valve (angle valve at outlet of condenser)

Open the access valve on the filter/drier, egualize the pressure, then unbolt the flange.
Check the flange gasket for damage and replace it if necessary (there is a fresh gasket in
the can with each filter/drier element). Install the elements and re-bolt the flange.

Open the access valve on the filter/drier, then manually open the solenoid valves and the
King valve to purge the filter drier.

A listing of the required filter/drier elements is provided in Appendix A, Table Il

Repeat 3,1.3.1 and 3.1.3.2.
Verify that all valves internal to the system are opened (see paragraph 3.1.3.3)

Verify that the vacuum pump is full of clean vacuum pump oil, open ballast valve, start
pump, and open access valve on filter/drier (close ballast valve at .04-.08 in of Hg).

Pump system down to .004 inches of mercury (100 microns) absclute pressure minimum.
Close access valve on filter/drier and valve on vacuum pump. Turm off vacuum pump.

T
Connect thiré cylinder to access valve at filter/drier. Open access valve, then "Liquid"
valve on R-Q% cylinder. Let vacuum draw R-’g\Q‘intﬂ system. When first cylinder is nla‘mpty.
change c:yl'fr"n ers and repaat until system is fUll or vacuum will draw no more liquid into the
system. Close botile and access valves, but leave attached during startup.

* Sometimes the solenoid valve will leak slightly, If so provide some makeup nitmgep through the
expansion valve reference line access valve(s) so there will be enough nitrogen left in the system to purge
the filter/drier. Only about a 2 psig residual pressure is necessary.

34 PRELIMINARY TESTING
Record following steps in section IV

3.4.1 Connect power to Water Jacket Heater (If so equiped).
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342 Connect power to Engine Qil Heater (If so equiped),
343 Connect power to Battery Heater (If so equiped).
344 SetEngine and Generator magnetic pickup. (Bottom out on tooth and back out % turn).
345 Measure Cantrol current draw.
3.46 Measure Field resistance.
3.5 INITIAL ENGINE START_UP
Record following steps in Section V
3,51 Disable voltage regulator.
352 Open all AC Breakers.
353 Disable Fuel
3.5.4 Disable Engine Clutch.
355 Crank Engine in MAN/GEMN and verify Engine Oil Pressure.
3,568 Enable Fuel
3.5.7 Disconnect ILS Connection an Barber Coleman,
358 Crank Engine in MAN/GEN.
358 SetGovernorto 1100 RPM.
3.5.10 Shutdown engine.
3.5.11 Re-connnect ILS Connection on Barber Coleman.
3512 Start Engine in MAN/GEN Mode.
3.5.13 BSet Governor to 1800 RPM.
3.514 Stop Engine.
3.5.15 Enable Engine Clutch.
36 GEMERATOR START-UP
Record following steps in Section VI
36.1 Start engine in MAN/GEN.
36.2 Record Residual Valtage.
363 Stopengine.
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M. Decrease Generator voltage to < 187 VAC and verify Under Voltage.
N. Increase Compressaor Oil Pressure to 0-5 psi above suction pressure and verify Comp

Clutch Dis-engage fail.

3.82 Start Chiller in MAN/GAS with coupling disconnecied.
A, Lower pressure at suction prassure transducer to < 45 Psi and verify Low Suction Pressure.
B. Connect Dry nitrogen bottle to Discharge Pressure Transducer. Set pressure regulator to =
275 Psi and verify High Discharge Pressure.
C. Bleed Pressure from Compressor Oil Pressure sender to > 5 and < 12 and verify Low
Compressor Oil Pressure.
D. Open Jumper on Chilled Water Flow Switch and verify Chilled Water No-Flow.
E. Bileed Pressure from Compressor Oil Pressure to 0-5 Psi and venfy Compressor Clutch
engage Fail.
38.3 Start Chiller in MAN/ELEC with coupling disconnected.
A Connect Ocsilator to engine magnetic pickup and set to 500 Hz and verify Engine Cluich
Dis-Engage Fail.

38 Minor Malfunctions Verification,

3.8.1 Start Generator in MAN/GEN and verify the following minor alarms. Reset Generator and restart
for next alarm.

A. Manually increase speed at Mixer to 1900 rpm and verify Over speed warning.

B. Manually decrease speed at Mixer to 1750 RPM and verify Under speed waming.

392 Start Chiller in MAN/GAS and verify the following minor alarms.

A, Decrease Suction Pressure to < Low Suction Pressure Warning level and verify Low
Suction Pressure Waming.

B. Set Discharge Pressure ta > High Disc'harge Pressure Warning Level and verify High
Discharge Pressure Waming.
C. Decrease Low Oil Pressure to < 20 Psi and verify Low Qil Pressure Warning.
310  Verfication ot Auto Start.
3.10.1 Set Controls to AUTO/OFF and Short Auto Start Contacts. Verify Generator Start.

31 Generator Cold Start. Start Generator after Unit has set for more than 10 Hours and record
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information in Section X,
312  Generator Heat Run,

3.12.1 Connect Load Bank to Generator Qutput.

3.12.2 Connect Instrumentation to Generator.

3.12.3 Start Unit and Let Warmup for 2 Minutes,

3.12.4 Apply 100% load to Generator.

3.12.5 Take data every 15 Min,

3126 Record Data in Section X1

313  Perform Hot Start Test and recard data in Section X1l

314  Perorm Transient Response Data and record data in Section XIV.

315  Perform Cool Down, Maximum Load Verification and record data in Section X\,
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APPENDIX A

TAELE|

Tk
Approximate RJZQ Load by Model
(Use "Nominal" Charge for Loading)

MINIMUM NOMINAL MAXIMUM

MODEL CHARGE CHARGE CHARGE
NUMBER (Ib) (Ib) (Ib)
WWO20 151 56.0 74.0
WWO5s0 23.0 50.0 119.4
WWOS0 38.3 155.0 204.8
WwW100 53.0 200.0 263.4
Wwi20 56.2 155.0 2547
WwWi150 71.6 255.0 334.5
*WW200 106.0 400.0 526.8
*WW240 112.4 350.0 509.4
*WW300 143.2 510.0 669.0

* Dual units, charge is divided equally between the two refrigerant loops.
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APPENDIX A

TAELE Il

Filter/Drier Elements by Model Number

MODEL QUANTITY SPORLAN PART NUMBER
AWO030/WWO030 1 RC-4864
AWO045/WWO050 2 RC-4864
AWO070/WWO80 4 RC-4864

WW100 4 : RC-4864
AW100/WW120 4 RC-10098

AW130/WW150 4 ' RC-10098
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APPENDIX B

TABLE |

Anti-Freeze Requirement by Model Number

ANTI-FREEZE
MODEL NUMBER (gallons)
wwo3o 1.0
WwWwo5s0 1.5
WWOB0 2.5
Ww1io0 2.5
Ww120 3.0
WW150 3.0
*WW200 5.0
*Ww240 6.0
*WW300 6.0

* Dual units, divide equally between two engines.
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APPENDIX B
TABLE I
Cooling Water Flows and Pressure Drops by Model Number
CONDENSER ENGINE Hx OIL COOLER
(85°F in/-95°F out) (85°F in/-95°F out) (85°F in/-95°F out)
MODEL . PRESS PRESS . PRESS
NUMBER FLOW DROP FLOW = DROP FLOW DROP
(gpm) :  (psi) (gpm) ©  (psi) (gpm) = (psi)
WW030 8 | 31 20 |09 < e
WW050 “s | 34 31 1 14 4 1w
WWO080 24 | 45 a5 1 14 = Bl
WW100 29%6 16 59 1.8 4 -
WW120 %5 18 68 I 21 - 5
WW150 a5, | 28 88 3.3 6 i w
*WW200 s88 | 16 118 1.8 g | .
*WW240 738 | 18 117 18 = =
*WW300 857 | 29 142 2.6 20 1

* Dual units, divide between two engine-compressar modules.
** Not currently available.
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APPENDIX B

TABLE Ill

Chilled Water Flow and Pressure Drop by Model Number

PRESSURE INLET OUTLET
MODEL FLOW DROP TEMP TEMP
NUMBER (gpm) (psi) | (°F) : (°F)
WW030 68 42 55 45
WWO050 114 2.5 55 45
WWO080 180 4.5 55 45
WW100 226 6.6 55 45
WWwW120 274 5.5 55 45
WW150 338 5.0 55 45
WW200 449 ] 55 45
WW240 554 j 4.4 55 45
WW300 682 46 55 45
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APPENDIX C

TABLE |

Frequency vs. RPM by Model Number

Engines: GM8E1

Models; WW100
RPM FREQUENCY
(Hz)
500 1400
700 1960
a0 2520
1050 2840
1080 2024
1100 3080
1120 3136
1150 3220
1200 3380
1300 2640
1400 3820
1500 4200
1600 4480
1700 4780
1750 4800
1780 4984
1800 5040
1820 5086
1850 5180
18900 5320
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APPENDIX C
TABLEII
E-134a Pressure vs. Temperature
Pressure, psi Temperature, | Pressure, psi Temperature,
F F
15 inHg 40 110 93
10 inHg -30 120 98
5 inHg -22 130 103
0 -15 140 107
5 -3 180 112
10 7 165 | 118
15 15 180 123
20 22 1895 129
25 29 210 134
30 35 225 139
35 40 240 143
40 45 255 | 148
45 50 270 152
50 54 285 156
55 58 300 160
60 62
65 B6
70 B9
75 73
B0 76
85 79
a0 82
95 85
100 B3
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APPENDIX D

TABLE |
Pressure Look-Up Table

psi in.of Hi0 In.ofHg mmof Hi0 mm of Hg [ psi mbar microns Pascals b/
0.1 2.768 0.2036 70.31 5.171 0.1 £.B95 3:172E+03 6.895E402 14.4
0.2 5.536 0.4072 140,62 10,342 0.2 13.79 1.034E+04 1.37/9E+03 28.8
0.3 B.304 0.6108 210.93 15.513 0.3 20,685 1L551E+04 2.069E+03 43.2
0.4 11.072 08144 281,24 20.684 0.4 27.58 2.069E+04 2.75BE+03 57.6
0.5 13.84 1.018 351.55 25.855 0.5 34.475 2.586E+04 3.44BE+03 72
0.6 16.608 1.2216 421,86 31.026 0.6 41.37 3.103E+04 4,137E+03 86.4
0.7 19.376 1.4252 492,17 36.1597 0.7 48,265 3.620E+D4 4.827E+03 100.8
0.8 22,194 1.6288 552.48 41,368 0.8 55.16 4.137E4-04 5.516E+03 115.2
0.8 24.912 1.B8324 632.79 46.53% 0.5 62.055 4,654E+04 6.206E4-03 1295
1 27.68 2.036 703.1 5171 1 668.95 5.A72E+04 6.B95E-+-03 144
2 55.36 4,072 1406.2 103.42 i 137.5 1.034E+05 1.379E+04 288
3 83.0a 6,108 2109.3 155.13 3 206.85 1.551E+05 2.0683E+04 432
4 110.72 B.144 2B12.4 206.84 4 275.8 2068E+05 2.758E+04 576
5 138.4 10.18 3515.5 258.55 5 344,75 2.5B6E+05 3.44BE+04 ]
& 166.08 12,216 4218.6 310.26 [ 413.7 3103E+05 4.137e+04 BEd
7 193.76 14,252 4921.7 361.97 7 482.85 3.620E+05 4. 827E+D4 1008
B 22144 16268 S624.8 413.68 B 551.6 4. 137E+05 5.516E+04 1152
g 249,12 18,324 6327.9 455,39 9 B20.55 4.654E+05 6.206E+04 1296
10 276.8 2035 T031 517.1 10 689.5 5.172E+05 6.695E-+04 1440
14.7 406.856 289252 10335.57 760,137 14.7 1013.565 7.602E4+05 1.014E+05 2116.8
15 415.2 30.54 10546.5 775,65 15 1034.25 7.757E+05 1.034E+05 2160
20 553.6 40,72 14062 1034.2 20 1379 1.034E+06 1.379E+05 2EED
25 692 0.9 17577.5 1292.75 25 1723.75 1.293E+06 1.724E4+05 3600
30 B830.4 61.08 21093 1551.3 30 2068.5 1.551E+06 2.069E+05 4320
40 1107.2 Bl.44 28124 2068.4 40 2758 2.058E+06 2.758BE+05 5760
50 1384 101.8 35155 2585.5 50 34475 2.5BRE+06 J448E+05 7200
100 2768 203.6 70310 5171 100 BESS 5.172E+06 6.595E+05 14400
150 4152 ans.4 105465 77568.5 150 103425 FI57E+0G 1.034E+086 21600
200 5536 407.2 140620 10342 200 13790 1.034E+07 1.379E+06 2B800
250 6920 509 175775 12927.5 250 17237.5 1.293E+0Q7 1.724E+06 36000
300 B304 610.B 210930 15513 300 206E5 1.551E+07 2.0659E406 43200
350 9688 8126 246085 18098.5 350 241325 1.B10E+07 2.413E+06 50400
400 11072 814.4 281240 20684 400 27580 2.069E+07 2.758E+06 57600
450 12456 916.2 316395 23269.5 450 310275 2.32TE4+O7 3.103E+06 64800
500 13B40 1018 351550 25855 500 34475 2.586E+07 3.44BE=06 72000
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AP ENDIX E

STATIC CHECK-OFF SHEET

Alarm

Input

Setting | Warning Setting

Gas
Chiller

Elec
Chiller

Gas
Chiller

Gen Elec

Chiller

Shutdown

Chilled Water
Freeze

Shas

Low Coolant
Level

AR

Chilled Water
Flow

N A

Low Engine Oil
Pressure

W

High Engine
Coolant Temp

VA

Over Voltage

N &

Under Voltage

A A '

Owver Current

Vo

Rl e fe]e]e

92% Motor
Speed

100% Maotor
Speed

Under Speed

1750
RPM
48925 Hz

1700
RPM
48925 Hz

A | AN

\

Over Speed

NN RN AN

1850
RPM
5176 Hz

1900
RPM
5321 Hz

A 1N

Critical Over
Speed

1250
RPM
5469 Hz

Emergency
Stop

Engine Clutch
Engage Fail

Engine Clutch
Dis-engage Fail

Low Suction
Pressure

High Discharge
Pressure

Low Comp Qil
Pressure
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Digital Setting Warming | Setting Shutdown
Inputs
Gen | Gas Elec Gen | Gas Elec
Chiller Chiller Chiller Chiller
Comp Clutch
Engage Fail
Comp Clutch
Dis-engage Fail
Motor Over
Current
Low Comp Oil
 Temp |
CRANK CYCLES
| Crank | Wait
1 | Vv |sec |1 W, Sec
2 { - Sec 2 [ Sec
3 {TL Sec
ANALOG INPUTS
Input
Chilled Water Inlet Temp o % Deg F
Chilled Water Outlet Temp 53 DegF |
Suction Temp z% DegF
Discharge Temp s Deg F
Condenser Water Inlet Temp e Deg F
Condenser Water Qutlet Temp % Deg F
Compressor Oil Sump Temp (o Deg F
Chilled Water Flow A | GPM
Suction Pressure = | Psi
Discharge Pressure | Psi
Compressor Oil Pressure 2= O |Psi
Kilowatt —17 KW
Oil Pressure - Psi
Water Temperature QL DegF
Generator Speed (] RFPM
Engine Speed =) RPM
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APPENDIX F

SATEC PM290 SETUP PROCEDURE

Power Satec Module with drop cord to terminal 13 and terminal 14.

2. Press SELECT key to put it in Definition Mode.
3 Use the URP/DOWN ARROW keys to select CnF and set 4L-n.
VOLTAGE CURRENT POWER APPARENT
FACTCR . POWER
| | 4 | 17 | | 10 | |
VOLTAGE CURRENT ACTIVE FREQUENC
FOWER ¥
2 | CnF | 5 | |8 [4Ln | 11 | |
VOLTAGE CURRENT CONSUMPT
ION
3 | |6 | |9 | i
4. Select PL. And set 1.0
VOLTAGE CURRENT POWER APPARENT
FACTOR POWER
1 | 4 | |7 | | 10 | ]
VOLTAGE CURRENT ACTIVE FREQUENC
POWER Y
2 | Pt |5 | |8 |1.0 li44 ] |
VOLTAGE CURRENT CONSUMPT
ION
3 | |6 | e [ |
5. Select Ct. And set 300.
VOLTAGE CURRENT POWER APPARENT
FACTOR POWER
Ul |4 | d7r L |10 [ |
VOLTAGE CURRENT ACTIVE FREQUENC
POWER Y
2 |ct |5 | |8 |300 |11 | |
VOLTAGE CURRENT CONSUMPT
ION
3 | |6 | [o | |
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6. To choose set points, follow the RELAY ENTER sequence below.

7. Cnce in the Definition Mode, scroll to the desired relay by using the UP/DOWRN Arrow keys.

When the dewired relay is reached, the relay number will be displayed in Window 2. At the stage,
the relay number will be followed by a decimal point.

B Press the SELECT key again so that the decimal point fallowing the refay number disapears, 'On'
will appear in Window 5. The High Voltage set point value (or dots) will remain and all other
values will disapear. This will allow the user to change or set High Voliage ON relay value.

9. Set High Voltage at 229 on relay #1.

10.

High Valtage High Current Low Power High Apparent
Faclor Power
1 [ 229 | 4 | |7 | | 10 | |
High High Unbalancad
Accumulated Current
Max Demand
% 114 | 5 | ON |8 | 111 | [
Low Vallage Pulsing/ High
reacitve Pawar
3 | |6 | |2 | |
Set Low Voltage at 187 on relay #2.
High Valtage High Current Low Power High Apparent
Faclor Fawear
1 |4 | |7 | | 10 | |
High High Unbalanced
Accumulated Current
Mzx Damand
< BN [ | s [ ON |8 | N ] |
Low Voltage Pulsing/ High
reacitve Power
3 [187 | 6 | s [ |

Set High Current at 300 amps on relay #4.

High Vaoltage High Current Low Power High Apparent
] Factor Power
4] | 4 | 300 17 1 | 10 | |
High High Unbalanced
Accumulated Current
Max Demand
2 [4 |5 [oN | il | ]
Low Voltage Pulsing! High
reacitve Power
3 | |6 | |9 | I
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1 Set Analog Cutput Channel. Use Select to enter configuration mode. Use Up/Dawn Arrows to

get an A in window 2 which represents the Analog Output Parameter. Press the Select Bution to
make the decimal after the A disappear. Use arrow keys to get blinking Dots in box 8. Use select
keytogetaOin box 8. Press Energy Reset to enter parameter.

High Voltage High Cumrent Low Power High Apparent
Factor Power
% ] | 4 | |7 | | 10 | |
High High Unbalanced
Accumulated Current
Max Demand
2 A | 5 | 8 |o | 11 | |
Low Voltege Putsing/ High
reacitve Pawer
3 | |6 | |9 | |




APPENDIX G

DATA SHEET - TEST REQUIREMENTS

NATURAL GAS ENGINE/GENERATOR SET

PACKAGE DATA
(PROJECT ENGINEER)
SERIAL (JOB) No.: A LMJZ.. AC/DC SCHEMATIC: 2lze
CUSTOMER: _f:f'r 1 AC/DC WIRING DIAGRAM: 21 225
CUST. JOBSITE: REMOTE ANNUNCIATOR PANEL: . I

CONTRACT (PO) No:

PROJECT ENGINEER: D Aave (eCesd

GENERATOR RATING

MODEL NUMBER:
vac 2o 266 xw_71%5 PHASE_ = AMPS_ 2 O8

pE . o CONFIGURATION. Tlo Hz bodr xva AY

CONTROL VOLTAGE__ 2 i vDC SYSTEM LOGIC___ 2{ 2 WIRE LOGIC
__ IR2WIRELOGIC

VAC Ilﬂf oy we loo PHASE ™ AMpS. 280

COMPRESSOR RATING
TONAGE |oo REFRIGERENT [213YA

TEST REQUIREMENTS

5% (50 ww _\ pr DL amps 125 HOURS (25 NOM)

s0% 21D kw L pr IO amps_<ZS _ HOURS (25 NOM)

759 625w _ L pp 156  amps_c 29 HOURs (25 NOM)

00% 15 ww ' pr 208  amps . LS HOURS (25 NOM)

0% - AN gw PF AMPS _____ HOURS (1.0 NOM)
OTHER __AJ xw PF AMPS_______ HOURS

USING CHART RECORDER: RECORD TRANSIENT VOLTAGE AND FREQUENCY RESPONSES FOR EACH
LOAD CHANGE REFLECTED, AND FOR DURATION OF HEAT RUN.

Created on 03/13/01 4:37 PM



APPENDIX G

DATA SHEET - TEST REQUIREMENTS

NATURAL GAS ENGINE/GENERATOR SET

PACKAGE DATA
(PROJECT ENGINEER})

SERIAL (JOB) No.: 24067 _ ACDCSCHEMATIC: 2 (52Y
CUSTOMER: AC/DC WIRING DIAGRAM: . | 325
CUST. JOBSITE: REMOTE ANNUNCIATOR PANEL: v »ﬁc

CONTRACT (PO) No:

PROJECT ENGINEER: | Zﬁl.hg Le Qﬁ;:},

GENERATOR RATING

MODEL NUMBER:

vac \Z0[z0% xw_7%  pHAsE_ 3 amps 208

PF LD coNFIGURATION. . W Hz (oD kva 94

conTrROL voLTAGE &Y vpe SYSTEM LOGIC_ &< 2 WIRE LOGIC

12 WIRE LOGIC
MOTOR RATING
vac 120/ 704  wp_100 PHASE_2 amps_Z 86
COMPRESSOR RATING
TONAGE [O® REFRIGERENT [C[2 YA
TEST REQUIREMENTS

5% kW PF AMPS __ HOURS (.25 NOM)
s0% kW PF _ AMPS ____ HOURS (.25 NOM)
1% KW PF AMPS ____ HOURS (25 NOM)
o 22w I pp 205  amps__ [ HOURS (25 NOM)
0% kW PF AMPS ____ HOURS (1.0 NOM)

OTHER kW PE AMPS _____ HOURS

USING CHART RECORDER: RECORD TRANSIENT VOLTAGE AND FREQUENCY RESPONSES FOR EACH
LOAD CHANGE REFLECTED, AND FOR DURATION OF HEAT RUN.

Created on 03/28/01 3:538 PM



SPECIAL MNSTRUCTIONS

1. WITNESS TEST REQUIRED: YES

I=J

3. SPECIAL INSTRUCTIONS:

B.

9

E:

G.

L

M.

EQUIPMENT ACCESSORIES: A. WATER JACKET HEATER:

OIL HEATER:

REMOTE PANEL:
BATTERY CHARGER:
AUXILIARY LOAD BANK:
SHUNT TRIP;

AIR BOX SHUTDOWN:

[ Do L L

PROJECT ENGINEER

3]// 7001

DATE RELEASED

Created on 03/28/01 3:58 PM

DATE_____  NO
YES_ ___ NO_¥
YES no_ X
YES NOo_o<
YEsS_ 8 = NO
YES No_ X
YES No_ =N
YES NO
YES NO
YES NO
YES NO
YES NO

(TECH)

(TECH)

(TECH)

(TECH)

(TECH)

(TECH)

(TECH)

(TECH)

(TECH)

(TECH)



SECTION |

DA D

PRODUCT DATA

fele

DAL

TEST TECH QA STAMP/INITIAL
NAME
MFG MODEL SN

ENGINE AN AR T O7H) 1L o0
GENERATOR | Auie DSU 4 ) -4 | 422999 ACD
COMPRESSOR CADQ\EN 5126 =594 1200 Tea |10
GOVERNOR ACTUATOR |  Anmel-(olemal DY I0S02 -2Y 20U YD L
GOVERNOR

CONTROLLER Lageer Lolembs D)L -10754-24] Bol F385

BATTERY CHARGER e le 2 b2 ~-C 1249 pEE RootlScocH ER
REGULATOR AV le foSimam U B ODIYDEY -6l
PF CONTROLLER huie £O% Bopp el Dy -OML
CONTROL BOARD Pritord e ZnSZ2-RA 2051

ANALOG BOARD | A A g Z\z24-) Pty 2=\

ANALOG BOARD 2 A Ko rdgae VEEA =T poZ-2L
EVAPORATOR " Kedanea Sl blo-ST3p 0 oo 42o-l0)
CONDENSOR e Ao \Hot 2.2 UDD197a -2
ENGINE HEAT

EXCHANGER \4 &-\-fmg. MBRT-2-A m 11 L CD 1 (N23460
TRANSFORMER LS en 2o P - [P %SR |

NOTE: SHOULD ANY COMPONENT FAIL DURING TESTING PROCEDURE, RECORD INITIAL AND
FINAL SERIAL NUMBERS BELOW:

ITEM DESCRIPTION

COMPONENT FAILURE/REPLACEMENT LOG

SN

HOURS

REMARKS

A
fa]

|

2

Created on 03/13/01 4:37 PM



SECTION O

STATIC TEST

THE CONTROL BOX, REMOTE BOX, ENGINE HARNESS, AND ALL OTHER ELECTRICAL
SUBASSEMBLIES WERE STATIC CHECKED BY:

Djp— 22—
TECH DATE TESTED

IBrO-2+6-B19 JNAOMENLTIH B/O:TT TO SO JBW



SECTION IIT

ENGINE TEST CELL PREPARATION/INTERCONNECTION

INSTALL LABELED TIE WRAPS ON SWITCHES
(LOF, PLOP, HWT, PHWT)

i

COOLANT (50/50 GLYCOL): GALLONS ;

=

LUBE OIL: QUARTS 9
APl SPEC

WEIGHT /e bo

CONT BATTERY (%\ SIZE):  VDC Z4
ENGINE BATTERY (3 SIZE} VDC | T
FUEL LINES:

BATTERY CHARGER:
CONNECT TEST CELL OIL PRESSURE GAUGE:
CONMECT EXHAUST SYSTEM: END PRODUCT EQUIPFED

TEST CELL TEMPORARY

GENERATOR TEST CELL PREPARATION / INTERCONNECTION

CONNECT TEST CELL LOAD BANK.
CONNECT STRIP RECORDER:

CONWNNECT THERMOCOUPLES: OIL

(THESE ARE MINIMUM

REQUIRED READINGS) WATER
ALT AIR IN
ALT AIR OUT
AMBIENT

MOTQR TEST CELL PREPARATION / [NTERCONNECTION

CONNECT COMMERCIAL POWER SOURCE:

CONNECT STRIP RECORDER:

Created on 03/28/01 3:58 PM

TECH N

TECH__(AC [+
TECH_ P4~
TECH

TECH @i o
TECH_PAS
TECH_ [PA—
tEcH_ DAL
TECH__ £ #4 &
TECH LA ©

TECH__ N/ A

TECH (AT

TECH pEﬁ S
TECH__Piv—
TECH_(DAT
TECH_ 1P 4L
TECH DAY
TECH EQﬂ”k _

tecH AT

TECH Q"ﬂ“'-'
teECcH DAL



SECTION IV

ENGINE PRELIMINARY TESTING

1. CONNECT 208/120 VAC TD WATER JACKET HEATER: AMPS TECH f_‘@ f\
MODEL SN THEEMOSTAT SETTING %

7, WATER HEATER ENG. RUN CUT-QUT CIRCULT: TECH | &

3. WATER HEATER ELAPSED TIME: HRS TECH_ V. <
FOR THERMOSTAT TO TURN OFF.

4. WATER HEATER OVERNIGHT TEST: ___>70°F TECH [N/ A

5. CONNECT 120 VAC TO OIL HEATER: AMPS TECH ra'r
MODEL SN THERMOSTAT SETTING °F

6. CONNECT 120 VAC TO BATTERY HEATER: AMPS TECH M )
MODEL SN THERMOSTAT SETTING °F

7. ENSURE PROPER ASSEMBLY OF MAGNETIC PICK-UP (BOTTOM ON TECH._{ Eﬁ’u
TOOTH/BACK 1/4 TURN .010").

8. CONTROL CURRENT DRAW | AMPS TECH i 3"’/')"‘;

GENERATOR PRELIMINARY TESTING
1. MEASURE FIELD RESISTANCE (25 TD 50 OHMS) oums 4] 4] TE:::H_]QAL
7 ENSURE PROPER ASSEMBLY OF MAGNETIC PICK-UP (BOTTOM ON TECH__Q_&L_

TOOTH/BACK 1/4 TURN .010").

COMPRESSOR PRELIMINARY TESTING

MOTOR PRELIMINARY TESTING

Created on 03/28/01 3:58 PM . a



SECTION Y

INITIAL START-UP VERIFICATION

. DISABLE VOLTAGE REGULATQOR

I

Lad

ENSURE ALL AC CIRCUIT BREAKERS ARE OFEM.

PLACE SELECTOR SWITCH IN "MANUAL": CRANK ENGINE:

PRIME/BLEED FUEL SYSTEM:
SET GOVERNOR:
RECORD NO LOAD HERTZ: Hz (=

{ISOC =60Hz - DROOP =
62.2 Hz)

4. ALLOW ENGINE TO RUN AT RATED SPEED FOR. 5 MINUTES

5. RECORD YOUR METER READING: (>0 HOURS

Created on 03/28/01 3:58 PM

TECH z 2,&*—#
TECH 12;&&
TECH_ )4

tecH [JAT
TEcr_ DAT
Tecu. D T

TECH_ DXL
TECH Qf‘tb



SECTION V1

AC SET-UP

. MEASURE AND RECORD RESIDUAL VOLTAGE ON EACH PHASE TO VERIFY PROPER VOLTAGES ARE
PRESENT:

(SHOULD BE IN RANGE OF 10 VAC AND 50 VAC).

@ VAC:_. TECH__ [PAC

20 VAC: ! ) TECH__ (AL

3o VAC, - TECH 27T
2. ENABLE VOLTAGE REGULATOR: TECH AL

-

3. SET REMOTE (10 TURN) VOLTAGE ADJUST POT TO MID-SCALE POSITION, ADIUST VOLTAGE TO
NOMINAL V1A REGULATOR:

RECORD NOMINAL VOLTAGE 2 vac TECH_DAL

LOW ADJUSTMENT REMOTE POT |55 vac TECH A~
HIGH ADJUSTMENT REMOTE POT 231 vac TECH_ PA<
CALCULATE AND RECORD MAX % ADJUSTMENT i TECH_ £ &L

Created on 03/28/01 3:58 PM



SECTION VI

1. Static test motar starter conirols

MOTOR START TEST

TECH ; &

1. Connect Chart Recorder to Generator Speed Signal at TB105-1,2 and Put 300:5 CT on phase A of Commercial power

feed and connect to Chart Recorder.

L=

LIS ]

4. Record Motor running Voltage, Current, P.F., KW, KVA, FREQ

L.

1=

L
'

Record Time to start and Maximum Current at 60% and 100%

VOLTAGE
CURRENT
KILOWATT
KILOVOLTAMP
POWER FACTOR

FREQUENCY

Created on 03/28/01 3:58 PM

Start Motor by shorting TB1-24 and TB1-25 and verify 480 Hz at Generator Magnetic Pickup

Current 60% Go»
Current 100% 150
Start Time e DS

212 yac

Tez=  AMP
& kw
1% gva

reen. BFT

TECH_=~*"
TECH &+

TECH/ 22+l

TECH £#4%
TECH_ (Z-=
TECH_ P&
TECH_ LA
TECH__ 2L



SECTION VIII

COMPOMENT SETTING VERIFICATION

I. ENTER APPROPRIATE DATA:
A. FLYWHEELTEETH _\b S

B. 100% SPEED SoY o Hz
C. CRANK DISCONNECT oG Hz

D. CRITICAL OVERSPEED Zctyo  Hz

SATEC ALARMS o sl
E. OVER VOLTAGE 2 vaAC
F. UNDER VOLTAGE L& wac
G. OVER CURRENT WA5Ho  AMP

H. LOW OIL PRESSURE (VDO)___ \\  Psl

. HIGH WATER TEMP 72215  DegF

—

_Z = % SPEED (20%)

[L7% %SPEED (120%)

Lo %NOM (115%)

So sNOM (85%)

12> o4NOM (125%)

J. LOW WATER LEVEL &G SEC DELAY

K..Z-WORLD COMPONET SETTINGS

TECH [ A

TECcH P AC

tecH PAe
TECH e
TECH o4«
TECH AL
TecH B4
TECH A

MALFUNCTION WARNING TECH SHUTDOWN [
ENGINE '
A | OVERSPEED 1900 DA L 1950 [l
B | LOW OIL PRESS 20 "nac 12 M
C | HIGH WATER TEMP 205 e 215 o
GENERATOR
D | UNDERSPEED 1750 (4 1700 i
MOTOR
E | MOTOR OVER CURRENT 300 foL L 325 £
COMPRESSOR
F | LOW SUCTION PRESSURE 28 28T 23 4
G | HIGH DISCHARGE PRESSURE 225 i 250 1
H | LOW COMP OIL PRESSURE 18 FadT 12
I | CHILL WATER FREEZE 37 [ 35 Jff
] LOW COMP OIL TEMP 90 A 80
K | ENGINE STALL 1000 | oA 900 7

Created on 03/28/01 3:58 PM



L. Z-WORLD TIMER SETTINGS

TIMER TIME UNITS TECH
A | ENGINE ALARM DELAY 10 SEC | Y=z
| B | COMPRESSOR ALARM DELAY 10 SEC s
C | ELECTRIC ALARM DELAY 14 SEC ) 47
D | GEN ALARM DELAY 14 SEC YA
E | PUMP DOWN TIMER 30 SEC Foa<
F | SUCTION START DELAY 30 SEC 2% e
G | GENFIELD FLASH 4 SEC AT
H | MOTOR GEN ACC DELAY 4 SEC 25
I MOTOR STEP DELAY 1.0 SEC LT~
M, CHILLER OPERATIONAL SETTINGS
SETPOINT UNITS TECH
A | CHILLED WATER SETPOINT 43 Deg F LA
B | CHILLED WATER START 55 Deg F ;
SETPOINT P4
C CHILLED WATER STOP SETPOINT | 45 Deg F s
D | PUMP DOWN PRESSURE L4 7 o Psl "oAT
E | SUCTION START PRESSURE 85 595 PSI LA

Created on 03/28/01 3:38 PM



SECTION VINI

MAJOR SAFETY SHUTDOWN/ALARM VERIFICATION

VERIFY AND RECORD ALL APPLICABLE MAJOR SAFETIES AND RELATED FUNCTIONS:

Table 3a.

Table &b,

MALFUNCTION PANEL VISUAL TECH
GENERATOR MAJOR ALARMS

A | OVERSPEED b Ao
B EMERGENCY STOP L DAt
C | OVERCRANK L~ AT
D | LOW OIL PRESS (VDO) | L A
E | LOW OIL PRESS (COMP) = AL
F | HIGH WATER TEMP (VDO) L~ 2 d
G | HIGH WATER TEMP (COMP) — i
H | LOW WATER LEVEL L Y
I MAG PICKUP LOSS i’ e
J ENGINE CLUTCH ENGAGE FAIL e ‘Nas
K | LOW OIL LEVEL — vl
L | CRITICAL OVERSPEED L Vi
M | UNDERSPEED o i1
N | OVER VOLTAGE C J A
O | UNDERVOLTAGE — DAT
P HIGH CURRENT e e
Q | COMP CLUTCH DIS-ENGAGE FAIL v P

|

| ELECTRIC CHILLER MAJOR

| ALARMS |
A | MOTOR OVER CURRENT
B | LOW SUCTION PRESSURE L~ e
C | HIGH DISCHARGE PRESSURE (- A9
D | LOW COMP OIL PRESSURE C— oM
E | CHILL WATER FREEZE [ =8
F | CHILL WATER NO FLOW e EH_
G | LOW COMP QIL TEMP = AT
H | COMP CLUTCH ENGAGE FAIL [ gAc

_Ehl E

1 gjﬁmE CLUTCH DIS-ENGAG e i<

Created on 03/28/01 3:38 PM



Table &c.

GAS CHILLER MAJOR ALARMS |

A | OVERSPEED s aC
B | EMERGENCY STOP - ey aa
C | OVERCRANK — O AT

D | LOW OIL PRESS (VDO) — A

E | LOW OIL PRESS (COMP) = G

F | HIGH WATER TEMP (VDQ) = T

G | HIGH WATER TEMP (COMP) L AT

H | LOW WATER LEVEL — LA

I MAG PICKUP LOSS w A

J ENGINE CLUTCH ENGAGE FAIL — AL —

K | LOW OIL LEVEL — g

L | CRITICAL OVERSPEED — 4T
M | LOW SUCTION PRESSURE — (o e~

N | HIGH DISCHARGE PRESSURE — LA |
O | LOW COMP OIL PRESSURE -~ ST

P CHILL WATER FREEZE . 4T

Q | CHILL WATER NO FLOW v pac

R | LOW COMP OIL TEMP o 2

g COMP CLUTCH ENGAGE FAIL - {5

T | ENGINE CLUTCH DIS-ENGAGE o

FAIL bre ]

U | ENGINE STALL o y 1Al

Cl. 1st CRK ) LSEC 1st WAIT/Z-SEC 2nd CRKI LSEC 2nd WAIT{LSEC 3rd CRK 1 LSEC ALARM

C2. CRANKING BAT VOLTS )L

Created on 03/28/01 3:58 PM

CRANKING BAT AMPS Zoo




SECTION IX

MINOR MALFUNCTIONS INDICATION/ALARM VERIFICATION

5. VERIFY AND RECORD ALL APPLICABLE MINOR ALARMS AND RELATED FUNCTIONS:

Table 9a,

| MINOR ALARMS PANEL VISUAL TECH

| GENERATOR |
A | PRE OVER SPEED [ L lede
B | PRE HIGH COOLANT TEMP — L
C | PRE LOW OIL PRESSURE = M
D | PRE UNDER SPEED o Bt

ELECTRIC CHILLER
E PRE-HIGH MOTOR CURRENT
F PRE-LOW SUCTION PRESSURE far Pyt
G | PRE-HIGH DISCHARGE PRESSURE = 2
H | PRE-LOW COMF OIL PRESSURE | £ £2T7
GAS CHILLER

1 PRE-LOW SUCTION PRESSURE = LT 0
] PRE-HIGH DISCHARGE PRESSURE — T
K PRE-LOW COMP OIL PRESSURE — Lt
L PRE-ENGINE-STALL o i
M | PRE HIGH COOLANT TEMP - = |
N | PRE LOW OIL PRESSURE - (2~
O | PRE UNDER SPEED e jvie

7. VERIFY AND RECORD ALL APPLICABLE CUSTOMER CONNECTIONS FOR:

A. AUTO START recn (4
B. ENGINE RUN TECH m
C. REMOTE EMERGENCY STOP recu_ AAA
D. OTHER . TECH

E. OTHER TECH

Created on 03/28/01 3:38 PM
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SECTION X

COLD START - FACTORY TEST

l. AFTER SET HAS BEEN AT REST FOR A MINIMUM OF 10 HOURS, THE SYSTEM SHALL BE ENERGIZED
AND THE FOLLOWING DATA RECORDED:
NOTE: ENGINE CONSIDERED COLD WHEN OIL TEMPERATURE IS WITHIN 20 °F OF CURRENT
AMBIENT).

A. THE TIME INTERVAL FROM ENERGIZING THE
STARTER MOTOR (STARTER ENGAGEMENT) TO

WHEN UNIT REACHES 100% SPEED AT NO LOAD: .5 SEC TECH 4
(15 SEC MAX) e
B. INCLUDE CHART OF COLD START (recorder set for transient response) TECH o
C. VIBRATION DATA LOADED (3MILS MAX)
UNLOADED (3 MILS MAX)

Created on 03/28/01 3:58 PM



SECTION X1

(%]

Lad

10.

HEAT RUN - FACTORY TEST

CONNECT, INSPECT, AND ADJUST (AS REQUIRED) APPROPRIATE
LOAD BANK:

CONMECT, [NSPECT, AND ADJUST (AS REQUIRED) APPROPRIATE
STRIP CHART RECORDER AND LOG FULL SCALE READINGS ON CHART:

. LIST CCN NUMBRS OF ALL TEST EQUIPMENT USED DURING TEST:

a) CHART RECORDER

b) MULTIMETER 2D

¢} AMP CLAMP S G

d) VIBRATION EQUIPMENT

e} SOUND METER

) OTHER

ENERGIZE UNIT STARTING SYSTEM AND ALLOW SET TO RUN ( NO
LOAD) FOR A MINIMUM OF TWO (2) MINUTES:

APPLY 100% OF UNIT RATED LOAD (1.0 PF OR AS STATED), CENTER
AND ADJUST STRIP CHART RECORDER FOR STABILITY PERFORMANCE
THROUGHOUT HEAT RUN:

RECORD STARTING HOUR METER READING: L ! ? HOURS

RECORD TEST CELL BAROMETER: 2. | mHg
RECORD TEST CELL HUMIDITY D) %

USING "FACTORY TEST LOG DATA SHEETS" TAKE TEST CELL
AND UNIT READINGS AS REQUIRED (NORMAL 15 MINUTE
TNCREMENTS/2 HOUR DURATION):

ALL FACTORY TEST LOG DATA ENTRIES MUST FALL WITHIN
THE ACCEPTABLE LIMITS OF INDIVIDUAL COMPONENT
SETTINGS (REF SECTION VIII):

.o

RECORD ENDING HOUR METER READING: HOURS

. REDUCE UNIT TO NO LOAD CONDITION AND ALLOW UNIT

A COOL DOWN CYCLE OF NOT LESS THAN TWO (2) MINUTES:

Created on 03/28/01 3:58 FM

TECH Dﬁt

—

TECH ;D fZ—

TecH.__ D AT

TECH DA’L“

TECH ﬂ AS
TECH (AT

TECH ;in L
wen PN

TECH )Q/J <




12, SHUT OFF STRIP CHART RECORDER, VERIFY AND RECORD MAXIMUM
EXCURSION FOR FULL 100% LOAD HEAT RUN:

17

A. FREQUENCY i HZ = % TECHL /T'Q
(= 1/4% MAX)

B. VOLTAGE O VAC O % TecH_ AW
(£ 2% MAX)

13. VERIFY AND RECORD METER AND GAUGE ACCURACY AT END OF TecH_ AT
HEAT RUN/100% LOAD:
TEST CELL CONTROL PANEL  PERCENT ACCURACY

AMMETER 207 il 1 (2% MAX)

VOLTMETER oL 26l (Y% %MAx)

FREQUENCY A8 5.0 b pumMax)

KILOWATT 75 BE! T e%MAX)

OIL PRESSURE &7 4y 3% (5% MAX)

WATER TEMP (5% MAX)

CONTROL VOLTS _ M4

CONTROL AMPS ilea

Created on G3/28/01 3:58 PM



SECTION XI11

HOT START - FACTORY TEST

A. AFTER SET HAS OPERATED AT FULL LOAD l e

SEC

FOR TWO (2) HOURS MINIMUM AND ALL (10 SEC MAXIMUM)
TEMPERATURES HAVE STABILIZED, THE

ENGIME SHALL BE SHUT DOWN AND RESTARTED.

THE TIME REQUIRED FROM ENERGIZING THE

STARTER MOTOR TO WHEN THE SET REACHES

100 PERCENT SPEED AT WO LOAD SHALL BE

RECORDED:

B. INCLUDE CHART OF HOTSTART (recorder setup for ransient response)

Created on 03/28/01 3:58 PM
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TECHIZ A
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JOB NUMBER, 2"{{3‘ L

ATTACHMENT | DATE
FACTORY TEST LOG
RECIPROCATING DIESEL
v 278 |34S Heo |g:15 Hizo
AMBIENT TEMP M| & [AS( Tl 153 £ [ 7t
OIL TEMP Zos |120 | 270 Z 9 172
WATER TEMP '203 03 2 763 |76 B
OIL PRESSURE % |44 | Y Y4 |44 |4 4
ALTERNATOR INLET AL A 1Y [, |92
ALTERNATOR OUTLET 2 i A i ")g 9}. Mk 3
LI-L2 VOLTS ok Jol-L 2ex{cL| 2016 | 2L
L2-13 VOLTS (1@ L1-N) 2%, | | Zato\ 2ol | 23| 24,2
L3-L1 VOLTS (1@ L2-N) %55 L055| 2B6| 1058|2058
aes L ~weo (A4 2% Pt |70 |70y
AMPS L2 R j 3 (221 (7221 |22 |23
AMPS L3 gf_b; U 4 2'027 207 |20l | Lot
KVA
KW 12175 15 | |7
PF :
iz A8 1415419 151¢ 15.9
CONTROL PANEL
WATER TEMP
OIL PRESSURE 4 199 |43 (<R} |92
LI-L2 VOLTS ,? pb | Aok Ale |20 Pob
L2-L3 VOLTS '_7,05 208 |\zoe 208 |2cs
L3-L1 VOLTS Z(?g 28 | JoF 2068 | 205
AMPS L-| [r‘fﬁ LC?OT H"‘} 199|199
AMPS L2 TZT] Zix (21 |21 (2
AMPS L-3 1a% lC?g EC{B ﬁ% 49
KVA ’.P) 14 4 | ™
b 22 i o
Cand Lu-d*'ﬂ"' Fis o | Al 41 47 ﬁg
Eﬂffﬁf{D YI:':IE =4 ) .‘EISC REP ANC‘J DGﬂ
Exh CoplerTn ﬁ\__ oL r“? ov Jov1® \
Created on DSHSIE?IJA:B'F PM e he |3¥ _l
ot . S




SECTION XIV

TRANSIENT RESPONSE PERFORMANCE DATA

. OPERATE SET AT 100% SPEED LONG ENOUGH TO STABILIZE VOLTAGE
AND FREQUENCY. TURN ON AND CENTER STRIP CHART AT NO LOAD.
LOG FULL SCALE READING ON CHART. APPLY 100% OF FULL RATED
OUTPUT IN ONE STEP (UNITY POWER FACTORY AND 0% GOVERNOR
DROOP). SHED AND REAPPLY TWO MORE TIMES, ALLOWING TIME FOR
THE TRACE TO STABILIZE AFTER EACH LOAD CHANGE.

2. APPLY 100% OF FULL RATED OUTPUT (UNITY PF AND 0% GOVERNOR
DROOP) IN 1/4 LOAD STEPS. (LE. INCREASING LOAD IN 1/4 LOAD STEFS
FROM 1/4 TO 1/2,3.4, FULL.)

SHED 100% OF FULL RATED OUTPUT (UNITY PF AND 0% GOVERNOR
DROGP) IN 1/4 LOAD STEPS. (LE. INCREASING LOAD N 1/4 LOAD STEFPS
FROM FULL TO 3/4, 172, 1/4.)

Ll

4. REPEAT 1/4 LOAD TRANSIENTS (2 AND 3 ABOVE) TWO (2) MORE TIMES.

5. APPLY 100% OF FULL RATED OUTPUT IN ONE STEP AND SHED. SHUT
UNIT DOWN USING MEANS OTHER THAN EMERGENCY STOP.

6. TURN OFF STRIP CHART RECORDER.

7. ANALYSIS

A. FREQUENCY REGULATION - TRANSIENT RESPONSE

TECH [ AL
TECH dj’w‘
wecu. AL
TECH (D AT
TECH e Vo [
TECH  /PAT-

MEASURE THE RESPONSE TIME IN MILLIMETERS FOR THE LAST FULL LOAD
TRANSIENT FROM THE POINT WHERE THE TRACE LEAVES A STEADY STATE
BAND TO THE POINT AT WHICH IT RETURNS TO, AND STAYS WITHIN, A BAND.
LABEL THE TRACE ON THE CHART AND RECORD BELOW THE VALUES NOTED:

VERIFY AND RECORD MAXIMUM TRANSIENT CRITERIA (NO LOAD/FULL LOAD)

FOR FREQUENCY RESPONSE:
RESPONSE TIME MAXIMUM DEPARTURE
FREQUENCY = SEC 5 Hz (6 Hz MAX)
(5 SEC MAX) (6 Hz MAX)

Created on 03/28/01 3:58 PM

TECH a,/f)rﬁrcﬂ




20

B. VOLTAGE REGULATION - TRANSIENT RESPONSE

MEASURE THE RESPONSE TIME IN MILLIMETERS FOR THE LAST FULL LOAD
TRANSIENT FROM THE POINT WHERE THE TRACE LEAVES THE STEADY STATE
BAND TO THE POINT AT WHICH IT RETURNS TO, AND STAYS WITHIN, THE
NEW STEADY STATE BAND. LABEL THE TRACE ON THE CHART AND RECORD
THE VALUES NOTED:

VERIFY AND RECORD MAXIMUM TRANSIENT CRITERIA (NO LOAD/FULL LOAD)
FOR VOLTAGE RESPONSE:

RESPONSE TIME MAXIMUM DEPARTURE
VOLTAGE .S SEC /D VAC TECH 4224
(2 SEC MAX) (20% VAC MAX)

NOTE: THE PROJECT ENGINEER AND/OR THE QUALITY MANAGER ARE TO BE PRESENT FOR THE
100% LOAD TRANSIENT TEST.

APPROVED/PASSED: Q,{_/
7 ,/é
TRANSIENT RESPONSE TEST: FoA

PROJECT ENGINEER/PRODUCTION MANAGER

Created on 03/28/01 3:58 PM
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SECTION XV

COOL DOWNMAXIMUM LOAD VERIFICATION

WITH UNIT AT 0% RATED LOAD, INCREASE LOAD GRADUALLY TO TECH ﬁﬁmﬁ
FOR MAXIMUM KILOWATT OUTPUT. RECORD SAME. MAXIMUM LOAD_ S«

DECREASE TO 0% RATED LOAD. ALLOW UNIT TO COOL PRIOR TO
SHUTDOWN.

PERFORM ALL POST RUN CHECKS AND ADJUSTMENTS (LE. BELTS, VALVE
ADJUSTMENTS, LEAKS).

DISCONNECT AND PREPARE UNIT FOR TEST CELL REMOVAL UPON FINAL
REVIEW BY TEST TECHNICIAN AND PROJECT MANAGER.

NOTE ANY KNOWN TEST OR EQUIPMENT FAILURES OR DISCREPANCIES
REQUIRING CORRECTIVE ACTION PRIOR TO SHIPMENT:

Created on 03/28/01 3:38 PM



SECTION XVIII

ACOUSTICAL DATA

EQUIPMENT POSITION

OCTIVE BAND FREQUENCY

DBA 33 63 125 250 S00 1K

4K

K

WO

A
FRONT i

)

LOADED
kW

NO
LEFT LOAD

SIDE
LOADED
(4,

WO
RIGHT LOAD

SIDE
LOADED
W

Tl
W |F

HO

REAR [LOAD

il

LOADED
[ 4,

[

5

“ )b

Created on 03/28/01 3:538 PM

FT (RECORD READING DISTANCE FROM UNIT)
FT (RECORD READING ELEVATION)

DBA (AMBIENT LEVEL)

TECH__ [V




[ L% ]
LY ]

ATTACHMENT | JOBNUMBER._ 2162 pisg. g 2= 0|
FACTORY TEST LOG
RECIPROCATING DIESEL
TIME 228 | 245 Se- |GES | 4
AMBIENT TEMP B O e O == |77
OIL TEMP Zoo | Zio | 120 | 204 | 22|
WATER TEMP 223 | oy | 223 | 2o | 253
OIL PRESSURE 5o el |y 1494 | 94
ALTERNATOR INLET i O i o o T M - e
ALTERNATOR OUTLET 72 | Fg |78 52 | 62
LI-L2 VOLTS Joil | 2okl | Zaq | Fed s [ Bodih
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Tl DATE |
OPER | DEPT | COPERATION TECH | DATE | INSP
NO. | NO. . o I
130 50 | PERFORM COLD START TEST FURSUANT TO SECTION X[ OF FACTORY DATA ;
TEST SHEET. ‘;g N EYasl
Ny WDoradres  Dpeac
140 5D | PERFORM HEAT RUN TEST PURSUANT TO SECTION 3 OF FACTORY DATA 1EST
SHEET, v ra 3. 73
150 20 | CONTACT PROJECT ENGINEER/PRODUCTION MANAGER/QA FOR HEAT RUN SIGN
OFF ON FACTORY DATA TEST SHEET. 0 M Boo
160 30 | PERFORM TRANSIENT RESPONSE TEST FURSUANT TO SECTION 31V OF FACTORY _
DATA TEST SHEET. Ph- 1230
50 | PEREORMHOT START TEST PFURSUANT TO SECTION XY OF FACTORY DATA 2
L TEST SHEET, ; An PiE 3B
0 PERFORM MAX. LOAD/COOL DOWN TEST FURSUANT TO SECTION XV OF
. 30 | FACTORY DATA TEST SHEET. Dhe |31z
190 30 | PERFORM SOUND READING, ENTER DATA SECTION XVL D~ B2z
200 50 | INSPECT UNIT FOR LEAKS, STRUCTURAL DAMAGE, EXCESSIVE VIBRATION OR >
ANY OTHER MATTER WHICH MAY APPEAR INCONSISTENT WITH TYFE OF DAC  [3-2
EQUIFMENT.
TNSURE ALL TEST DATA IS COMPLETE, THAT ALL COMPONENT FAILURES ARE
210 50| o ; £, AND RETESTED. DA 320
220 50 | FILL OUT DISCREPANCY SHEET AS NEEDED/TEST CELL LOG. A |12 26-0)
125 &0 CONTACT QA FOR INSPECTION 0 1 3 2 -Eh
RELEASE UNIT TO PRODUCTION WITH DISCREPANCY LIST IF REQUIRED FOR = ]
230 | 60 | oAl SHIPPING PREPARATION. DA [t
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REQUIRED COMPONENTS, ARTWDRK, DRAWINGS AND ACCESSORTES ARE Dﬂf..r Z-4L0(
AVAILABLE. MOTIFY PRODUCTION, PROJECT ENCOINEER OF ANY DEFICIENCIES
(INTTIAL SETUR).
20 50 | RECORD FRODUCT DATAIN SECTION1OF FACTORY TEST DATA SHEET
(PRODUCT DATA} Oz Bi20l
20 50| STATIC CHECK OR VERITY THAT ALL MAJOR ELECTRICAL SUB-ASSEMBLIES HAVE
Been STATIC TESTED BY DEPARTMENT 50 - ELECTRICAL. RECORD DATA o1 A4
M SECTION 1 OF FACTORY TEST DATA SHEET (STATIC TEST).
10 50 | FREPARE UNIT AND CONNECT TEST APPARATUS PURSUANT TO SECTION [ OF = g
FACTORY TEST DATA SHEET (TEST PREPARATION). Of |34
30 S0 | FERFORM TESTS AND RECORD APPROPRIATE DATA PURSUANT TO SECTION IV OF =
FACTORY TEST DATA SHEET (FEELIM TESTS). g Z. |2t
0 S) | PERFORM DNITIAL STARTUE PURSUANT TO SECTION VOF FACTORY TEST DATA
s SHEET (DNITIAL STARTUP). A=
0 | FERFORM AC SETUP FURSUANT 1O SECTION VI OF FACTORY TEST DATA SHEET
¥ 2 {AC SETUP). O*ﬂ C 3:-{"'4311
20 S0 | SETUF GOVERNOR PURSUANT TO SECTION VII OF FACTORY TEST DATA SHEET
GOVERNER-SETUT). :
% Mot Aot —TE ST DAl [SBe
90 50 | RECORD ALL APPLICABLE COMFPONENT SETTINGS PURSUANT 1O SECTION VI 0
OF PACTORY TEST DATA SHEET (COMPONENT SETTINGS). R
I, .
100 50 | VEREY AND RECORD ALL APFLICABLE SAFETIES AND RELATED FUNCTIONS ﬂ‘ 2
PURSUANT TO SECTION B OF FACTORY TEST DATA SHEET. (_ w\ &0 (N AGE) | 2v
Uk
— 50| VERIY AND RECORD ALL APPLICABLE MINOR MALFUNCTIONS AND RELATED At 2 210
FURNCTIONS PURSUANT TO SECTION X OF FACTORY TEST DATA SHEET (MINOR p <S-eb-0f B
ALARM VERIFICATION),
120 50 FERFORM VIBRATION TEST, ENIER RESULTS SECTION XV. 4‘%
| ]
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1 Introduction

The work described in this report was performed for GRI in support of their contract with the
USDOE National Energy Technology Laboratory (NETL) to develop an innovative hybrid
gas/electric chiller/cogenerator. The chiller/cogenerator concept combines a gas engine,
motor/generator and cooling compressor mounted on a single platform to provide either gas
powered cooling and simultaneous electric power generation or electric powered cooling to a
commercial building. Hybrid chiller operation refers to air conditioning using both natural gas
and electricity as primary fuels. A hybrid chiller plant would provide the building owner with
the flexibility to minimize cooling operating costs irrespective of energy rates by using he
lowest cost fuel (either natural gas or electricity). The hybrid chiller/cogenerator can also
operate as an emergency generator to provide electrical power in time of a local power outage.
Or, electricity could be generated simultaneously along with chilled water when running in the
gas cooling mode.

2 Objective and Scope

The objective of this hybrid chiller/cogenerator energy analysis was to perform a comparative
energy cost savings analysis of the hybrid chiller/cogenerator versus conventional electric
cooling equipment when applied to a prototype commercial building located in several cities.

3 Approach

Energy cost savings analyses were performed using the DOE-2 building energy analysis
program to simulate the application of various cooling plant equipment configurations to a
prototype commercial building. Analyses were performed for several cities where a
commercial building would be on a time-of-day electric rate with an on-peak and off-peak
electric cost schedule.

4 Application

A retail store application was selected because of its long operating hours and sustained
demand for cooling during a significant portion of the year. Since the initial design of the
chiller/cogenerator is sized for a 100 ton peak cooling load, the size of the retail store in terms of
floor area was adjusted in each city to achieve a 100 ton cooling design load. The baseline
conventional cooling plant was assumed to be a single 100 ton water cooled electric chiller
which was available all year to meet cooling demand. Alternative cooling plant designs
included a variable speed gas engine-driven chiller and several hybrid chiller/cogenerator
plant configurations with and without an electric motor which operated at constant speed (see
schematic below) and also sized to provide 100 tons of cooling.



Hybrid Chiller/Cogenerator (gas powered or electric powered cooling)

Engine Motor/Generator Compressor

XHP Y kW 100 tons

Gas Chiller/Cogenerator (gas powered cooling only)

Engine Generator Compressor

X HP Y kW 100 tons

The size of the gas engine, motor/generator and generator were varied to investigate operating
cost sensitivity. When the hybrid plant is running in the gas cooling mode, unused engine
capacity is available to operate the generator which is interconnected with the electric utility
grid to satisfy a portion of the building's electric load. One additional case simulated an engine
generator set dedicated to an electric chiller with the generator operating only when there was a
demand for cooling,

Typically the hybrid cooling plant would be operated in the electric cooling mode during off-

peak electric rate schedule hours when electricity rates are low and in the gas cooling mode
during on-peak hours when electric costs are higher.

5 Locations

In recognition of the fact that operating costs and savings will vary depending upon location
due to variation in climate and cost of electricity and gas, the following three cities were chosen
for investigation:

New York City

Detroit

Los Angeles suburb

The specifics for these cities are as follows:
New York City
Summer 1% Design Dry-Bulb/Mean Coincident Wet-Bulb 89/73°F

Electric Utility:  Consolidated Edison
Electric Rate: Rate 9-11I-Low Tension

Demand, $/kW Summer Winter
All hours, All days 8.79 3.17
On-peak 1217 0
Mid-peak 11.05 17.69



Energy, $/kWh
On-peak 0.1041 0.0685
All other hours 0.0523 0.0478
On-peak period - 8AM to 6PM weekdays, all year
Mid-peak period - 8AM to 10PM, weekdays, all year
Off-peak period - all other hours
Demand charge for the month is the sum three demand charges

Gas Utility: Brooklyn Union
Gas Rate: Rate 2
Energy, $/therm Summer Winter
First 6 therms, total 22.50 22.50
Mext 94, each 0.94864 1.01114
All other 0.66664 0.72914
(Gas Rate: Rate 4-B Gas Cooling
Energy, $/therm Summer Winter
First therm, total 20.65 N/A
Next 199 therms 0.84964 N/A
All other 0.67264 N/A
Detroit
Summer 1% Design Dry-Bulb/Mean Coincident Wet-Bulb 87/72°F

Electric Utility: ~ Detroit Edison
Electric Rate: Rate D6-TOU Primary Service

Demand, $/kW Summer Winter
For primary service 3.75 3.75
On-peak 14,25 14.25
Off-peak 0 0

Energy, $/kWh
On-peak 0.02596 0.0296
Off-peak 0.0296 0.0296

On-peak period - Noon to 7PM weekdays, all year
Off-peak period - All other hours

Gas Utility: Michigan Consolidated
Gas Rate: Rate 1
Energy, §/therm Summer Winter
All therms 0.47679 0.47679
Los Angeles Suburb
Summer 1% Design Dry-Bulb/Mean Coincident Wet-Bulb 81/64°F

Electric Utility: ~ Southern California Edison
Electric Rate: Rate TOU-GS-2B
Demand, $/kW Summer Winter
Facility charge 5.40 5.40



On-peak 16.40 0

Mid-peak 2.45 0

Off-peak 0 0
Energy, $/kWh

On-peak 0.14896 0

Mid-peak 0.06613 0.07811

Off-peak 0.04271 0.04271

On-peak period - Noon to 6PM weekdays, June thru Sept.
Mid-peak period - 8AM to Noon, 6FM to 11PM, weekdays, June thru Sept.
Off-peak period - All other hours

Gas Utility: Southern California Gas
Gas Rate: Rate GN-10
Energy, $/therm Summer Winter
First 100 therms 0.79587 0.79587
Next 4067 therms 0.64262 0.64262
All other 0.51314 0.51314
Rate G-AC Gas Cooling
Energy, $/therm Summer Winter
All cooling gas 0.49858 N/A

6 Assumptions

The results of the analyses are based on the following assumptions:

1)

2)

3)

4)

5)

6)

Electric cooling efficiency, 0.79 kW /ton (4.45 COP) based on ASHRAE Standard 90.1,
positive displacement water cooled chiller

Gas cooling efficiency, 1.46 COP with 0.02 kW /ton electric parasitics based on water
cooled engine driven chiller

For hybrid chiller/cogenerator, gas engine runs at constant speed and fuel consumption
anytime cooling is needed during the on-peak electric period which is different for each

city
Generator runs at constant speed with variable output when gas engine runs

Generator set was assumed to be interconnected to the utility electric grid and allowed
to operate during the on-peak period hours to reduce the building’s dependency on the

grid.

After satisfying cooling load for any hour, unused engine HP is used to operate
generator; generator output varies as shown below with for three different engine sizes



e

Constant Speed - Varlable Output Genorator
180 HF Enging +100 Tons Cooling + 75 kW Gonarator

Cooling Load (tons or % capacity)

Constant Speed - Variable Dutput Generator
150 HF Enging = 100 Tans Canling + 75 kW Genaratar

=
= 100 —= —
E‘_ an | R — ]
H g0
g -+
B =0
0 - -
[T
2 a 25 40 5 100
Cooling Load {tons or % capacity)
Constant Speed - Variable Output Generator
200 HP Enging + 100 Tons Cooling + 78 kW Generator
5 100
i an —
= i & .
3 EBEO
o
5 40+— —
E ol -
=4
a4 14+ T T T
0 25 50 75 1040
Cooling Load (tons or % capacity)

7) Two different operating scenarios were investigated:

a) Generator allowed to operate only when cooling load is above 20% capacity since
below 20% capacity the gas cooling system will cycle

b) Generator allowed to operate during all on-peak hours even below 20% cooling
capacity by falsely loading compressor. This allowed generator to peak shave and
produce kWh during on-peak hours when it normally not be operating.

n



8) Annual electric and gas costs for each case were calculated using rate schedules for each
city that applied to this retail application. Savings during on-peak hours were

determined using marginal rates as follows:

Los Angeles
Electric on-peak demand charge 516.40/ kW
Electric on-peak energy charge $0.14896/kWh
Natural gas charge $0.49858 / therm
New York
Electric on-peak demand charge = $12.17/kW
Electric on-peak energy charge $0.1041/kWh
Natural gas charge $0.67264 /therm
Detroit
Electric on-peak demand charge = $14.25/kW
Electric on-peak energy charge $0.0296/kWh
Natural gas charge $0.47679/ therm

9) Maintenance costs for operation of the engine were determined as follows:

For gas engine cooling, $0.015/ton-hr
For engine generator, $0.015/HP-hr of generator output

10) For the cases utilizing a conventional engine generator set, the fuel input efficiency was

assumed to be 25% at full load output varying down to 15% efficiency at 25% of full load
oufput.

7 Results

Annual energy cost savings for each alternative compared to an electric cooling plant are
summarized on a set of bar charts presented at the end of this report for each of the 3 cities.
Additional charts and monthly energy consumption and cost details for each case analyzed can
be found in Appendics A, Band C.
Simulations and analyses were performed for 15 separate cooling plant designs including:

Conventional Cooling Plants

1) All electric cooling plant

2) All gas cooling plant

Dedicated Engine-Generator Set

3) 75 kW engine generator set operating at full capacity during on-peak hours



4) 112 kW engine generator set operating at full capacity during on-peak hours

3) 75 kW engine generator dedicated to running electric chiller; generator operates only
when cooling required

Hybrid Chiller/Cogenerator

6) Hybrid cooling plant operating in gas cooling mode during on-peak hours and electric
cooing mode during off-peak hours

7) Hybrid chiller/cogenerator with 100 HP engine, 100 ton compressor, 75 kW generator
operating during on-peak hours when cooling required

8) Hybnd chiller/cogenerator with 100 HP engine, 100 ton compressor, 75 kW generator
operating during all on-peak hours

9) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 75 kW generator
operating during on-peak hours when cooling required

10} Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 75 kW generator
operating during all on-peak hours

11) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 93 kW generator
operating during on-peak hours when cooling required

12) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 93 kW generator
operating during all on-peak hours

13) Hybrid chiller/cogenerator with 200 HP engine, 100 ton compressor, 75 kW generator
operating during on-peak hours when cooling required

14) Hybrid chiller/cogenerator with 200 HP engine, 100 ton compressor, 112 kW generator
operating during on-peak hours when cooling required

15) Hybrid chiller/cogenerator with 200 HP engine, 100 ton compressor, 112 kW generator
operating during all on-peak hours

Gas Chiller or Hybrid Chiller with 35 kW Cogenerator

16) Hybrid chiller/cogenerator with 150 HP engine, 100 ton compressor, 35 kW generator
operating during all on-peak hours

17) Gas chiller/ cogenerator with 150 HP engine, 100 ton compressor, 35 kW generator
operating during all cooling hours

18) Gas chiller/ cogenerator with 150 HP engine, 100 ton compressor, 35 kW generator
operating during on-peak cooling hours



8 Conclusions

An all gas cooling plant saves $6,000 - $10,000 annually (engine maintenance costs included)
versus an all electric cooling plant for the three cities analyzed.

For the Hybrid /Cogenerator cases analyzed:

a)

b)

c)

d)

Annual savings can be maximized if the chiller/cogenerator is allowed to operate
during all on-peak hours even when no cooling is needed.

The chiller/cogenerator configuration with a 100 HP engine, 100 ton compressor and
75 kW generator operating during all on-peak hours gives annual savings including
maintenance of $7,000 - $12,000 versus the all electric cooling plant.

The optimum chiller/cogenerator configuration based on the alternatives analyzed
appears to be the system with a 150 HP gas engine, 100 ton compressor and 93 kW
generator operating all on-peak hours. This configuration produces annual savings
including maintenance versus the all electric cooling plant of $9,000 - $15,000.

Greater annual savings are possible in Los Angeles (>5$19,000) but only at the
expense of installing a larger 200 HF engine.

The hybrid chiller/cogenerator makes most sense in cities and applications that have
time-of-use electric rates with on-peak and off-peak schedules where electric demand
and energy charges are higher during on-peak periods. For cities in which time-of-
use rates don't apply, but electric rates are high, an engine-driven chiller would
generally provide the best economics.

Where interconnect with the electric grid is a problem, a 150 HP engine powering a
100 ton gas chiller and a 35 kW synchronous generator which serves a fixed load

during on-peak hours which can be switched to the grid can give annual savings of
$8,000 - $13,000 (including maintenance). Also provides emergency power backup.
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Appendix A
New York City
Annual Energy Usage, Costs and Savings
for Various Cooling Plant Scenarios

for Retail Store with 100 Tons Cooling



New York Annual Natural Gas Use
for Various Cooling Plant Scenarios
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New York Savings Versus All Electric
for Various Cooling Plant Scenarios
100 Ton Retail Store
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Retall Store, 32000 SF

New York
200 HP constant speed englne, 100 tons cooling, 112.5 kW generator
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Fitsl B thavrs, tatal 5
Mokl 34 DBqBsg
Al efmar it
Bemaklyn Union Rate 4-B Gas Cooing
First onm, 1otal 2085
Haxt 109 L8584
Al otnher o8
Marginal energy cagly waed in analysis
Orr-Peak Dsmard Chargo 11T S0
COr-Peak Ensrgy Coal 41047 Exivh
Gas Cocding Raln 007284 ESham

Wirdar
347

Q
1788

28
1.01114
nyaE14

On-Paak porcd - BAM 10 BPM wesskidays, All year

Mid-Peak poriod = BAKY |0 10PN weokdays, oll year

Off-Paai packsd - all albr s
Chorges an addtive

Hind ta craili tha mid-pask porad
o handio sddithve demand changas

Fesults balcw arn for a hybrid cocling syslens whars gas cooling cporales during en-pank haurs, eleciic cocling al othes hawrs

Buftding
Bullding  Demand During
Buldng Hudiding Damand Peak Pariod
Enargy Dasnand Buring With Qeneretar
Unage Pank Pericd Dparaiing
k¥ W Lyl W
51177 a3 4.1 6a3
45 03 03 08,3 B
50,525 1240 1085 BS8
41,811 ARER | i =¥
54,311 137.8 1092 548
S0.Ea7 168.0 1072 BLT
4,873 174.0 108.2 n.e
a4, 357 1884 197.2 7.0
56,152 185.7 104.9 85
52,053 1285 104.8 &5.8
41,148 naia 1024 554
41hE29 1eT 84,0 a3
a4 82|
Summany
Busalinn Eleciric Cacling Flar
Hybrd Coalng Plant
Sovings
Addtionn| Savings weh Ganemtcr
Talal Gavings
Savirgeion instafed Cooling

Appancy & s« Resuts-I00HP- 1 ke

Additfonal
Gas Cost
to Run
Engine-len
H

{108)
{285
[1.514}
{2,218}
[2,085)
2,213
1,882
1,351
i

{11,823

Constant Spand - Variabla Qutpul Genarator
20011 Engina = 100 Tose Conlisg + 1128 B4 Canarsior
120
100
a0
i)
an
an
n
| 1] 20 dn L]
Avoided Electric  Electric
Demand Electricity  Additianal Domand . Energy
During Cararatad Enpins Cost Cast
Peak Porod Qas Savings  Savinga
KW hh iharme H 1
an - - H i
0o . 5 5 5
11.0 B4 187 134 ag
1.5 2315 3w 14 241
0y 14,014 2251 1= 1459
15.8 1,748 T287 182 2,284
4.3 4T 30m 1,028 2218
B2 3,798 3,419 1,008 1417
1.8 18,808 2813 45 1937
1.2 12,380 2,008 Ri] 1209
a8 e 183 #a o
a.0 . . 3 ”
118,202 17577 3082 42087
Anninl Eneqgy
]
EA R ]
B D45
7008
3,358
1 2
100.92

12h

fisl
Addl

Humbar
Haurs

Savings Generator

1
128
75
234
1,1a7
1,262
180
ik
a8

338G

Dperating

81
11

1,424

Avarage
Ganeratar
Efficlenoy

k]

a0.5%
20.8%
L%
21.5%

FHR
22.0%
21.0%
19.3%

2 0%

Average
Gomerator
Haierly
Ouput
W

a.n

an
1051
105.2
1036
104.0
1023
103.6
02,8
040
1E2d

oo

1434

=1

4700



Retall Store, 32000 SF
New York

200 HF constant speed anglno, 100 tons cooling, 76 kKW genarator

“FPPFN*§

Conaclidntsd Edisen Retn 9-40-Low Tonsion

Demand, FHv
All Hours - 4l Days
(On-Poak,
Mid-Peak

Enedgy, 5K
On-Paak
All other hours

Broakiyn Unicn Rale 2
Enargy, SAherm
First & thems, botal
Mo B4
Al alter

Brmoklyn Unisn Rale 4-8 Ges Coaling
First one. ictal
Haxt 188
Allalher

Mergnal anergy costs wssd in analysis
COr-Poak Demend Charge
Ci-Poak Energy Cosl
(Gas Cooling Rals

Summer \Wintar
aTe 34T
1217 1]
11,05 1788
21049 0,0505
ilsLrk 0.0ava
725 215
0.94004 101114
O BOGES o7zad
20.E5
0 B4
DAT264
12,17 S
01041 S8k
QUET264 §hhem

. Brselina systent s 618 alaciric scoew chillor, 0,79 KAAon [4.45 COP) required by ASHRAE Stardand §.1-1599

Hytrid syatem i gas orgine cocling (1,48 COP, 0,02 alectic porasitics) and electiz reciprocating cooling (0,78 Khilon)
200 HP gas engine runs at conatart saead and fied consumpron when cocling neated during on-pank aecled
1,850,000 Blwhr funl conaunpian far 200 HP engine basod on avarage fuel usage for Teos CH Seraes chdlers
Canstinl spoed, varlatle autpud genermior with 75 KW capacity
Cvaeslzed angine his HP avalable ta opemls genaralor at full losd consnuous cutpal of 75 kWY

Besaw 20% cocling copacity, cooling system will cycls; anly cperate gansator tuning haurs whan part lnad cosling capacty is abova 20%

On-Peak parad - 845 [0 GPM weekdays. All year
Mig-Faak parisd - BaM to/10FM wonkdys, ol yoar
Céf-Foak pafad - all other hours

Chargas wre additive

Haif o creals tha mel-penk perlod
#0 handin addilive demand chargas

Faguis bolow are far 8 nybed cooiing sysiems whede gas cooling cpormies during co-pank hieurs, sacihs cocling al alhar baus

Buiiding Bullding
Energy Demand
Usage
EWh kW
Jant 5,477 0.3
Feb #5,083 053
far 50,535 131.0
Aar 48,811 1189
May &4, 2 1376
Junis 58,667 1660
Jiity 64,873 1.0
Aug B4, 357 1644
Sapt 56,184 165.7
Cet 52,053 126.5
Hew A0 145 1an
Dt 4823 1187
Tolols 248821

Bullding
Comamnd
During
Peak Period
Lig

56,3

863
106.5
107
106.2
107.3
108.2
107.2
1068
nae
1024

B33

Busdling
Damand During
Peak Perded
Wiilh Generstor
Operating

KW

6.3
06,3
B58
BESE
BES6
m.r
12
122
BS54
058
E ]
a3

Avalded
Demand
During
Peak Perad
KW

+1s}
g
11.0
114
107
164
6.0
T5.0
11.9
113
&4
0.0

Constant Speed - Variable Output Gonerator
2060 WP Englee + 105 Tons Conlirg + 75 W0 Ganeiston |
m
0 |
" ——
10 2
60 f— —_— e
T —
20 —
a0 | — _—
20 = =
10
o
+] an 440 L] 2o 10 120
Electric  Electric  Additienal
Emectricity  Additional Demand  Energy  Gas Cost
Generated Englne Cast Cast ia Run
Gas Savings Savings  Engine-Oen
kwm therms 5 H 5
B8 1587 T34 kit [voa)
1,850 3ma 140 172 {255)
10,125 2281 130 1,054 (1,514}
15875 3,287 180 1,632 2,218}
15750 3,070 #13 1,540 [2,0a8)
1780 3430 g1a 1,798 [2,213)
13575 2,810 145 1,413 {1,682)
BE2G 2,008 138 st 11,351)
ars 1893 a3 Ta (10
84,300 17 577 784 BTV (41,827

Mt
Add
Savings

]
57
330;
{386}
407
155
{34
{ad)
43

(263)

Humnber
Haours
Generator
Operating

a
a2
135
08
210
30
181
1w
]

1,124

Hale: Tharg am on-sesk Mours during Kanch, Agril, May, Juns, Seal, 021 Now when thoro 15 no cosling rquired, therefare genesatar cannet sparala Lo preduce 75HW aveided demand

Summary

Baseline Elactic Coaling Plan

Hybid Ceatng Planl

Sovirgs

Addriona! Savings wilh Generator

Tolad Savings
Sadngsion |mtaliee Coaling

Aopsndiv & wls - Rrslls20HE T He

83081
BE 045
7038
{283
BI71
67,73

Annual Ensngy
5

HAverage
Genarator
Efficlency

L

14.7%
14,9%
15.4%
16.2%
17.5%
"%
16.5%
16.2%
14.1%

1655

Averaqe
Genarator
Horsrty
Cutput
kW

i}

o
T8O
T80
T5.0
5.0
Ta.0
750
760
750
750

a0

750

ABRD




Retail Store, 32000 SF

New York
75 kW natural gas generator

Assumplions

2 Oino ongina-generiar sel aperaling curing on-peak hours al fll catput
3. Engine-genamior fuel mpal effciancy ol full oed, 25%
4 Gannratar capacity, 75 KW

Cansalidaled Edison Rain 9-H-Low Tensicn

Demantd, SHW
All Hours - Al Days
OrPoak
Mid-Fak

Enagy, 5B\
Or-Paak
&l olhsar hours

Brocklyn Union Rale 2
Energy, SAram
First § thems, botal
Max] B4
All athar

Broosiyn Union Rt 4-B Gas Caoling
Firnt o, tatal
Hext 189
All e

Marginal energy cosls used in analysls
On-Ppak Damand Charge
Cn-Peak Enargy Cosl
Gaa Coolng Rale

Summer Wimer
nre 17
1217 o
1408 17.60
Lo 0845
[Klisrk) ©O047E
215 Z2h
L4884 104114
fekilis o 072914
H) 65
0 faBa4
047264
RFRER-
LAD4T S
067284 3Atam

Raguit balow am Tor an alscirs Loaing pland with enging-ganarstor aparmting durdirg of-pask hours

Bldg, Demand
Auliding Aullding During
Energy Demand  On-feok Perod
Usage
kWi L] L
Jan a0aTT w3 233
Feb 45,063 B9E3 253
Kar 50,7B5 13540 1308
Apr 48463 1369 1369
My 52,4303 1409 14p8
dune 70080 1700 1814
July Jagar 1774 1774
Ay Taek 1714 714
Sapt do0,628 1723 1723
Ot 85,720 14240 1420
e [= 48,348 126.1 112
Do 49,601 1201 63
Tedals 708,420
Sumimany
Basatne Eaciic Cooling Fran
Bavinga from E-G Qperalian
Rewdaed Annis Energy Cosl

Anparle s v . Beisilis Ry Ean Pk O

Bullding
Demand During Avolded
Prak Perod Demand

‘Wihan Gennrator Durng
Oporates  Peak Parlod
kW kW
13 75.0
.3 750
B5.8 a0
E1.8 Tha
748 750
Ba.4 T50
024 50
B34 T50
7.3 750
B7.0 750
ard 750
213 750
Anrus! Enany
3
181
13,072
18,78

1. Bullding coalnd with ane sectic screw chilar, 0 78 KWaan [4.45 COP} raquied by ASHRAE Standard 90,1-186589

On-Pank pericd < BAM fo BPM woskdays, All yoar
Wid-Faak pariod - AAM {0 10PM wenkdoys. all year
Ciff-Ponk pericd - ol oiher hours

Crarges arm additive

Had 1o crmata o mid-ponk peciod
Io handio addittve domand charges

Eleetric

Elscirielty  Addltional Damand
Generated Engine Caost
Gas Savinps

EWh therms 5
16,500 2,383 E12
14,250 1,945 212
15,500 2283 E13
16,750 2,150 B3
18,500 2,263 B3
16,760 2180 B11
18,750 2168 E13
17,250 2,355 E13
14,250 1.845 "3
18,500 2253 B3
15,000 2,044 3
15,000 2,048 3
189,000 25802 10,853

Electric
Energy
Cost
Savings
14

1718
1483
1718
1840
1718
1840
1940
1783
1483
17148
1562
1562

19475

Additianal
Gas Cost
ta Hun
Engine-Gen
3

[1515)
{120e)
11815)
11448)
11515)
11448
11448)
{1534)
{1308)
(1515
{1371
{1377)

{17.3556)

Hed
Addl
Savings

1115
1088
1115
1108
1115
1108
1108
1124
cag
1118
10ar
1097

13,3%3

Humber
Hours
Generator
Operating

220
130
220
210
220
210
1D
230
190
220
200
200

2520

Humiar
af Hours

In
OnPeak

220
180
23
210
2m
210
210
30
190
20
200
200

2HI

Avarage
Goennrater
EmMiclency

%

26,0
25,0
25.0%
25.0%:
25.0%
26:0%
25 0
25.0%
25.0%
25.0%
25.0%
25.0%

25.0%

Average
Qenersiar
Hoanrty
Cutpis
Lo

50
750
T6 L
760
764
7640
7540
750
7540
5.0
5.0
750

750

AR2001




Retail Store, 32000 SF

New York
112 kW natural gas generator

Assumpians

2. Cina sngira-genemstor 561 cporaing durfng on-peak hours &t il outpal
3. Enggine-genarator tusl inpul afficiency al fuli oed, 25%

4 Gonerator capueily, 192 bW

Conanidated Echson Rate 9:40-Low Tansion

1, Building cosled with ora efactriz soraw chiier, 078 0N {445 COF) roquired by ASHRAE Stundard £0.1-1393

On-Poak porad - BAM to €FM weakdayn, Al yaar
Mid-Peak period - BAM 2 10PM weekdays, all yaor
Cff-Faoak ponad - ali atther houra

Chamges e additive

Hadl Lo ereals tha mid-peak patas
b hardle addillve deenand Hiarges

Camand, Sk Summer \Wintar
Al Hours - A8 Days a7a a7
Cn-Fopk 1217 a
Mid-Poak 11,05 1T
Ennrgy, 5:kwh
On-Peak Bonas 0.0585
Al athar hours 00623 0.0478
Broakiyn Linion Robe 2
Energy, 3them
Firsl & thamms, total 225 225
Huaxi 04 DuBda64L 1.01114
All pifer 056554 072614
Broaklyn Urion Raie 4-8 Gas Cooling
Fimst ona, talal 0,85
Mat 164 OB4554
Al i OaTIGY
Marginal enegy costs usod in analysis
On-Pank Demand Charga 1247 &
On-Poak Energy Cosl 01041 0N
Gins Coaling Rata 0E7ZB4 $hamm

Faswits Baloa aro far an alocic ceatmg plant wilh angine-gapantor aparating during on-peak houra

Bullding

Energy

Usage

kWh

Jan 50177
Fad 45083
Mar 50,785
Apr 48 463
My 58,430
dund 70,838
ya,ar

:ﬁ 78,190
Sopl o firl]
(o] &40
Moy 48,348
Dac 43,5
Talats 704,420

Bldg, Demand
Bulkding During
Demand COn-Penk Period
W kW
63 B5.3
o3 3.3
1380 1208
1368 13468
148,86 144,89
1701 1E1.4
1774 Wra
1M4 i
1723 723
2.0 142.0
126.1 12
1201 oLy
Sumamary
Brasing Elscine Cocling Plant
Sandings from E-G Cperation

Revised Annual Enorgy Cost

snpandle &wla o Fasulie] £ T e Onnk Do

Bullding

Damand During Avalded Electrle  Electric
Peah Perlod Demand Elgctricity  Additional Demand  Energy
When Generator During  Generabed Englno Caost Coat
Operates  Penk Perfod Gas Savings  Savings
oW (A Kh thams 5 5
o oo 21,0648 3,384 o 2168
oo Do 18,177 2,838 o 1862
1B.8 1120 21,108 3,284 1353 18T
e R 20,345 21 1363 2118
are 112.0 22,870 3,384 1363 2381
qg.4 nee 23,487 321 1383 2448
854 R ai] 23,530 3211 12683 2448
59.4 1Mo 25,7EQ 3,517 1363 2682
§0.3 2o 2111 2,805 1363 2158
ann 1120 22,824 3,354 1283 2378
0.3 112.0 15120 3,058 1383 1460
oo oo 15,084 3,068 o 1088
258,820 38 631 12,567 25,822

Annual Enargy

3

o1,881

13,272

74,709

Addiional
Oan Cosl
o Run
Englinn-Gen
3

(2263
(1954)
(2263
{2180
(2263}
(2180}
(2160}
[2556)
(954}
(22083
(2057}
[2087)

(25,018

Mt
Addi

Savings
H

i54)

B2
1207
1321
1402
1848
1852
1870
1807
1478
1268

(69}

13,272

Mumber
Herrs
Gemeraior
Opursting

23
180
20
210
220
210
210
230
1890
zn
200
200

2,520

Humber
ol Hours

]
On-Peak

20
180
X0
210
20
o
0
230
190
i
200
200

2.530

Average
Generaior
Efflclency

%

21.4%
2145
21 4%
I1.8%
23.0%
25,0%
25.0%
25.0%
4. %
AT
21.3%
213%

220%

Averaqa
Generalor
Hourty
Cidput
W

B0
5T
5.0
6.0
104 4
11148
11240
11240
111
102.7
5.6
85,6

1028

4001
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Retail Store, 32000 SF

New York

75 kW natural gas generator powering electric chiller
On-Peak Cooling Howrs Only

fasumgtions
Cna engino-gereraiss kel operaling turng on-pask hours when coaling required
Engine-gonnmbar fual Mput aMciency at il foad, 25%

;. Ganomsar enpacily, TE KW

E-0 must opemale 1o pravide pawer b chiller any ime chitar cpermtas during on-peak paricd
Bulding socled wilh alectic serww chiller, 079 WWhan

8 B3 providos powes far elesiie ahiller

7. EMciency of E-G varing from 25% &1 100% oulpul to 15% at 26% culput

B E R

Consobdatet Edison Rajo 5-10-Low Tenslen

Camand, SHdy Surnmear \Sinter
All Hauss - Ml Days o975 317 On-Paak paniod - BAM i 6P M weekdoys, All year
On-Fank 1247 a Mid-Pank pariod - SAM Lo 10PM weakdays, all year
Mig-Foaik 1105 784 Of-Pask panod - all olfer hourm
hargas arm acdilivo
Ermrgy, 5.k
On-Pank 01041 0.09ES Had to crastn e mic-poak penad
All other hawrs 0.0623 0,047a o hardle acdiive damand charges
Bracklyn Linicn Rate 2
Energy. $Mmem
First & thorms. 1osal 2248 225
Kot G4 O 86 161174
All pther DEERA O7a4
Broakhym Linien Rale 4-B Gas Cooling
First ann, balal 65
Mot 199 084864
All plivar 0AT264
Margiral anergy caats used in analysis
On-Peak Demand Charga TLIAT SR
On-Poak Energy Casl 01041 Bt
Gan Coalng Rale DaTI64 $iherm

Fosidts bebaw fem Tor 8n siacirs coolng plonl pawesed from angine-ganaralor diring on-gank R

Buliding

Bidg. Demand Demand Buring Awolded Eloctrde  Elacirle  Additbonal Mt Humber  Humber  Average Average
Dudtiding HAullding Duirtng Peak Perdod Demand Electricily  Additianal Damand  Enorgy Gan Coal Addl Hours  of Hours Generator Generator
Energy Demand On-Pesk Perfod  When Generator Durlng  Genorated Enginge Cost Cost to Fun Savings Ganerator In Efficlency Hourly
Usago Operates  Penk Perlod Gas Savings  Savings  Engino-Gan Operating  On-Peak Curput
KWh KW W KW L1 K¥vh therma % 5 § L] % kW
Jan SATT =] A o8:3 an - - il i] o o i} et
Fe A%, 003 833 1.8} 953 oo - - o 1] 1] o D 1580
ar 50,785 138.0 1304 104.3 M4 106 40 3z 18 M 14 o] 220 16 0% I0E
T &5 483 136.9 1369 104.8 A 501 101 agd 52 (L10] a4 22 5[] 16, 5% 228
May 55,430 1489 1464 104.4 456 A5 ] 554 4l (488) 4a7 138 250 18.5% 285
Juns T AnE 1 1814 104.8 54,8 7,7a6 1.251 ao2 =l (BT 658 i} 210 41.7% ara
July TRTHET 177 1774 1034 741 #ETE 1,460 201 1026 Ba2y 847 210 210 231% 470
Aug TRARD s 1714 104.5 agp 10,134 1.528 814 1055 {1028 B41 23] 20 2285 241
Sap BEE28 1723 17z3a 1042 aa.0 7.0 1117 am 733 (751} g 181 160 21.5% g
Oct 55,720 1420 1420 1048 ara 084 564 455 vl [383) ELE) 119 2 18.0% 269
Merw &0, 348 1281 "y 1011 "o 168 3 T4 18 {25) 15 a 200 15.3% 18,8
Oes 45901 1201 K 083 oo - - a 9 a a o 00
Totals OB AT 42,606 6415 5,091 4436 {4, 5841 4,943 1,124 2520 1.0% ire
Suwmmary Aral Ennrgy
5
Basalne Elacih: Cocling Flant 91,881
Smvings from E-G Operation 4,843
Rovised Annial Ennrgy Gost &7, 038

Apnandn & wlg - Frslis-Tikw GensFine Chiller AREHA1




Retail Store, 32000 SF

New York
75 kW natural gas generator powering electric chiller
AR Cocling Hours
Agsumplions
1. Ona angne-genombar =i cperating hours when cocling requined
2. Engina-penemior fuel inpul eficiency o lul load, 268%
3. Garomlo capacty, 75 KW
A, E43 must cporadn 1o provice powee b chillar any tma chiller operales
5. Bullding coaled with elactric sorew chiliar, 0,79 KWhan
6, E-G provides pawer for edacirie chillar
7. Emciancy of £-G vares from 25% & 100% culpdt b 15% al 2% awtpul

Crensoidated Edison Rabe 5-i-Law Tonsion

Camard, 3w Summer Wintar
Al Hours = All Days a7 3T
On-Prak 127 o On-Fank pariod - BAM |0 4PW wookdays, All yoar
Mid-Paak 11.08 17.809 Mid-Faak paricd - BAM ta 0P woakdoys, 2l paor
Of-Pank pesod - all albor hawrs
Ersargy, 5.k Chargos aro addiie
On-Padik 0, 1041 D068
A0 ather haurs 0,0523 QUOATE Had io cranga the mid-peak patod

1o henda addilive demand changes
Ern-uul:,ln Unien Rals 2

Entrgy, $therm
FirsL 8 tharms, total 2.5 25
laxt 84 0.B4EG4 101114
All pthar 065654 a.raa14
Brookiyn Urion Hate 4-8 Gas Cadling
First anl, (alal 2045
Mot 1889 0,B4584
All ather 067264
Margingl energy Cosls usnd M anatysis
Om-Poak Demarkd Charge 1247 S
On-Prak Energy Cosl 01041 ERANT
Gas Coaling Rale 067284 2nhamm

Reaulis balmy & foe an sincinc cooling plan pawarad frem engino-genenalen during codling nours

Buiding
Hhig, Demand Damand Durlng Awobded Electrie  Electrle  Additional Het Humber  Mumber  Average Avaragn
Eudlding Bullding During Poak Perod Demand Electriclly  AddHional Demand  Ensrgy Gas Coslt Addl Hours of Hours Genermtor Generafor
Energy Demand  On-Peak Pedad  When Generalor Durineg Geperaled Englne Cost Cosl o Run Eavings Generalar In Efficlency Haurly
Unage Operates  Peak Period Gas Savings Savings Engine-Gen Dpersting  On-Peak Outpat
kWh kW KW W L) KWWh merms H ] H H % KW
Jan s017T @13 €0 oa 0.0 - = o o [ o 0 o
Feo A5 0603 2.0 a0 oo oo - - ] o L] o a o
Mo 50,7RS 138.0 130 WL T a3 HBT 100 gt 1] 16T ABE ) 27 16.6% 229
Apr ADABY 134.9 1368 1B iz 1,164 239 A0 12t (161) asn a3 %] 16.5% 2.8
Moy 55 430 140.9 1469 1044 455 oara 1,632 854 E2d 11981} a7 18 e 18.7% F]
Jupa ThoAas 1T e 104.8 8585 18,362 3,164 TE7 208 (2150) 863 563 553 20,74 asn
July TBTET T A 1774 103 4 741 25,343 3,884 201 2638 (38 a1 B02 a0z 22 74 421
A TRED T4 1714 1045 868 24,283 3,78 814 2529 (2543} and B0 800 % 408
Sapl ae8x8 a3 1723 104.3 aa.n 18,870 A,0E0 azv 1564 (20T g 523 573 20.5% Akt
Ot 55,720 1420 142.0 1048 ard 5204 ag9 A5k 542 a7z ] 06 206 17.8% 281
Hiw 4B 348 1201 1281 104.1 220 563 128 any (] (04} 242 an kh] 15.5% 184
Dec 48901 201 1201 1.1 180 244 s v 25 (a7 2 13 13
Talals TOB 420 104,432 A7, D 5811 10,871 111,488 4,003 28 021 20 6% 35.6
Summary Arnunl Enorgy
H
Basnlina Eleciric Cocling Flan 91,889
Savings fram E-G Cparation 4,883
Revised Anrual Enprgy Cost B4,68A

Appundis & ¥18 - Aesulls-T 5o SaraChil-tl) Clg AP0
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Retail Stora, 32000 SF

New York
100 HP constant spead engine, 100 tens cooling, 75 KW genarator

Assumplions
. Easelira system is ona alecric screw chilar, 079 KAADA (4,45 COR) mquited by ASHRAE Standaed B,1.1893

. Hybeld systam is gas ongine coakng {1.48 COP, 0.02 elacine parasiics) and slactfis reciprocating coaling (3,78 kiAMon)

100 HP gas enging runs o} conston) speed and kel consumgticn whan cooling neadad durag en-pank perod

Q25,000 Diwhr fesl consumalion for 100 HP engire based on average fuel usage for Teca CH Serins chikars

Conatant spead, varkabla outpul garamiar with 75 k& capacity

After satistying caciing Ioad, urased engina HP any hour con ba wiad io aparals gerersion ganeralor outpwd varks wilh unuded engine copacily
. Bolow 20% cacling canadly, cooling systam will cycia; anly oparate generalor during Frours when par ized coaling capacity 18 above 20%

e

Consaidatesd Edison Rabe G-ll-Law Tonsan

Damand, S0 Summear Wintar
AR Hours - All Doys B.7E 347
On-Peak 1217 a On-Peak period - BAM o 8FM weskoays, All yaor
Wig-Fank 1105 1768 Mig-Pank paikod - BAM 1D 10PM weewdays, Bl year
Col-Peak period - all olhar hours
Enargy, 5.k Charpas are addiliva
Dn-Paik (R {en ] e =1L
All otar s, DoE23 o478 Haed it crapts e mmid-peek parod

1 hancla addifive damant (=Ll g
Breskiy Unie: Rato 2 2 —

Energy, $Anaem -
First 8 tharms. {ctal 224 d25 1w :1 mfff.'f.-: ?T:Etfmgzﬂﬂin:r..:nr
et B4 4054 101114
Al othar 008564 Q72814
Brooklyn Urian Rale 4-8 Gas Ceokng
Firgd crm, Satal 20.65
LT R ] DUBADGA
il atbar DETI64
Meringl anagy coats used inoonalyes
On-Paak Cemand Chama 1247 £
(r-Peak Energy Cost T1041 $5%h
Gas Coaling Fat 087264 $ahamm

Aaaies below arn far o hybrid cooling systama whara gas cooing operales durdng on-peak hours, sleactic eacing oll ether fours

Buliding

Bldg. amand Demand Buring fovalded Elnciric  Electiric
Bullding Buliding Drsrirg Frak Perlod Demand Electrictty  Additianal Demand  Energy
Energy pemand  On-Peak Period  When Generator During  Gennrated Englne Cost Cost
Lisage Cperates  Peak Period Gas Savings  Savings
KWh W W i) kW Kl therms 5 5
Jan S0ATT fr o ;33 = ] oo - - 1] a
Foi 45,093 1ol B33 853 oo - - a a
Mar BO,E25 1210 108.5 o956 1Mo 540 T4 14 &6
Aar 48,811 11893 107 856 11.5 1,303 176 140 136
May 54,20 1ara 8.2 5.8 o7 7423 1,002 130 T
Juna 59,897 1850 1073 a7 158 10,154 1,284 160 1087
duily 64,673 1710 106.2 =i -k} T.T15 1,927 113 803
Al B4,357 1664 1072 B2.0 152 G230 1,32 185 540
Sapl £8,158 1857 1ae a5.1 110 8,366 1,138 145 ER|
o=} 52,063 1265 1068 856 1.3 8,80 208 138 Ti6
My A8, 146 1136 1024 B5.6 B 540 fili} a3 56
Dt 49,820 110.7 6.3 B3.3 o - - (¥] o
Tatais B a0 52,167 7,180 1257 541

Bumiminry Anrual Erargy

i

Basnline Elsctriz Cocling Plan B3,081

Hybrid Cealng Peant B5,045

Savings 7.oa8

Addtiona Snvings with Genesrmior 1,658

Tolal Savings 8,604

Savingsice Installed Coaling TR

Anpnpediy & wts - Fesylis-100HD. T Iy

Additicnal
Gas Cosl
1a Fun
Engine-Gen
5

a

a
150)
198}
{674}
1857y
{758y
{802
{786}
{611}
[54

o

{4.830)

Het
A’
Savings

140
154
]

158
250

246
a5

1858

Humber HWumber  Average  Average
Hours  of Hours Gensrator  Generator

Ganeraior in EMclency Haurly
Cperaling  On-Peak Dutput
] Lig)
a 20
o 180 =
a8 210 24 0% a0
a2 210 25.0% T
135 21 25 3% E5.00
9 210 259.4% 48.8
210 210 234% 3.7
30 230 2400 a1
a1 16d 251% #5.2
(R ] 259% 56.0
5 200 1% 610
] 00 E
1,924 2,520 24 5% 46,4

A33001
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Retail Store, 32000 SF
Mew York

100 HP constant spead engine, 100 tons cooling, 756 KW generator runs during all an-peak hours

ANSUTIPONE

e R L

oparates i 20% capocily ta aocaunt tar fuel conaumalicn

Censelidaied Edisan Rais 941-Low Tonslan

Darmand, 350Y
All Hours - A% Dy
Or-F o
Mid-Feak

Enamgy, §20h
Cin-Foak
Al pitar hours

Brooklyn Unsan Rale 2
Erangy, $har
Flrs B thaems, 1o26]
Maxt B
A alber

Arachlyn Unien Aot 4-B Gas Ceolng
First oo, 1ctal
Haxl 158
Al alher

Waminal arargy costs wisd in Arnalyss
Cr-Paak Camand Chama
Ori-Ppak Enangy Caost
Gas Coeling Rnta

Sumimar Winler
=] LR
1247 o
11.05 1769
01041 il i
00533 00478
2248 225
D004 101114
O GEAa4 aTaatd
0.6
DUB4HGA
DaTisd
1247 R
Q1041 T50h
DATaE4 Eitham

Aaaits below ore farn hybeid cealing sysiome wham gos cooling oaesales duwing on

Bidy. Demaml
Bullding Bullding Durefivg
Enorgy Demand On-Peak Porod
Usage
kh W KW
Jan 80477 o853 i ]
Fel 45,003 833 8.3
Mar 50,525 121.0 1045
Aot AB011 1184 1971
Moy 54201 1376 1062
Juna 58887 165.0 1073
Juty 84,873 174.0 10832
Aug 84,357 165.4 1072
Sapd 50,159 1887 108
Ot 52053 1285 1088
Mo A8, 145 1116 1024
Do 48,828 a7 w53
Toaals 646,821
Summary
Bnssling Bectic Coaling Plant
Hibrld Cacling Plani
Eminga

Addifiannl Sadngs wilh Ganermsar
Tolnd Savings

Savingston Insialied Coolng

apaendis & elg - Bosutis 0OHP TS 41 Prak

Bullding
Demand During
Peak Perlod
When Gerernfor
Operates

kW

.3
3.3
Ag.h
501
.0
m31.2
848
g2.0
830
63,8
424
3.3

Avolded
Demand
During
Paak Porlad
(84

Basalina sysinm is oro siociris screw chiles, 0.7E BAtan {445 COP| mquired by ASHRAE Slandard 90,1-1839

. Hybrid systam i3 gaa engme cacling {148 COP, 0.02 sleciic paraetics) and sleciia reciprocating cacfing (075 Kion)
100 HF gas angina rune at conatant spaed Bnd feel consumption whan cooling nesdad during on-peak panmod

B2 000 Baub funl consumpton Ter 100 HF angina bnsnd on aynrsge fual usags for Teco CH Seras chilecs

Consinm spoed, varinbia output gensraior with 75 KW coprcty
. Asar satstying cooling land, Lrused enging HP any howr can o wsed to operals ganarator; ganerasar sulpul vares w unuesd sngine cepacty
Ganesator coprabes pwary hour curdng on-peak pariad ovan B cooling fand |s balow 204, Below 20% coaling capacily, aasume cacling yslam operales

Cr-Poak puriqd - 8AM 1D 824 wonkcays, AY yaar

Mid-Peak porcd - BAM k1 10P weekdays, o yaar

Cff-Paak parod - all alhor hawrs
Charges am addilive

Had o creale the mid-peak panad
Io handie addilive demand chanmges

Constant Speed - Variable Qutput Generator
100 HP Engirs + 100 Tons Caaling * 75 KW Generator

coHBEEBREEBER

40

L an a0 Ed 10 1
-paak hours, slectic ceatng all other hours
Elacirie  Elecirfe  Additional Hot
Elnctrieily  Addifonal Demand  Ensrgy Gan Coxt A’
Ganoratnd Englnn Cost Cost o Fun Sayings
Gan Savings Savings Enginn-Gen

Kh therma 5 5 4 5
13,200 2038 Tan 374 | 1382 Ta5
11,403 1,758 Tin 1187 [11azy Ta5
13,2040 2028 Tin 1A (1243} T42
12,583 1,916 68 1310 [12am) 714
12,583 1,780 441 1304 (1302 B4
10214 1,373 a4 1063 (E2d) 434
T.715 1927 M3 B33 (758) 158
8,229 1,312 185 BEh (BEZ) 53
8,809 1,222 174 p2f (B22) a0
12,961 1,842 &72 1346 11230) Baz
12,000 1845 3k 1240 {1242) ar
12,000 1.850 130 1240 {1244) 738
135,827 2009 6124 14,150 113,518) 8758

Humbar
Huodirs
Generaior
Cperating

220
11
20
Faly
20
o
210
230
18l
230
200
200

I 530

Humber
of Haurs

In
On-Peak

220
180
20
210
220
Fal
2490
230
180
220
200
200

2,520

Ayernge
Generator
Efflclency

%

Z2.1%
Z2.1%
22.3%
1243
T30
23:4%
FEEL
0%
24.8%
24,0%
22.2%
2%

1%

Avaragn
Generator
Hourly
Oustput
kW

EQ.0
Ed.0
E0.0
8.5
6.5
484
w7
01
5.9
569
Ba.o
800

530

42004




Retail Store, 32000 SF
New York

180 HP conatant spead englna, 100 tons cooling, 76 kW genorator

Aasufrglicns

O

Bohwoan 20-80 lena coaling, 75 KW
Batwesn 50100 tare cooling, genorater output varles preperlionally from 76 W down (o 37,6 kW
A1l enaling capacity, 100 tans, genaratar can outpms 37 5&W
7. Balow 0% cooling capacily, cosling ayatarm will cpche; only opemle genesler duriig hours when pan load coofing capaciy |8 sbowe 20%

Corgoldnted Edisen Rola Glll-Low Tansan

Basaling systom is ore slactis scraw chiller, 0,75 kaitan {4,45 COP} required by ASHRAE Standard 901-1939

Hybed syslsen |3 gas angine cocling {1,468 COP, 0,02 slectic parasites] and pincins mciprocaling cocling (D72 Kdion)
150 HP gas anging runs at constant speed and fual conaumplien whan cooling needad Surng on-peak parad
1,267,530 Bfuhr fual consurmption for 150 HP engina based on average fuel usagh for Teco CH Soros chillars
Constar apead, vaslabl outp genemics with 75 KW capadty
. Crvenaized snging has HP availoble fo oparats o 75 kW ganealor as fofows

On-Paok pedod - BAM o 6P weakioys, Al yaar
Mid-Peak pafod - A5M ta 10PW weakiays, all yaar
of-Faak perod - all olhor haws

Charges are additive

Hnd o crapte S mid-peak perad

| handls addithve demend charges

Damand, 55w Bummar \Wintar
Al Hours - All Duya ] HE T
On-Peak 1247 o
Wi-Faak 1105 LEE ]
Energy, 5.KWH
Oin-Paak 010441 0885
All ciher hous 0,053 0.0478
Broaklyn Urion Rate 2
Ennrgy, $tharm
Firat & thnrma intal 225 225
Mt 34 0,54B84 1.01114
All oihar 0.ESES4 GT73at4
Broekiyn Unlen Rale 4-B Gas Cooing
Firgl onn, total .65
M 100 0,Bapa4
AR alhar TETO4
Maminal arargy coats used in analyEs
On-Pank Domand Chargs 1247 S
On-Pank Ensigy Cost oAD4T B
GET2E4 Sthoem

Gua Coaling Hafe

oS BHESEES3838

Constant Spoed - Vardabla Tulput Ganerator
A8 HP Englea = 130 Tons Cocling + 76 kW Danawiar

20 &0 L] L= 190 T

[ isusts Befow arn far o hyhrid cosling systams whasa gns cocling apatates during on-pank hours, elactriz coaling all olber ours

Bufiding

Energy

Usage

KWWh

Jan 80477
Feb 45,003
Mar 50,525
Agr 44,811
Moy 54,201
Juna 59,637
Juty 64,873
Aug B, 3587
Zopt 8,159
et 62,053
Mo 48,146
Dot ADLEZE
Torisls B4E.821

Budlding
Buliding”™ Dernand Durlng Avalded Elociric  Efectric  Additional
Bullding Darmand Peak Perfod Demand Elecirictty Additional Demand Energy — Gas Cost
Darmand During  Wih Generator Ourlng Generated Enflne Coat Coat o Run
Peak Perled Operating  Peak Perod Gan Savings Savings Englne-Gen
W L] KW W kWt 1Herms H 3 H
663 .3 3.3 0.0 -
B i A .0 . - - - -
1210 108.5 85 8 110 L] 110 134 70 7o
118.1 1071 258 11.8 1.860 T 140 172 {187)
1316 104.2 =L 07 10121 1.643 130 1,054 11,084
85,0 107.3 a7 156 1645 234 180 1,809 {1,588)
ivin 1082 564 464 14,663 2,064 5ra 1,538 IR
1684 i0r.2 54.5 S17 16428 2375 842 5740 11,596)
1B5.T D48 w51 118 134023 1,976 145 1,358 11,328
i 1046.8 U6 11.3 Ba25 1,458 138 526 (8B T)
1136 1024 856 88 ars i E3 T (B2}
ey &3 e 0.0 - - + - -
81.551 12,78 2170 8,484 (832
Summary Annunl Energy
L]
Baseling Electic Cacling Plan 83,081
Hylbid Coaling Plam 8045
Savings 7,024
Adddanal Savirgs with Ganaralor 2,337
Total Savings BAT3
Savingaiton instalied Cooling oy

Knnancie & s . e T e

et
Add'l
Savings

126
125
ag
228
G54
a4
m
fai]
T

2,337

Humber
Haurs
Gonnrator
DOperating

15
208
210

181
118

1124

Avaragn
Generatar
EMelmney

%

19.0%
20.3%
2%
6%
L3563
23 8%
A1.8%
20 8%
18.0%

Avaragn
Generator
Moy
Qutput
EW

&©a

oo
76O
T50
TR
T8
E@.8
Tt
o
5.0
750

oo

TZ8

Ary




Retall Store, 32000 SF

New Yark
160 HP constant spead englne, 100 tens cooling, 76 kW generatar

Generator oparatas all on-peak hours
Assuirmlions
1, Basoling sysiam is one sinciris serew chiller, 0,75 Ko (4.45 COP} required by ASHRAE Standerd 80.1-1959
2, Hybrid ayslem s gas engne cocling {146 COP, 0,02 alectric parasites] and electric eciprecating coaling (0,79 kKAWAEn)
3. 150 HP gas angina runs ol conatard spaed and fesl consumpion curing an-peak parkd
4, 1,387 500 Brumr fusl consumplion for 150 HP engine based on gvorege fust sage for Tece CH Senas chdler
5, Censlan apaed, varabie output genarales with 75 KW capacity
8. Cwarslzed sngine b HP avallable 1o oparata & 75 B genomicn as folows
Bntwean 0-50 jons coofing, 75 EW
Balwean 50-100 tane cecling, gonerator culput varas propartienally from 78 K0 down 1o 378 kWY
A1 Tull cooling capncity, 100 fans, geEnarator eon catput 378 KW
7. Bolow 20% cocling capacity, coaling syatem will cycle; only eperale genaralor during haurs when pan kaad coaling capacity |3 abave 20%

Camnsokdatan Edison Roba S-lllLaw Tonslon

Deamand, £ Summer Winles
A Hours - All Diays BB 37 On-Peak period - DAM 2 BPM weakdays, All year
Cn-Peak 1247 L] Mid-Pank padod - BAM i 108M weahkdnys, all year
Mid-Paik 108 1788 Cit-Poak periad - nll cther houns
Chargas s sddtive
Enangy, 5 kwh
On-Paak 9.1041 0.0385 Had 1o crapta tha mid-park periad
All ather houes 0,0523 0.oavd o henda eddtve demand changes
Broakiyn Lirion Rato 2
Enargy, Snhamm Conatani Speed - Variable Oulpul Gonarator
Ficst 8 thorms, ioial 24 225 150 HP Engine + 100 Tons Cosling + 78 bW Oesaratar
It 84 0, BaBG4 101114
All othar 066664 072814 100
o
Bmcklyn Unizn Raie 4-8 Gas Cacling B —
First ane, falal 20 65 s ——
Mead 19§ 0.BA054 B
#1l othar 067254 B \\
an
Mangnal ensrgy coats used in anatysls ?g P =5
On-Poak Domand Chamge 1217 8w 1] ' -
On-Peak Energy Cos 01041 S b b P a1 i s At
Gins Caoing Rale Q67284 Sthorm

Resuits below am for o hybed coolng systems whena gas cotling operains durirg cn-pank hours, plectic codling ai alher hours

Bullding
Duilding  Demand During Avalded Eleciric  Electric  Additional
Buliding Building Drmand Paak Perlad Demand Electriclty Additional Dermand  Energy  Gas Cost
Energy  Domand Durlng  With Generatar Durlng  Generated Engine Cost Coat o Aun
Lisage Pexk Parkad Operating  Penk Perlod Gins Savings Savings Englie-Gen
k¥h K KW L [ EWh therms 3 4 [
Jan L 28,3 BE2 na 750 18,500 a,083 13 1,718 [2,053)
Feb 45,091 5.3 B2 na 745.0 14,250 2,838 13 1,483 (1,773}
Mar 50,525 1310 1046 35 7EO 16,500 3,043 g3 1 (2,047}
Apr 48,811 1181 107.1 321 750 15780 2,836 513 1840 {1,941}
Koy 54,201 13756 106.2 e a7 168,456 2,806 BET 1.7 |1,887)
Jung 59687 1950 107.3 457 B8 15,508 2,344 TED 1514 1.677)
Juiy 84,873 1710 08,2 g4 450 14,503 2,098 570 1,508 {1,412}
Auig B4, 357 1045 4 i07.2 E45 g7 16,428 2,375 547 1710 11.698)
Sap 50,158 185.7 1068 51 548 13,668 2,101 B 1428 11.413)
Dt £2,053 1268 108.8 L] ¥5.0 16,500 2,860 B3 1718 11.624)
Mow 48,145 1138 1024 74 75.0 15,000 20T 3 1,663 11,064)
2l 41,830 1107 563 213 8.0 15,0800 2776 813 1,562 {1,BE7)
Toinls B89 1B6,281 31,748 9878 18353 121,355
Sismmary Armual Enangy
]
Basslne Baciie Cooling Plant 3,081
Hytirid Coolirg Fiant B, 045
Savings 7,038
Adgitional Savings with Generaior 7,018
Total Savngs 14,882
Savingaton Installed Cacling 148,52

Anpnedly & vie . Bamplied S0 " Al P

et
Addl
Savingn

5T
613
563
811
TIr
Tar
BB+
754
Bdd
T
B0
EQB

7018

Niember
Hrrrs
Genarator
Operating

23
164
25X
240
it
240
210
230
180
0
200
00

2,620

AVEIRge AvVerage
Generfor Generator
Effclency Haurly

Quitput

% L)

00

4.0

18.6% T80
18.8% TEO
201% 750
21 4% R
230% (R ]
216% T4
22 T2
18.7% TED
18 5% 150
oa

20,05 T34

AR7n01




Retail Store, 32000 SF

MNew York
180 HP constant speed englne, 100 tons coaling, 83 kW generator

Aasiarglions
1, Batsind sysiam is ore lecric scrw chiler, 078 BYWicn (4.45 COP) required by ASHRAE Slandard $1,1-1590

2, Hybrid system is gua eqgine coaling {1.48 COP, 002 alechic panasitics] =nd eleciic recprocating cooling (078 Wion]
1, 150 HP gas arsgnn nirs sf constar speed ord fual consumpticn whaen coalng nescsd during er-paak piod
4, 1,387,500 Bouhr fusd congumptian far 150 HP angine based on avaikge fuel usege for Tecs CH Sarins chiters
5, Constant 1paad, varasle output generabor win B3 kW capacty
% Owwersized engine hos HP ayallnble io aparabe a 83 KW gonemior as lolows
Batwaen 20-25 iora coakng, pensrator outpul constang al 83 kW
Babwaon 25100 fons cooling, generator outout varles paoparianally fram 83 kK& down 1o 37.5 kW

Al hdl eocling sapacity, 100 lons, penamtor can outpat 375 KA
7. Baltw 20% cooing capacty, coolng systam wil cycie; ooy cparnbe ganernior during hours whin part Iped cocling capacity s nbava 20%

Cerueddaing Edson Fabe 8-0kLow Teqson

Demand, $4W Summar Winler
Al Hours = Al Days L) 3147 Cn-Pank peroc - BAM o 0P wibokdays, All yoar
OrrPank 1237 ] Mih-Pank patng - B b 0P wonkidags, all ypear
Iad-Pank 1105 17.88 {tf:-Pank panod - sl cthar houn
Chapas ara nakdilhos
Enargy, 500
OrrPaik 01349 o.0eas Haed 1o crnsin th mid-pesi, parod
Al other hours il ed oo4rs {0 hande addiive damand chames

Brazsklyn Uricn Ratn 2
Ermmgy. &thamm
First @ tharms, ictal 25 2.8

Constant Spond - Varlabie Qutput Genarntar
180 HI* Egina » 108 Tons Gacling » 93 b fanarstor

Mot B4 .84004 109114 100

All ol 0, GG 072914 b f— =
B ..N\\__

Brosklyn Uricn Rale 48 Gas Coalrg T L S ..
First orvn, bl 20.88

Hext 169 n.B40e4 b
All olher LT 284 50 =
a0 “"\...._
an
Cri-Pask Daenard Chage 1217 2w 1 -
CrrPeak Energy Cosi Dol B 10l = —
Gas Cocling Rata DA7IEL Shhamm o
] 20 449 -] Al 1o 20
Flassailis selow am for a hyanid coalng syEiams wiees gra cooing cperdes duting of-peak hous, alectrz coakrg all othar hows
Bulkding
Building Demaend Durlng Avoided Elactic  ERlactric Additional
Building Buitding Dearmared Pank Parlod Damand  Elaetriclty  Additional Oemznd  Emargy (Giax Caost
Energy  Demand Durng  With Generator During  Ganarated Engina Caoat Ciand R Fuin
Ussge Paak Period Oparating  Paak Parod Gas Savings Savings Englne-Gen
Kih kvt W W W K¥h Elsarms % 5 3
Jan BOATT 5.3 .3 a3 an - B . . .
Fakb: 45,093 &3 a3 B33 0o - - s < Z
M £0,525 0 108.5 F5a 11,0 [-x g 118 T34 By {Tay
AR 48,811 1181 1371 BS54 11.5 2,044 T 1440 213 {187}
My 4,201 ars 108.2 654 10.7 12,008 1,829 13 1,253 {1004}
Jur 23,007 1850 1073 8.7 15.6 17,880 231 180 1,041 {1.588)
July &4 873 R ra kil 10482 E9.5 4.7 15,478 20e 585 181 {1,447
A B4,a57 1BA4 1072 547 515 17,684 2,378 h31a 1,828 {1,508
Sepl 50,158 05T 1089 BE 11.8 14,558 1078 145 1,548 {1,329
(=] £ 053 128.5 100.9 nsa 11.3 10,641 1,458 138 118 128
Fay 48,148 1138 102.4 456 8.8 B37 121 03 uy faz)
Lot 419,820 "oy 843 DE3 a0 . - - - i
Tola's [FLN: 2 2,437 f23Te 2168 B2 8,321
Sarmmary Ennual Energy
3
Basaling Elnciic Cocling Planl 83081
Hybrid Coalrg Plart BED4S
1] 7034
Addilional Savinga wish Goraratar 3402
Tatal Savings 10,409
Savingrtan Instnbed Coolng 0464

Armnrncn & vy - Fes i IRNUEE Ty

et
AddT
Savlngn

143
164
284
483
TEA
BED
383
il

ag

1,432

Mumbar
Hpars
Genaralar
Operating

a2
135
a9
210
230
181
118

1,124

Average
Ganaratar
Effictenoy

Average
Generatar
Hourly
Ousput
kW

oo

an
xR
2
Ba5
848
LN
188
o1
"
BAD

oo

15

wRAMN




Retall Store, 32000 SF
MNew York

150 HP constant spead englne, 100 tons cooling, 93 KW generater

Generator operates all on-peak hours

]
i

L N TR

Batwnen 025 tons cooling, ganersinr cuiout consland at 83 kW
Baktwaen 25100 tons cocing, panardbor aulpul vares propetionaly frem 23 kW down 1o 37,5 W

At bull coaing capastity, 100 tana, genoreicr con output 3186 KW
7. Balpw 20% oogbng capncsy, conling spstem wil sycla; only epsfsin gensmtar dunng howrs whaen part load cocling capncity is aboos 20%

Consolidnfed Edison Fate 8-11-Lew Tarsicn

Damand, Sk Suiffiftar
All Hewrs - AN Dags BTE
Or-Paak 1217
Mid:Poak 1.5
Enargy, $104%
Ciry-Paak 9,104
All other hous 00523
Breaklyn Union Fate 2
Enargy, Btham
First & tharma, talal 225
Moxl 54 0840884
All gfhar 0pesad
Breakiyn Union ot 4-B Gas Cooling
First one, iotal 0485
Mt 198 0.BdRad
All esnar 087204
On-Paak Domand Chamga 12,47 B
On-Pank Enongy Cost . 0341 3
Gns Cooling Aale 087284 Eharm

WViinbee
a7

o
1704

DO8ES
0478

225
1.01114
nTa014

Duseling 1yslem s ong aleciic scrws chiler, 3,78 Kwiton (4,45 COP) racuired by ASHRAE Stardand 50, 3- 1650
Hybrd syssem (s gas angna coolrg (1,48 COP, 002 alscirc porasfics) and aloctric rciprocaSng cocling |0.FE kWion)
150 HP gaa engine nans ot constan| spaod and fusl consumption duiing or-peak pedod
1,287,500 Btwhe funl consumption for 150 HP sagine based on nvarnge huel usage for Teco ©H Series chilers

. Consiart paed, variakie oulpul gorsrator with 33 KW capacity
Chvarsized angire has HP avaiable b cparale a 83 kW ganaralor & fafows

On-Paak padiod - BAM 1o AP weskiloys, Al yoar
Mid=Peak pariog - Bak) o 1074 wenkdays, al year
ON-Paak paricd - 8 ofhir houm

Charges am additve

Had ta crenta the mid-peak perod
e hardla adotve damaend changas

Constant Spead - Varinble Quiput Gonerator
150 HP Enginm « 108 Tona Cooling + 53 W Omsaraior

e
T,

cEBBEE58HE83

0 40 L Ao 100 130

Raosuts beltw & for n hybid cocing systems whoes gia eacling opertes during on-peek hours, aleciis coafing all aiher hiws

Jan
Feb

Judy

Tota's

Ballding
Bullding  Damand During
Ballding Baliding Demand Poak Pered
Enargy Ceamard During With Gansrabar
Usaga Paak Perdod Oparating
Wit ] [ L)
EOATT ] .3 33
45,083 5.0 823 33
80,525 ;A 108.5 1335
45,011 AR1-R 1T 141
4,201 1374 108.2 139
59487 1850 173 A4
B4, 0TS a4 1048.2 e
B4 3567 EA 107.2 847
58,159 08,7 108.9 683
82 083 1.5 108.9 230
A8, 146 1130 102.4 B4
LN bl 0.7 883 33
48,021
Bumimary
Bassing Eleiie Cociing Plan
Hytwid Coaing Plarg
Savings
Additiona? Savings weh Gananier
Total Savings

Savinfanon |nsinfied Cocling

Arsndin A ¥y - PR NP Aess Al DnAk

Avalded Electric  Elestric  Additlonal
Demand Electricity  Additional Demand  Energy Gas Cost
Durlng Qanaratad Englnas Cuost Corat 1o Run
Panh Parlcd Gas Envings  Sauings Enqine-Gen
L) kW¥Wh tharms 3 3 H
030 90480 1,053 1,132 2,130 (2,053
820 17,870 2,638 1432 1630 (1773
ekl 0,480 3,043 1432 2,130 (2,047}
B30 19,528 2,604 1,532 2,033 (1,847}
a2 19,684 2,804 a1 081 1,087
814 17,77 2,344 74T 1.853 (1L.57T)
407 15,478 2,003 584 1811 [1.412)
55 17,684 2,375 a3a 1,833 1,528}
614 15,70 2101 am 14835 11413
LY 20,334 2,880 1432 217 11824}
3.0 168,800 2,7 113z 1.036 {1.864)
3.0 18,000 2078 113z 1,838 {1,887
2322685 3,748 11208 33,128 (21,355
Annusd Energy
5
3,081
0 045
7.0
13.089
20,108
201,05

et
Addi
Savings

1,208
1,108
1,215
1,234
1,088
1,020

Tan

CE

851
1,218
1.204
1201

131,089

Humber
Hours
Deneralar
Oparating

=20
180

210

210
Ha
230
180
220
200
200

2,820

AVIFS[S
Generntar
Enicienoy

k]

23 9%
23.1%
4. 3%
25.5%
i5.2%
h A%
25, 5%
214.3%
220%

23.6%

Avarsge
Generabor
Hoaurly
Output
W

oo

oo
xR
aon
248
B4a
TAT
|
818
B4
w0

Lk

ez

AN
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Retall Store, 32000 SF
New York
200 HP constant speed angine, 100 tons cooling, 112.8 KN genarator
Generator operntes all on-peak hours
Aagurmglions

O th b Eb R o

Eetaran 0-50 Lons coalng, 112.5 KW
Batwenn 50-100 fana cooing, ganemdar outpul varies propoticnndy from 192,65 KW down to 75 kW
At full conling capacty, 100 fans, gennrmior can output 75 KW
7. Balow 20% cooling capacily, cooling aysiem will cyce; oniy cpernle genermtor during hiours whah pait Bl G lng canacy i1 above 209

Cenzolbdated Edison Rate 9-0)-Low Tensicn

Camand, £

All Hours = Al Days

Orr-Paik
Mid-Pank:

Eneigy, 5.Wh
On-Pank

Al athes hours

Brockhm Unson Rals 2

Ennrgy, Stherm

Firs1 & Sharms,

oanl B4
All athar

tednl

Deesfyn Linkan Rote 4-8 Gas Cooling

Firsl oon, talal

Maxi 193
All othar

Morginal enangy corts usad in anatyss
Orn-Paak Damard Chags
OrePaak Enargy Cott

Fasuts Salow ane 1o 8 hyand coaing systams whars gas cocling aperabes durng ar-feak heurs, alecine coalrg all othar hows

Jar
Fab

Apr
duna
dusy
Aug
Eapl

How

Tolals

Gas Cocling Rate

Bulkding
Enargy
Uisagn
KWh

80,977
45 pEy
E0 525
48,811
4,201
59,857
£4,873
£4,35T
3,189
52,083
49,1448
43,628

00,827

Bullding
Ballding Damand
Demand During
Pask Parlod
L1 LiLs
363 Ba.3
A3 03
1210 108.5
1181 1T
1374 1062
1954 1073
1714 1082
1084 1072
1857 1089
1205 108.9
1138 1024
T 3
Summary
Basakn Elnciic Cagling Planl
Hybrid Cealng Plant
Saving

Summiar Wlnles
8.70 347
1247 a
108 17.89
Rt 1] 0845
0.0523 a4
225 225
04884 101114
0 el aTzatd
2085
004584
1K, "
12T B
10471 Bdivh
Q.67204 Stherm

Building
Demend Curlng
Pank Paricd
\With Generator
Operaling

W

og
o
[
oq
og
B2
Fal:]
17.0
1748
aa
oq

Addtinral Smvings with Genarador

Talnl Sadngs

Sxuingatan Instaied Cocling

Ernnredi & ¥l . BonifeanrE, 4 kgl Pk

Baselna systom s ons aleciie acrmy chiler, 0.7 Kaon (4 48 COP} requited by ASHRAE Slandard 82.9-1900

Hytrid systemn is gos engine cooling {1.48 COP, 002 elecwris pamatics) ond eleciric mciprocating coalng (9.79 K&ian)
00 HP gas argian s a3 constant speed and fusl consumption duing or-peak poriod
. 1,080,000 Brahr fusl esnpampsen for 200 HP anginn based on mvemga fusl imngn far Tete CH Serles chillars
Content speod, varabie awtput genarmiod win 112.5 kWY capacity

Orodcsiosd enging has HP available io operata 1126 BYW geranator a8 follows.

Or-Poak patled - 8AM 0 8PN waskdays, All yaar

Mid:Peak paried « 8AM 1 10PM weskdays, 21 yoar
Off-Paak pancd - all othar Faure

Charges or sdditve

Had 10 erasln o mid-pank pericd

o Fanda ncdive damand charges

Aveited
Darmand
During
Pank Parlod
W

. I
- B
1.5

Constant Speed - Variable Dutput Generator
A0 4P Ergins + 108 Tons Coaling + 11185 WW Canarated

120 4
o

ih}
&l

il e

2
a

20 40

&

Elsetrinlty  AddiBonal

Ganaratod

Englra
Gas
Iharma

4,070
3,515
4,081
3,857
3,023
33a
3,07
3,433
2578
aarr
3468
3,700

43,403

Electric
Damand
Coat
Savings

1472
1,172
1,254
1302
1263
1207
1.0
1,088
1.087
1,30
1.240
1172

14373

Electric
Enargy
Ceal
Bavings
1

2,994
1,892
2,98
2,902
2,280
2273
2238
zATT
2025
2378
4.98%
1.988

26824

an 100 120
Addilonael Blat MNumbar Avarage
Gas Cost Al Hajars Tanerater
ta FHun Savings Camerstor Eflslancy

Engine-zsn Oparating

5 5 T
(2,738 B3 i) T
[2,204) T A8 1T.AN
(2,731} 5 i) 17.7%
(2,554} BN 210 17.8%
[2.572} 1,001 320 18,0%
12,220} 1,250 210 72.5%
2,008} 1,187 240 300
{2313) 1,262 230 ki
{2,004 1,408 1890 23%
{2.808) an =20 18.3%
17488 745 00 17.8%
12405 a7t a0 T8N
(28,15%5) 11,102 2,530 1REWH

Avaraga
Garmrator
Haurly
Chtput
kW

ah8
5.7
957
842
g8
104.0
02,3
15
1024
055
954
a8 5

28,8

A7




Retail Store, 32000 SF
New York

160 HP constant speed-variable load anglne, 100 tens coollng, 35 KW genorator

Generator operates all on-poak hours

Aasumpiond
1

]
il
&
B
T.
8

. Chiters sizad al 103 tors

Conaclidaled Edison Rade B-H-Low Tonsion

Domand, Sk
Al Hours - All Days
DOr-Pank
Mid-Foak

Enargy, 5.kWh
On-Fank
Al e hau

Beeaaklyn Urion Rase 2
Energy, $Anarm
Fimt & thorma, intal
ot 84
All afivar

Bracklyn Unian Rate 4-8 Gas Coolirg
First ana, tatal
Mext 129
All ofhar

Mamginal anargy coals uaed i anolysls
Cri-Paak Damand Chargn
COn-Poak Erargy Cost
Gas Cacling Rata

Canrstant spoed, constand auipal genecetior with 35 KW capaciy
Errgine fusl cordumglicn veraus % inod tnkan from perfarmancs dota o GM 7.4 Lilsr angine
Below 20% cocling caqnsily. cooling systmm will cyca; generalnr opanmles durirg all on-poak hours

Sumimear \wAntar
Q.74 3137
1217 o
11.06 7.6
LER[E ] 0.04888
0.0523 0.0478
225 22.5
0.84864 101114
1 BEER4 DLT2E4
065
0.84544
67284
1247 2N
Di04sq B
{67284 Snharm

. Bassling sysiem |§ one olocric screw chillar, 0,79 KAADn (445 COF) requimd by ASHRAE Standard B3,1-1646%

. Hybrid sysiom is gas engine coaling (1.48 COP, 0.02 séeciric pamaltica) and slectic recorochiing coaling (078 kihian)
150 HP gas enging runs a2 constant speed and varfatle culput during on-pask pedod

A 1,387,500 Bty fupl conaumption far 153 HP enging based on ovarsge funl usage far Teoo GH Sorios chitars

On-Faoak parkad - BAM |0 8PM woslcdays, All yrar
Mid-Peak pericd - BAM 5 10PM waskdnys. all year
Off-Faak partod - &0 athor hows

Chargos are addilive

Had 1o crasle tha mid-peak parod
o handin acditive domand changes

Cn-poak and mid-peak overinp, oo Usa onpeak demani cast

Hasull below &re Tor 8 ybid coging systems whets Gas coaling opembas during an-pank hours, slecidc cocling &l alhor baurs

Bullding
Bullding  Buliding Demand
Energy Demand During
Usagi Feak Perlod
EWH KW W
Jan 53177 BE3 6.3
Fab 45,003 BGa e
Mar 50,525 1210 106 5
Apr 48,811 1181 1071
Moy 54,21 1378 1062
Juni &5 68T 165.0 197
Judy 64,873 i71.0 1062
A B4,357 1684 1072
Sepl 58,1589 1657 1068
Ol 52,063 1386 1068
Nay 48,148 1138 04
Dsc 4,828 1107 BE3
Totals 646,921
Summary
Bpasaing Electric Cooling Plant
Hybeid Coaling Plant
Smvings

Bullding
Demand Cering
Penk Pericd
Wiith Generator

Operiing
W

B1.3
B1.3
7.5
T
72
723
7.2
72,2
e
e
ET.4
E1.3

Addisonal Smings with Chil+Gen

Talsl Sovings
Savirgaion Installed Cooling

Brnnicy  vE . REe e SRR g 2] MinPl

Avalded
Demand
Durlng
Peak Perlod
W

460
5.0
350
350
350
350
35,0
5.0
as.0
35,0
35.0
a0

Areual Enangy
3

B3,087
£49,045
7,058
4113
11,140
111.40

Electricity
Qanorated

K¥Wh

7700
B850
7.100
7.A60
7700
7.350
750
8,050
8,650
7,000
7,060
7,000

B3,200

Electric  Electric

Addittanal Demand  Energy
Englne Cost Cost
Gins Savings Savings
tharms 3 3
1314 A28 pilir
1.135 426 682
1278 428 filer)
1,261 A26 TBS
1,340 428 a0z
1,249 428 765
1,21 428 765
1,367 428 kL]
1,135 428 682
1,324 a4 BI2
1,204 A Taa
1,154 418 728
15134 LRRRI 0,182

Addtional Oas ve. Varable Spesd Coofing

Agdtiarml Gas 1o Bun Ganarolor

Additianal M
Gas Cost Addl
to Run Sawings
Chil+Gen
]
(B84} 344
{783 355
(A7) 341
{E4E) 343
(1) 326
(B40) a5
{B55) 135
(i) m
[7E3) 955
[ae1) a7
[(atoy A48
{203} 51

[1E1Bd) 4113

1142 iherme
35.51% mom
13891 therms

Humber
Hours
Ganerator
Operating

20
180
20
210
o
Fal)
210
230
180
220
200
200

2,520

Aveorage
Generaar
Hourty
Dutpist
L

5.0
L0
ED
5D
1)
50
35.0
50
35,0
L
LT
350

as50

AR
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Appendix B
Detroit
Annual Energy Usage, Costs and Savings
for Various Cooling Plant Scenarios

for Retail Store with 100 Tons Cooling



Detroit Annual Natural Gas Use
for Various Cooling Plant Scenarios
100 Ton Retail Store

80,000
100 ton retail store in Detroit has 2322 hours of cooling;

70.000 858 hours are during the on-peak period, noon - TPM, weekdays

O Gen Set

60000 —mMm——— B Engine Chiller
| @ Space Heating + DHW
50,000 - - AR S |

40,000 +—

30,000

20,000 + ‘

Natural Gas Use (therms)

10,000

0 -




Detroit Annual Energy Costs
for Various Cooling Plant Scenarios
100 Ton Retail Store

90,000

100 ton retail store in Detroit has 2322 hours of cooling;
858 hours are during the on-peak period, noon - 7PM, weekdays ® Electric B Gas

50,000

70,000 -

60,000

50,000

40,000

30,000

20,000

Annual Energy Costs ($)

10,000 4




Detroit Annual Savings Versus All Electric
for Various Cooling Plant Scenarios
100 Ton Retail Store

14,000

100 ton retail store in Detroit has 2322 hours of cooling;
858 hours are during the on-peak period, noon - TP, weekdays

12,000

10,000 _ﬂ‘lEnergy Savinps - : -

B Savings Incl. Maintenance

8,000

Annual Savings ($)
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Retail Store, 33000 SF

Detroit
75 kW natural gas generator

Assumplions

1. Buiiding coaled wilh ono sloctric scrow chiller, 0,78 KWAWAon (4,45 COP) required by ASHRAE Slandard 80.1-1088
2, One englne-genergtor sel operaing during an-peak hours ot full oulpid
3, Engine-generalor fugl inpul efclency ai full Inad, 25%

4, Genemior capacity, 75 KW

Datrolt Edizon Rate DE-TOU Primary Sendcs
Darmand, $HW
Far Primary Sarvica
On-Fonk
CH-Prnk

Energy, $xWh
On-Paak
Of-Peak

Michigian Consolideled Gas Ratn 1
Energy, $them
All tharma

Sarginnl onergy costs used in anelyais
On-Peak Demand Charge
On-Peak Enaergy Cost
Gas Coofing Aala

Summear Wintar
375 s
14.25 14,35
] o
0.0 0.0254
0.0288 0.0268
047ETR QAT
14,25 g
00286 2%Wh

04TETE EAherm

Residls halow are far an alectis coaling plen with engine-penarslor operaling during an-peak hoers

Bullding

Bldg. Demand Bemand Durfng Avalded

Busllding Buliding During Paak Pariod Damand

Energy Damand  On-Poak Pedod  When Genernior During

Usage Cpoarates  Paak Poerlod
kW KW ki KW kW
Jdan LR r ] 100.7 0T 257 75.0
Feb AT.251 1007 1007 257 750
Hner 52,713 1258 1182 44,2 750
Hgr 51,128 1313 1313 56,3 T5.0
Wiy 58375 185.8 1658 0.8 750
Juna 72,180 191.5 191.5 1185 5.0
July 781890 1918 191.8 116.6 75.0
Aug 78204 1761 1751 100.1 5.0
Sapt 85711 196.3 1703 853 750
Ot 54,997 1401 138.8 aae 75,0
Mo 50,728 141.2 1412 aE.2 75,0
Dec 52128 1007 100.7 257 75.0

Talals 713,218
Summary Annual Energy
5

Baseline Eleciis Gooling Plant 71,050

Havinga fram E-3 Oparation 8,420

Resised Aanusl Enargy Cost 62,8521

Appendic B s - Reaulis-Thow GenOnBk On

On-Freak prenod - Moon bo TRM wookdoys, all yess
Qi1-Peak pedod - 08 olher heisrs

Electric
Etectricity  Additional Damand
Grnerated Engine Cont
Gas Savings
KWh thorms 5
11,550 1.577 106GH
9875 1,362 1068
11,550 1577 1066
11,025 1.505 1088
11,4550 1677 1068
11.025 1.505 1069
11,025 1.505 1069
12,075 1648 1069
8475 1.6 1069
11,5850 1.597 104581
10,600 1.433 1069
10,600 1.433 1068
132,300 108,002 12825

Eleciric
Energy
Cosl
Savings
S

242
245
442
328
242
328
328
357
ZB5
243
an
an

ame

Additional
Gas Cost
i Run
Enpgine-Gan
5

75
(G40}
(T52)
(T18)
(753)
e
710
{788)
{843)
{782}
{ER3)
(63}

[B,612)

Mot
Add'l
Sayings

¥

858
T4
A58
:ril
ass
are
677

Ti6

i
G396

B1Z8

Nurmber
Hours
Ganaratar
Cparating

154
133
184
147
154
147
147
181
133
154
140
140

1,784

Numbor
of Hours

1]
Cn-Peak

154
133
154
147
154
147
147
161
133
154
140
140

1,764

Averags  Average
Ganorator  Gonoerator
Efficioncy Huurrly

Cutput

% KW
250% 760
250% 78.0
2505 150
25.0% 5.0
25.0% 150
25.0% 75.0
25.0% 5.0
25,0% 75.0
25.0% 75.0
25.0% T80
25.0% 75.0
25.0% 5O
25,0% 750

it il




Retail Store, 33000 SF
Detroit
112 kW natural gas gonorator

Agsumptions
1. Buillding coaled with one eleckic scew chiier, 0.79 KWAon (445 COP) mequired by ASHRAE Stondand G0.1- 1065

2. One englpe-genemabar set operaling dudng on-peak hours of full output

3, Engine-generutor fusl input efcency al full loed, 25%

4, Gonamlor capmcily, 113 KW

Detreil Edison Rate D8-TOU Primary Service

Damand, $HW

Far Primpry Service

Cn-Ponk
Oil-Foak

Energy, §xWh
Om-Fank
Ct-Prnk

Michigan Consclidated Gas Rala 1

Enurgy, $hesm
All thams

Karginal enegy cosls used in analysis
On-Peak Demand Chirgs
On-Peak Enargy Cost

Gas Cooling Rota

Summear ‘Winder
7s a.7s
14.25 14.25
] a
0.0z68 00250
0.0268 00288
047878 D47ETS
14.25 SWW
0.0296 $kWWh
0.4TETH Stharm

Reaults below are far an slectrio cooing planl witl engine-genarator operating during on-poak howurs

Jan
Faty
Mer

Aar

Juna
Juzy
Aug
Sapl

Todela

Buliding
Energy
Usags
kWh

52,522
47,251
52713
51,128
59,375
T2.180
78,180
78,208
a5.721
54,187
50,726
52,126

713,316

Bldg. Demand
Building During
Demand  On-Peak Prriod
KW kW
1007 1007
1007 1007
1259 182
1313 133
1658 1658
1.5 181.5
i91.4 1818
176 175.1
1.3 1703
1401 13838
141.2 1412
1007 100.7
Bummary
Baseling Electic Cooling Flant
Savings from E-G Operafion

Rewised Anrual Enargy Cost

Apprendix B s - Resulls-11 2w Gen-OnPi Op

Buliding

Demand Durlng HAyoldud
Penk Parlod Demand
When Ganerator During
Qperates  Peak Perod
W K
(1] 0.0
oo 0o
T2 120
19.3 na.o
536 1120
T4.5 120
TRE 2o
631 1120
543 1120
209 120
0.2 &0
00 no
Annual Enargy

2
71,650
6,077
64,073

Cn-FPaak parod - Noon fo TPM weekdoys, all year

Cii-FPoak pariod - all other hours:

Eleciricity  Additienal
Ganaratad Englne
Gas
KW tharms
15,307 2,355
13,302 2034
15,363 2,355
14,680 2248
16,457 2,355
16,464 2,248
16,464 2,248
17,060 2462
14357 2,034
18,010 2065
14,048 2,141
13,890 2141
184 081 26,872

Elpctric
Demand
Cost
Savings
5

1]

]
1586
1588
1508
1508
1508
1565
1566
1354
15688

1]

14,364

Elactric
Energy
Cosat
Savings
5

454
354
455
443
488
487
487
533
425
at4
418
414

5472

Addltional
Gas Cost
1o Run
Engina-Gon
5

(1123

{870)
(1123}
{1072}
{1123}
{1072
{1072)
(1174)

(870}
(1123
(toz1)
(1021}

{12,BEH

ot
Add'l
Snvings

[56T)
{578}
irl]
a6a
a6z
101z
1oz
BES
1051
47

{807

B.arr

Mumbar
Hours
Ganarator
Operating

154
133
154
147
154
147
147
161
133
154
140
140

1704

Number
of Hours

in
On-Feak

154
133
154
147
154
147
147
181
133
154
140
140

1,764

Average  Average
Generator  Generator
Efflciancy Herrly

Output

k] KW
22.3% 100.0
12.3% 100.0
22.3% 68,8
22.71% 1.8
23.9% 1074
25.0% 1240
25.0% 112.0
24.8% 1.7
24.1% ara
23.3% 1040
22.4% 1006
22.0% aRB
23.4% 1048

41252001




Retail Store, 33000 SF
Detroit

90 kW natural gas generator powering electric chiller
On-Paak Cooling Hours Gnly

1. One engine-genemior sol aperating hours wien cooling mquired dusing on-pesk houra

2. Engine-generalor funl inpul efficiency ol full kad, 25%

3. Ganesator copaclty, §0 KW

4, E-G must oparsle b provide power o chillar any bme chilles cpermbes dudng an-peak pericd
5. Bullding cocted with electrc screw chillar, 078 kVWan

6. E-(3 provides power fog elactic chillar

7. Efficiancy af E-G vieias Trom 25% at 100% output (0 15%, al 25% oulpul

Dabroit Edista Rale D8-TOLU Primary Senice

Demand, S Surmmes Winlar
Faor Primary Sardica .76 375
On-Paak 14.25 14.25 On-Feak parod - Moan b TPM weeakdays, all year
O Pesk i 4} Ofl-Peak parod - all olhar houss

Enargy, $30h
On-Faak 0.0298 0.0290
Oiff-Fopk 0.02a8 0.02a8

Michigan Consolidmed Gas Rale 1

Enargy, $themm

All tharma 047878 DATET

Marginal anergy costa used in analysls

On-Peak Dompnd Charge 14.26 SN
On-Peak Energy Cosl 0.0206 &xWh
Gas Cooling Rate 0ATETE SAhemm

Results bedow are for an etectic coaling plnnt pownred from engine-pedaralon durmng of-pask hours

Bullding
Blig. Demand Gemansd During Awnbdnd Electrle  Electrie  Additional Mat Mumber  Mumber  Averags Average
Bullding Bulkding During Poak Period Doemand Electricity  Additional Demand Enamy Gas Cost Add Hours  of Hours Generator  Gansralor
Enargy Demand  On-Peak Perod  When Gonemtor During  Ganorated Engina Cosi Cost to Run Savings Genaralor in Effichancy Haurly
Usage Oparates  Poak Parlod Gas Savings Savings Engine-Gen Operating  On-Peak Chustput
KWh W ke L kW kiwdh thorms 5 ] 5 5 % kW
Jan 52,522 1007 100.7 104.7 oo . - a a a ] a 154
Feb 47,251 1007 100y 100.7 oo . - ] 4] a 4] o 133
Wit 52,713 1268 118.2 105.4 { g 45 10 186 i (54 152 2 {54 15.3% 725
Aar 51,128 131.3 1313 i09.5 Al 752 187 a1 a2 (B0} 254 3 147 15,48, 938
Wiy 56,275 16856 1858 1003 583 A250 EE anz a8 (280 810 101 154 18,3% 3.3
Jina 72,180 1015 1915 1082 823 5425 1,049 1172 a0 (B0 aAz 147 147 20,65 437
Jufy 78,180 1016 1604.6 108.3 833 7,285 1,127 1167 28 (537 HES 147 147 29 45 198
Aup TE,200 1751 1751 1084 85.7 7.0 1,138 B3 210 [543} 604 158 181 21.9% 440
Sept 65,721 1083 1703 1074 a7 4,057 o B4 120 {320 [GEL] ar 133 20.8% 418
Ot 54,107 1431 1369 1083 208 14841 346 421 Ll {165} 305 B5 154 16,2% 252
Mov 50,726 1412 141.2 108.0 323 s34 68 440 1 (23} 437 12 140 17 6% 708
Crec 52,128 1007 1007 0o 0.0 . - 0 [ o a o 140
Totals 713318 0,918 5,183 6ave s 2471 4,821 782 1,764 204% 4068
Surmmary Aanunl Enengy
5
Baseline Elechic Coaling Plant 1,050
Savings fram E-G Oparaticn 4023
Revised Annuesl Energy Cosl 6E,227

Aopendix B.xs - Aeaulls-Bokw Gan+Chill-OnPy L2001




Retail Store, 33000 SF

Detroit
20 kW natural gas generator powearing electric chillar
All Cooling Hours

E TR R g T

Datrolt Edizon Rale 06-TOU Primary Service

Demand, &

Fer Primary Service

On-Pank
Of-Penk

Eriargy, £XKWh
On-Pask
OM-Paok

Michigan Consolidmed Oas Rabe 1

Enargy, $Ahem
All thorms

Marginnd sy cosla used i analysis
On-Peak Demand Chamge
Ori-Peak Energy Cost

Gas Cooling Fadn

. Dna engine-generalor sel operating hours when cooing roquimd

. Engine-gensraion fued inpul eMciency al full lead, 25%

. Generalor capecily, BO KW

. E-G musl opemie o provide pewer lo chiler gy ima chiter oparmles

. Bullding cooled with efectic screw chille, 0.78 K¥Whon

. E-G providen pawer for electific chiller
Etficiency af E-G vares from 25% a1 100% output o 15% al 25% oulput

Summes Winbar
.74 174
14.25 1425
a 4]
0,0296 0.0284
002466 0,0284
DA4TETE DATETD
14.25 ShW
00298 Skh

D4TETS Sfham

FAesulls below ara far an alectic cooéng planl powtred from engine-ganeatss dufing coaling haours

Jmn
Feb

Apr

Juna
by
Aug
Sapl
Ot

Do

Tolnls

Buliding
Energy
Usags
KWh

52,522
47.251
52713
51.128
58,376
T2.180
748,190
T8.208
85,721
Saqar
50,726
52120

T334

Building
Demand

kW

100.7
100.7
1259
1313
1656
10915
1016
1751
1003
1401
1412
1007

Summary

Bldg, Demand
During
on-Feak Porlod

kW

0.0

0.0
25,8
131.3
165,68
1.5
191.68
1761
186.3
1401
141.2

oo

Banaline Electic Coaling Plent
Sawings from E-G Cperallon
Revigad Annunl Enorgy Cosl

Aneandiv F vy . Sy iteiNae Ran el L AT Pln

Bulking

Bomand Burlng Avaided
Peak Perlad Damand
When Generator During
Oparatas  Paak Period
KW KW

o.a o0

oo [+14]

1034 25

106.5 58

100.2 L84
108.2 B23
108.3 B33

1084 a5y

1088 BY.S

1083 aod

1068 5.3

o0 oo

Annual Energy

5

71.060

2428

an.722

On-Peak pariod - Moon to TPM waekdays, all year

Of-Peak pedod - all other hoes

Electricity
Gensraled

kWh

135
B4
0.864
18,845
23,570
20,788
13,59
2283

88,267

Additional
Englne
Gas
thisrms

an
167
132
3,284
38958
3,514
2048
453
108

15,232

Electric
Damand

Caost
Savings

8877

Elnctric
Energy
Cost
Savings
5

1]

]

4
25
203
558
Ti0
G615
414
ol
18
o

2813

Addifional
Gan Cosi
to Run
Engine-Gen
5

1]

i

{14)
{88}
{830}
[1568)
{188E}
(1875}
{1120)
{230)
(51)

4]

{7,262}

Mat
Addl
Savings

H

i
]
LR
and
a7e
154
i8]
{124)
540
77
46
]

2328

MNumbar
Houwrs
Gan#rator
Operating

Ydwao

228
505
588
523
344
1]
19
0

2,322

Humber
of Hours

n
On-Faak

2322

Must use demand savings from on-peak case and Snergy savings from thin cose

Average Avermnge
Grnarator  Ganoralor

Efficiency H
o

15.3%
15.4%
17.7%
19.0%
20.7%
20.2%
20.0%
168.1%
17.3%

18.4%

47132001

ourty
utpul
KW

228
228
304
373
421
w7
40.7
251
8.7




Retail Store, 33000 SF

Detroit

100 HP canstant speed engine, 100 tons cooling, 76 kW generatar

Azpumplions

=T AR

Datmit Edizon Rete D8-TOU Primary Senvicn

Domand, Sk Surner Winler
Far Primisy Senvice 375 T8
On-Penk 14.25 14,25
Oif-Penk o 0
Energy, 5kWh
On-Penk 0.0208 0.0298
OfT-Prak 0.0E6E OB
Michigan Consoliceted Gas Rete 1
Enpegy, $0hemm
All B o47aTe 47878
Snrgined energy casts used (i anasysis
Cn-Prak Damand Chamge 14.25 SHW
Om-Preak Energy Cosl 0.0286 S%\h
Gas Cooling Rete O4THTE SAherm

. Baseiine systam is ono alochic screw chiier, 0,78 kKAon (4,45 COP) requined by ASHAAE Slandard B0,1-1858

Hybirid systam |5 gas engine coaling (1,48 COP, 0,02 slectic parasitics) and eleclis reciprocating cooling (.79 EWitan)
10 HP s engine runs al constant speed and fusl consumplion when cooling needed duing on-peik pead

G26.000 Biuhr fual cansumplion for 100 HP angine based on average fuel ussge for Toco CH Sedas chillars

Constanl speed, vadable sutaut gensemtor wilh 75 kKW capacdty
. Aflar satishing cooling load, unusad engine HI 8ny hour can be used to ogarale gonaraior genemaics oulpul vades with wiused anging capsehy
Below 20% cooling capacity, cooling systam will cycla; onty operate gonermlor during kours whon pan load cooling capacily 8 abowe 207%

On-Fenk parod - Noon o TRM weakdays, all year
Qf-Peak periad - all other hours

Constant Spoad - Varlable Output Generator
100 HP Englne = 100 Tans Coaling = 73 kW Gendmdar

Residis baloy are Tor B bylbnd coplng systoms wharn gas cooling cperaies duidng on-peak hours, eleciie cooding &1 olher haurs

Bullding
Ensrogy
Lsage
Kwh
Jan 62,522
Fah 7,251
Mar 62,655
Apr 5080
May 54,678
Juno 61,058
July 68,347
Bug €247
Sepl 5T
el 52570
Now 50,305
Diec 52,126
Tolal 853,277

Bullding

Bidg. Demand  Damand Durlng Avoided
Huliding During Paak Parod Demand
Demand On-Peak Period  When Genarator During
Operates  Peak Pariod
W W kW kW
100.7 1600.7 100.7 oo
1007 100.7 100,7 [+ 14]
1175 108.9 100.7 82
114.0 1104 )] 1.1
136 6 111.8 BRA 1.4
164.8 112.0 104.3 T
17648 1115 1048 8.5
1559 1121 Tl A 124
1608 1101 ik 2 11.0
124.2 1114 0.8 1.7
1218 10,2 100.7 Ba
1007 1007 100.7 oo
Summary Annual Enargy

L]
Bazeling Elactric Cooling Plant 71,050
Hytirld Coaling Plant B4,063
Savings B.6eT
Adififional Savinga wilh Generalor {108
Tolnl Savings 4,078
8478

Havingafon inslalled Cooling

Appandis B xls - Reswlls. 00T oy

kG
1]
Bo |-
70
80 |—
50
10
o
2o 4
10 {
1]
a
Eletirie
Electricily  Additional Demand
Genomiod Englina Cost
Gas Savings
kWil therms 1
[§]
. - o
120 1w aa
1,0B0 ] 158
G200 023 168
7734 1,004 110
8,372 are B3
7843 1,03% 182
5,028 671 158
43200 550 107
823 104 13a
- - a
40,181 5,363 1,250

Eipctric  Additlonal Nat. Numbaor

Energy  Gas Cost Addl Hours

Cosi 1o Run Savings Generalor

Savings Engine-Gen Operating
¥ & 5

1) o L] o

0 ] o ]

4 1] B Z

50 (133 85 X3

188 (303) 138 114

2n {4509 {141} 168

e [419) {137) 14a

226 [485) (BT} 180

149 {320} 15 108

124 12682} 2B o

25 (50} 111 4

a [¥] 1] o

1,180 {2,557) (108} 858

Numbar
of Hours

in
On-Peak

154
133
164
147
154
147
147
181
133
154
140
140

1,764

Average
Ganeralor
Efficloncy

%

24.4%
24.5%
28.1%
0.1%
24.1%
25.1%
25.68%
26,0%
27 2%

25.0%

Avernge
Generator
Haurly
Cutput
L)

60,0
G600
551
AG.0
e
425
48,1
60,0
58,1

4.4

A0




Retail Store, 33000 SF

Detroit
100 HP constant spead engine, 100 tons cooling, 76 kW generator runs during all on-peak hours

Assumplions

LR

opesabes nf 20% capasily 1o acseant far fuel consumption

Datroil Edison Fate DE-TOU Prmany Sprvico

Domand, SkW

For Primory Sendoe

Oni-Penk
CAT-Feak

Enargy, §kWh
On-Poak
M-Peak

Michigan Consodidated Gas Rale 1

Enargy, $Ahemm
Al ihemma

Marginal snengy coats used In analyals
On-Peak Demand Changa

On-Prak Enargy Cosl

Gas Cocoing Ruale

Surmmer Viinjer
3,75 a5
14.25 14,25
a o
0.0296 00206
0.0266 00266
047870 o47avo
1426 SR
0.0298 Sk
DLATETE SAharm

. Basoling system ls one eleciic screw chillar, 079 k¥Wlon (4.45 COP) required by ASHRAE Standard 3011063
Hytirld syatarn (8 gas engine cogling (1,46 COP, 002 eleciic parmaitica) and eleciic reciprocaling coaling (.74 RWAA0n)
. 100 HP gas anging uns &l constant spoed and fuel consumplion when coaling nesdad during pi-paak pedod
925,000 BruMy fued consumption for 100 HP engine based on average fuel usage fof Teco CH Series chillar

Caonsiant speed, variabie cutput generator with 75 kWY capacity
After satiatying coofing boad, imused engine HP any hour can be wsed [0 oparsle ganarator; genarslor oulpol varas wilh unusad engine cipacty

Grnermlor opemibes every hour during on-peak pedod even i cooling load is balow 20%. Below 20% cooling capecity, assume coaling System opernies

On-Poak period - Noan io TP woakdays, all yaar

Of-Paak parod - all ather hours

Rasulta below mre for n bybid coofing aysiems whoea gas cooling oparmias durng onpeak hours, sleciic cooing all sther hours

Jan
Fab
Mar
Apr

Jurie
duly
Aug
Sepl
Ot
Maw

Talals

Buliding
Energy
Usage
KWh

52,522
47,251
52 655
50,691
S4.0TR
61,068
86,347
64,247
5B,517
52,576
50,205
52128

BE3.2TT

Building
Damand

kW

100.7
1007
1ra
1148
1384
1848
1786
159.9
198.8
1342
121.8
100.7

Summary

Bidg. Demand
During
On-Foak Pariod

KW

o007
1007
1088
1108
1116
1120
115
1121
1101
1116
1102
1007

Bassline Electic Cooling Flent
Hybrid Cooling Frant

Savings

Addilional Savingn wilh Generabar

Tatal Savings

Sovingaton Inslalled Cooling

Anpandix B A - Fosulis- 100075y A1 Feak

Bullding
Demand During
Faak Period
Whan Ganoratar
Operates

W

a7
407
4895
509
538
1043
104,49
820
ar.7
51.5
52.7
40,7

Avalded
Damand
Durring
Paak Porlod

60.0
60.0
60.0
GO0
.0

T

6.5
4
4
GO
875
60.0

Annunl Enemy

H
T1.050
64,053
8,687
3204
10,295
102.95

Elnctriclty  Additional

Genarated Engine
Eas
Keh tharms
B.240 1425
7,080 1.230
240 1,423
B B30 1,330
24 1216
8,684 filile]
5497 T8
G.808 a0
6,599 @27
8240 1432
8,389 1,273
8,400 1,285
15,801 14,008

Constant Speed - Varlable Dutput Generator
100 HP Englne = 100 Tans Cosling + 75 kW Generator

Eleetric
Camand
Cont
Savings
5

BES
B5S
B5S
L
i)
110

s
FLL]
320
H55
a1
855

1157

Electric  Additional Mot Humber
Energy  Gas Cosi Add'l Hours

Ciost to Fun Savinga Gansrator

Savings Engino-Gen Operating

5 H] 5

w4 (&7 449 154

238 {587) L] 133

274 [67a) 450 154

261 {634) a2 147

258 157y TH 154

7T {414} {107} 147

183 {03} (107) 147

02 (443} 44 161

105 (442) 73 133

274 (B35) A5d 154

248 (07} 481 140

248 [BYT) 484 140
2,630 {8,678} 3,308 1.764

120
Number  Average
of Hours Generator
in EMclency
On-Paak
%
154 229%
133 221%
154 2232%
147 22:8%
154 24.5%
147 26.2%
147 14,75
181 25.0%
133 24,30
154 23.7%
140 22.5%
140 22.1%
1,764 5%

Average
Genarator
Hourdy
Output
W

BoD
800
L)
§0.0
50.6
453
aTd
AL3
406
B0.0
i R
a0.0

54.2

420




Retail Store, 33000 SF

Detroit
150 HP constant speed englne, 100 tons cooling, 75 kW generator

1, Baseiris syalarm is ona alectne sorew chdler, 0.75 KWitan (4,45 COP) required by ASHRAE Slandand 80.1-1953
2, Hybeid ayster is gas engina coctng (1.46 COP, 0.02 oledric paras®ica) and aleciris recisrozating coeling [0.79 kvwflon)
3. 150 HP gas angne runs ot eonstant spaed and fusl conaumption whan cooling rveded during on-pesk period
4, 1387500 Biwhe fusl consumpdion far 150 HP apgine based on averapo hual usage for Toco CH Secas chillors
5. Conslam spood, varinbie culput goneralof with 75 kW capacity
6. Dwaralzed angne has HF pvailnble 1o cporate n 78 KW goneralor e folices

Betwoan 20-50 fons coping, 75 kW

Botwoan 5100 ions coaling, genaretor oulpul varies proportianady from 75 kW down o 37.5 kW

At i coaling capachy, 100 tons, ganarator can oulpul 37.5 KW
7. Balow 0% coolirg capachy, coaling system will cycle; anly oparats generator dunng haurs whaen ped load coong capacty s sbove 20%

Catroit Ecson Rote D4-TOU Prmary Servca

Damand, £W Sumimar Winbar
For Primary Seevicn aTs 375
On-Peak 14,25 14,25 On-Peak pericd - Moan 1o TPM waekdays, al year
Of-Pank [+ o Of1-Paek pericd - all olher hows
Ermrgy, §kWh =
Cin-Prak 0.0z36 00295
Ciff-Peak 0.0238 006G Constant Speed - Varlable Cutput Generator
151 HF Exsgina + 100 Tonn Cooliag + TS EW Genarator
Mizhigan Consalicated Gos Rate §
Enargy, $fharm g
All harms DATETS TATETE = 10a
e
b
Mirgiral erargy corla used in analysis B 40
On-Paik Demand Charge 14,25 SwwW n
On-Peek Ensngy Cost 20253 Sk E o
Gas Conlng Rate 047672 SNherm i o 5 50 5 0
Cooling Load {tons or % capacity)
Resufs baire Bfa for @ hybrd cooling syslems whers gas cooling opoeralas dunng on-paak houwrs, alecins cooling all olbar hours
Buliding
Bullding  Demand Durlng Avolded Elactric  Eleciric  Additlanal Met  MNumber
Bullding Bullding Camand Peak Pariod Doemand Elsctricity  Additdonal Demand  Ensogy Gans Coat Addl Hours
Energy Demand During  With Generator During Gonerated Engine Cost Cost ta Run Savings Generator
Usags Paak Perlod Operating  Peak Perod Gan Savings Savings Engine-Gen Operaiing
KWh W W ) W K¥h therms 5 1 ] %
Jun 5268 1007 100.7 1007 oo . a =
Feh AT 251 100.7 100.7 1007 oo - . - . - " ¥
Mar 52,655 117.5 108.9 100.7 B2 150 25 B 4 {12) ao 2
Apr 50,691 1146 110,89 99.8 11.1 FETH] 428 160 1 (204) ar 5|
May 54,978 1346 1118 Bl 11.8 B499 1.350 168 252 (544 [224) 114
dune 41,058 164.8 112.@_ 65.8 452 12,059 1783 g as7 (850} 152 184
July 665,347 179.6 111.5 G674 A0 14,887 1,656 B27 52 [FaE) 180 188
Aug G4, 247 1599 1121 oS54 128 13,051 1,870 162 386 |88z} (324} 100
Seqt 58617 1888 104 a5.2 11.0 7.556 1175 155 235 {560) {160} f 14 ]
Ot 52,679 1242 111.5 89,0 1"y 5,250 a4 167 155 1417] [85] To
oy 50,305 136 110.2 10T a5 1,850 168 138 N (Ed) ar 14
Dac 52,126 100.7 100.7 1007 0.0 = . - - - - -
Taotnls BE3,2TT 62,396 7,331 2,327 1847 (4, 449) [Z75) B58
Summary Annual Erargy
5
Biaselite Electric Coalng Plant 71,080
Hyborid Coaling Plard 64,063
Smvinga 6,287
Addtional Sevings with Genarater [£75)
Total Bavings 6712
Savingahon Insiafad Coolng 6712

fapentin Bowls - Resubsd S0HP-T 5w

Averaga
Generatar
Efflclancy

%

21.5%
23:1%
24.5%
23.8%
231%

21.2%

228%

Averagoe
Ganarator
Heurly
Outpat
KW

745
718
T0.8
725
Ta.0

76D

T2y

A0




Retail Store, 33000 SF
Detroit
150 HP constant speed englne, 100 tons cooling, 75 kW genorator

Generator operates all cn-peak hours
Assumplions

1

2
3
4
5
]

Baselna sysiom is ona elecing screw chiler, 073 KWNon (445 COP) required by ASHRAE Slandard 30,1-19588
Hybxrid syslam is grs engina cooling (1,45 COP, 0,02 aloctric parasiiics) and slectric moprocating cosling (.75 EWian)

150 HR gas mnging nng 8t constent apasd and fuel consumption durng on-peak paricd

1.387,500 Blwhr luel consumption for 150 HF engine based on aversge fuel usage far Teco GH Sedas chillers
Constant spoed, varobie oupul ganeraiors wih 75 kW capacity

. Owarsized engine has HP available o cporale a 75 kYW genaralor ns folknea

Batwaan 0-50 tano coning, 75 kW
Batwean 50-100 tona esoling, generater outpul vanes proporionally from 75 KW down 1o 37.5 kW
A1 full eoaling capocty, 100 lans, gerarator can cutgul 375 kW

Below 20% cocling copraty, cooling sysiern will cycla; gensralor opsrates dusing &1 an-pack hours

Detroil Ediscr Rale D8-TOU Priman Sarvies

Demand, SkW Summor Wirdnee
For Primary Servica aTs avh
On-Faoak 14.25 14,25 On-Foak penod - Noan by TRM waekdays, all yasr
Otl-Paak o a OHI-Paak poriod - 81 ather hours
Ennrgy, & kKWW 2
On-Paak 0.0268 00296
Of-Paak 02es 00265 Constant Speed - Varable Output Generator
150 HP Engina + 120 Tone Coaling = TH LW Deneraior
Muenigan Consolidated Ges Rale 1
Enargy, SMhmmm
All tharms 04767S 0.4TETS ‘:L’
o i . -
Margnal energy cosls wad in enalysis 4 —
On-Peak Demand Crargs 14.25 500 20
Dn-Peak Energy Cast 0.0295 FHWh a
Gas Cooling Rete DATEFE $tham a ) 40 a0 an 100 2
Raosulis bolaw ar for o hybrid cooing aystema whee gas cosling operales during on-peak haours, alocire cooling all olher nours
Bufiding
Building  Damand Durlng Avolded Electiic Electric  Addilional Net  Mumber
Building Bullding Demand Foak Pariod Domand  Electricity  Additional Damand  Energy Gas Cost A Heur
Enargy DCemand During  With Generator Durng Gansrmated Engine Caost Cuont to Run Savings  Generator
Usage Prak Parlod Operaiing  Feok Perlod Gas Bawings Savings Engine-Gen Operating
WWh W KW kW kW kWh therms ¥ % 5
Jar 52533 1007 1007 25.7 750 11550 2,137 1,089 342 11,008 382 154
Fab 47,251 1007 1007 257 750 B875 1,845 1.089 e ] (BAO) 434 133
Mo 52,655 117.5 106.9 IR TE0 11,550 2,135 1,068 2 {1.018) 193 154
Apr 50,621 1146 110.9 549 TEO 11,025 200 1,069 326 (258} 437 147
My 54,878 1248 1116 461 GEE 11,495 1,527 533 340 515} 358 154
Juna 1,054 1848 12.0 66.8 452 10,530 1,548 f4d i {738} 218 17
Juy BE,347 1796 1118 B7.4 44.0 10,374 1441 G2 an7 1BHT) 247 147
Aug B4, 247 f125.9 112 54.5 57.8 11,855 1,874 B0 345 {T88) 367 161
Sept 6,517 196.8 1101 60.2 5.9 8,788 1,542 [E4 289 (Ta5) #0d 134
Ot 62,579 124.2 111.8 3.5 750 11,650 2,044 1,048 M2 (978) 435 154
Wayv 50,205 1216 1102 352 750 10,600 1,821 1,069 3 (218) 404 144
Dec B2126 00T 1007 257 750 10,500 1,843 1.068 31 [E2E) 453 140
Tatals BE3ETT 130,475 22167 11381 a.me2 110, 558) 4,854 1,784
Summary Annupd Enagy
2 3
Basalina Elactric Cooling Plent 71,050
Hybrid Gealing Plan 84,063
Swwings B,9B7
Addilfonal Savings with Generalof 4 654
Totol Savings 11,641
Savingafion instollod Cooling 11641

Arperdix Bxls - Results-150-8-7 ka0l OnPK

Avarage
Ganarmier
Efficiancy

%

18.4%
18 4%
18,5%
18,7%
20.4%
237%
2h8%
23.8%
21.8%
19.3%
18.7%
16.4%

21%

Average
Genetator
Hourly
Dutput
LY

75.0
750
TS50
ran
a7
EAR:
0.8
124
T34
60
750
750

40

42001




Retail Store, 33000 5F

Detroit
150 HP constant speed engine, 100 tons cooling, 23 kW generator

Aasumplions
. Baealnm FYBLIM 15 On slociric scraw chiller, 0,78 ¥Whon (4 .45 COF) FMD;'.PSHRP.E Slanaard 50, 1-1953
Hybeld system i gas engno coaling {1.48 COP, 002 eledriz porasitics} and electitdo reciprocating coaling (278 KéWon]
150 HP gas mnginn runs at consland spead ard fusd consumption when cooling nesdec during on-peak pericd
1,347,500 Biwhr fual mnlu‘nphm for 150 HP engine based cn avarags fusl usage lor Teca OF Sarles chillars.
Constanl speed, variable cutpul genarsion with B3 KW capacity
. Owarsized enginn has HP available ta operale a 93 kW genarstor as foliows

Betwesn 20-25 tons coaling, genarator cutpul cenatant at 53 KW

Between 25100 lans cooling. penerator oulpid varies proparionally from 53 KW down 1o 37,5 kKW

Al ¥ cooling crpacity, 100 1ors, generatar can oulput 37.5 KW

OF th & L3 K3 =

7. Balew 20% coalng capacity. conling syslam wil cyclo; poly operala gererator durirg hours when par load coaling capacily is nbave 209%

Dalrod Edison Rate D5-TOU Primary Sarvion

Dampad, 3%W Sumamar ‘Wintar
For Primary Sorviza 378 375
On-Peak 1425 1425 On-Paak pesad - Hoan io TPM weekdays, all yoar
Of-Peak o o O#-Pank posiod - all alher haurs
Enargy. 5000 =
Orn-Peak 0.0295 0.0286
Ijrl-F':ah 00365 0 0266 Constant Speed - Variable Output Generator
150 HP Ergina + 100 Tens Conling « 31 &% Gonerator
Michignn Consaligalad Gas Hata 1
Enorgy, Stharm
All thpems OATETD 0.ATETE

Mgl snedgy costs uasd in aralysis

On-Peak Damand Charpe 14,25 S
On-Poak Energy Cost DLOREHE Sikh
Gas Craling Rala DLATETH Stherm

Rnaulls bekew are lor @ fyteod coaling syslems whorn grs oocling cperalas during on-piak bours, alsctric cobing all olber hows

Bluliding
Building  Damand During Avoldad
Bullding Bullding Domand Peak Perlad Demand Electriclty  Additional
Enerpy Demind During  With Generator During Gunarated Enginn
Usage Poak Perlod Oparating Faak Parod Gns
ki [ kW o kW L] tharms
Jdon 53,522 1o0.7 1007 100.7 oo .
Feb 47,251 1007 1007 10007 oo - -
Mar 52,655 175 10853 1007 62 186 268
Apr 53,891 1148 10 e3.4 1.1 3,088 428
Mgy 54978 1386 111.6 A 1.5 10,1839 1,350
June 51,058 164.8 1120 6.9 451 13,632 1,783
Judy 65,347 1788 111.5 675 43.9 12572 1,656
Aug 84,247 156.9 1921 29,4 12.8 14,982 1470
Seat &8 517 188.8 1101 84,2 "o B,BA5 1,175
Oct Lk 1242 11145 9.8 .y £ 510 a4
May 50,305 121.8 1102 10a.7 2.5 1,302 163
Dac 52,128 100.7 100.7 1007 a.a - -
Tatals 652,277 10,835 82,5341
Summary Annual Ensrgy
5
Basaline Einciric Cocfng Plant 71,050
Hybrid Cealing Plant 54,063
Sevings Lh=LT)
Additonal Savings with Gonarnlar (23)
Tatal Savings 6,959
Bavirgaiion inatalied Cooling 6854

Arnardis B s - Ran k-1 80400 0% 0

Electric  Elncirie  Additional Hat Numbar
Dwrsand  Energy Gaa Coat Al Hours
Caoat Cast to Run Sawings  Generator
Savings  Savings Engine-Gen Operating
H ] 5 5
;| L] 12} a1 2
158 a1 204} a5 a1
188 Aoz (844} {174) 154
£43 A0 {850 202 164
E26 arz {TE5) 204 183
182 &30 {8E2) (60 180
158 288 (50 (438} 109
167 152 417 |57} o
134 34 {80y o 14
2,324 2097 (4,448} (28] L]

Average
Grnarater
Efficiency

L

24.4%
24.4%
25.0%
6,5%
25,9%
25.9%
26.1%
264%
28.3%

25.9%

Averngn
Ganarator
Hourly
Dutput
kW

53.0
530
il
823
T48
8.8
E2.4
3.0
LERT]

2.6

AT




Retail Store, 33000 SF

Detroit
150 HP constant speed englne, 100 tons cooling, 93 kKW ganorator

Generator operates all on-peak hours
Azsumplicns
1. Baseline sysiom is one cleciric schew chilled, 0.78 KWan (4.45 COP] roqured by ASHRAE Slandand §0.1-1399
2 Hybrid sysiem |s gas angine coaling {1,468 COP, 0.02 eledric parasitics) and elactric reciprocating cooling (0.73 BWon)
1 150 HP gas engine fune al constart speed and fued consumption during on-paak perod
A 1,387 500 Biuthr fuel cansumplion for 150 HE anging basasd on avarsge fusl usaga for Toco CH Snries chillers
5 Constanl spaed, veriable ouspul genarator with 83 KW capacily
6 Owersized engne has HP ayaiabia to operate 8 53 kY gonorwior as folkows:
Batwaen 0-25 tons cooing, genoralor outpul constent & 03 KW
Balwaen 25-100 tons cooling, generator culpud vares proporanally fram 82 KW down 10 37.5 0W
A% Tull conlirg capacity, 100 lars, geraralor can oulpul 375 KW
7. Bedow 20% cocling capacity, cooing systen will cycls; anly cperate generalor during hours whan pas load coolng capecty |s abave 20%

Dairon Edison Rala DE-TOW Prmary Sorvico

Damand, SmW Summar \Winker
Fot Primary Secvica 78 a7s
On-Poak 1425 1425 On-Ponk pariod - Noon to 7PM wankdays, all year
Of-Paak a a Of-Posk period - ol othar hours
Enargy, $ kW - -
On-Pagk 0.0284 00285
. Paak 0.0088 0.0255 Constant Speed - Variable Output Generator
150 HP Engina = 100 Tens Coellng « 03 KW Ganerador
Michigan Cenaoldated Gns Roto 1
Enargy, $hherm 100 4
Al tharms 47678 0ATE?S e
a0 o= —
Marginal anergy costs wsed in anatysis 40 = ==
Cn-Pasx Demand Charga 14.25 S 0
On-Pags Enargy Cast 0,0265 SHWn o i
Gas Coolng Rate OATETS EMherm o a0 a0 & an 100 50
Rasulls bakow are for-ahybrid coaling systems whare gas cooling operales during an-pask hours, electric coodng all othar hours
Bullding
Bullding  Demand Durlng Avolded Eloctie  Electric  Additional Mot Mumiber
Bullding Buiiding Damand Penk Perlod Demand  Electricity  Additional Demand  Energy  Gan Cost Addl Hawrs
Energy Bomand Durng  With Ganarator During Generated Englna Cost Caost ta Run Savings Generatar
Usnga Ponk Perlad Operating  Foenk Parod Gns Savings Savings Engine-Gen Dparating
k' W KW B kW KWh therms 1 $ H 5
Jen 52,522 1007 100.7 Tr 030 1432 2437 1,225 424 1,015 T30 154
Fob 47,251 1007 100.7 T B30 12,368 1,845 1,325 56 (A6 Bz 133
Mar 532,655 197.5 10859 138 3.0 14,352 2.135 1,325 424 $1.014) a1 154
AR 0,691 114.6 11049 ire B3¢ 13,671 2010 1,325 405 {954) T 147
May 54 a78 1388 111.8 465 85.2 13,838 1,927 ary 413 (R1E) 423 154
Juno 61,054 1648 1120 65.8 451 12,013 1,548 643 356 (738) 260 147
July 65,347 1798 11,5 B7.5 43,9 10,829 1,441 [ieds] 323 (B0T) 253 147
Aug 64,247 158,89 121 548 57.a 12 643 1,674 47 ars [75m) 384 161
Sapt 54,517 1548 1101 50.5 540 11,207 1,642 BED 35 (735} 4dd 133
et 52673 124.2 1118 185 83.0 14,322 2,044 1,325 424 {975} kifd-] 154
Haw 50,305 12116 110.2 172 8.0 13020 1,84 1,228 365 15318} 795 140
Gac 5213 1.7 1W0aT T #3.0 13,020 1,843 1328 L] {926 a4 140
Tatals BE3.277 165 A94 22187 13,141 4814 {10550 7187 1,764
Summary Anral Enorgy
3
Ensalira Emciric Coolirg Planl 71,080
Hytarid Coatng Planl 64,063
Savings 6,087
Adcbonnl Savinga wilh Genesalar FIRELT)
Teta! Sevings 14,174
Savingadon knalaiad Cooling 141.74

Anprnds [ vln - e et SEHE 0T AR OnPk

Ayaragoe
Gonarator
Efficlency

%

225%
22.9%
22.9%
232%
24,T%
26.5%
250%
258%
250%
21.5%
231%
22.9%

24.0%

Average
Ganeralor
Haourly
Cuipul
L

83.0
EER]
30
830
B35
Bi.Y
743
a7
450
930
830
230

B8 4

AL2001




Retail Store, 33000 SF

Detroit

200 HP constant speed engline, 100 tons cooling, 76 kW generator

Azsumplions

Sm s e

Detroil Edison Rate DE-TOU Prmary Service

Demand, S&W

For Primary Sendce

On-Penk
C1-Peak

Enmrgy, $&Wh
On-Pook
Off-Peak

Michigem Conscfdated Ges Rate 1

Enorgy, ke
Al herms

Marginal anemgy costs usetd In aniysia
On-Feak Demend Charge
On-Feak Enargy Cosl

Gas Cooling Aate

Sumimar ‘Winlar
3.75 ay4
14.25 14.25
L] o
0.0288 002498
0.0265 Q0266
OATETH 047678
14,25 %W
0,026 F%Nh

0ATETD Fhnemm

. Baseling sysiem i3 ona aleciic screw chiller, 0.76 KAWNon (£.45 COP} required by ASHRAE Standord 80,1-1583
Hybrid sysiem Is gas engine coaling (1,46 COP, 0,02 electric parasiics) and elecirie reciprocating cooling {079 kWon)
200 HP gas engine runs of constont speed and Rial consumplion when cooling needed during on-peak perod

. 180,000 Biwhr fuel cansumptian fee 300 HP engine besed on avarage fual usage for Teco CH Seres chillera
Consinni speed, varishle outpul genaralor with TS5 kWY copacity
. Owaraized angine has HP available 1o operade penerator of full lond conlinuous cutpsd of 75 kW
. Below 20% cooling capacity, cooling sysiom will cycle; coly operis ganeratof durfng hours when poart lond cooling capacity |s above 20%

On-Peak period - Neon fo TPM wookdays, all year

QIf-Peak paerlod - all afer hours

Faaults bedow mra fof & ybikd cooling aystoms whare gus coaling oparates dunng on-pesk naur, eectric cooling all other haurs

Bullding

Energy

Usage

kWh

Jan 52,522
Fab AT, 251
Mar 52 BES
Apt 50,681
May 54,578
June B1,058
duly B6,347
A 64,247
Sept 58,517
Ot 52,579
May 50,005
Disc 52,124
Tolals 663,277

Aapendly Boxds - Reafip200H0.T Sk

Building
Demand

kW

100.7
100.7
117.5
114.68
136.6
1648
1TH.E
1568
168.8
1243
128
100.7

Summary

Basefine Electric Gooling Flont

Bullding
Damand
During
Peak Period
kW

1007
1007
106.9
1108
11168
1120
11156
1121
1104
1115
1102
1007

Hybeld Gooling Flanl

Savinga

Bubiding
Demand Durlng
Penk Period
With Generator
Operating

KW

1007
100.7
100.7
Beg
geB
aro
36.5
fir 4
2
b8
100.7
100.7

Addional Sovings with Genaralor

Tatnl Gavinga

Havingsfon Insteted Coaling

Avobded
Demand
Durlng
Peak Porlod
kW

o0
0.0
[
114
1148
T5.0
76D
128
1.0
17
1R]
L]

Arnal Energy
5

71.050

64,003

a.8a7

1,243}

5744

5744

Elnctricity  Additional
Gansrated Englria
Gas
KWh tharms
150 as
2475 a0
8.550 1,B7E
12,800 2,580
12,800 2433
13,500 702
BTE 1,874
5,250 1,188
1,050 233
4,350 13,268

Generator Qutput

(kW)

Constant Speed - Variable Oiput Generator
200 WP Engine + 100 Tons Ceoflng = 75 KW Genarator

Eletric
Damand
Cost
Savings
5

154
148
1,008
1,068
182
158
167
134

3,183

25 EQ

75 100

Coaling Load {lons or %, capacity)

Elncirle  Additional
Energy Gas Cost
Cost fo Run
Savings Engine-Gen
5 H

4 {17

73 (27T

253 (a85)
ara {1.221)
ary [1.16a)
400 {1,289)
242 (A00)
155 a7

kS| {111}
1,005 18,341)

Mel Hurmbar

Addl Hours
Savings Genaralor
Operating
§
Th 2
[45) 33
[474) 114
Frd 184
FLF] 18a
{rav) 180
(402} 108
(249 b
L4 14
{1,243 BAR

Averagae
Ganerator
Efficlancy

%

15.5%
168,8%
17.7%
17.0%
16.6%

15,4%

Average
Gonmrator
Houry
Cutput
hw

750
750
Tan
750
50

75.0

T80

432001




Retail Store, 33000 SF

Detroit

200 HP constant speed engine, 100 tons ceoling, 112,56 KW generator

Azsumplions

R

Betwaan 20-50 lons cocling, 112.5 kW
Betwaan S0-100 tons coaling, genarsdce culpul varies progoricrally from 112.5 W dawn ta 75 kWY
ALl esaling capacty, 100 tans, ganarsios con culput 75 kKW
7. Bolow 0% coalirg capacily, cooling system will cycha; enly cperats ganeratar durkng hours when part kad cosling capacty is above 20%

Dolrof Edsan Rate D5-TOU Prmary Sonace

Damand, SN Hummar Winfar
For Primary Service a7s avs
On-Peak 14,26 14,25
Of-Peak '] ]
Ennrgy, §knh
On-Pank 0.0286 0,025
Off-Paak @.0258 00255
Michigan Constiidated Gos Rate 1
Enegy, $nhorm
All tharms 047673 D4TETH
prginal orargy cosls weed in Bnalysis
On-Paak Demand Charge 14,25 B
On-Poak Energy Cost 0,0286 Bwh
Gas Caolng Rate 047079 Ehherm

Basefine systam i one alecia serew chdlan, 0.78 KWon (4,45 COP) required by ASHRAE Slandard 80,1-1998

Hytrid syatam is prs engine costng (1,46 COP, 0.02 nfoctra parmsitics) and alechic recprocating eookng (079 kWion)
200 HP gas angine rens ot constani spaed and fuel consumpbion whan cooling needod curing on-paak poriod
1,050,000 Biuty fus! consumption far 200 HP angine based an averega fuel usage for Teco GH Senas chillars

. Gonstanl speed, varable autput gensealor with 142.5 kKW capacily
. Crearsized angine has HP available 1o eperate 112.5 kK ganoratar as folkiws

On-Poak perod - Noon b 7PM waskidogs, ol year
Oi1-Poak perod - BF cthar hours

Fasuls beiow are for o by coaling sysiems whare gas coaling aperales during on-peak hours, alacirc coolng afl ather haurs

Bullding
Energy
Usnga
K
dan 52502
Fab 47,251
Mar 5255
Apr 50,691
Keay 54,078
June 81,058
July 66,347
Aug 654,247
Sopt 4,517
Ot 52,675
HNov 50,305
D 52,128
Tatala 653,277

Buikding
Building Demand
Demand During
Poak Perlad
EW (]
100.7 1007
1007 100.7
117,54 106.9
1146 1109
1386 111.8
1E4.8 1120
1744 11.4&
1894 1Mz
1e24.4 1o
1242 11.5
1216 102
AT 1007
Summary
Basaling Elactric Coolng Plant
Hybirig Caooling Plant
Bavings

Bullding
Damand Durlng
Poak Period
With Generator
Cperating

KW

w7
100.7
10T
2.0
(- F]
263
ZBF
BEA
882
&9.8
1007
100.7

Addilional Savirga win Goneralor

Tetal Bavings

Savingsiion inatalled Coalirg

appandiy Bds - Fasog-200H0-1 1 Jes

Caonstan Spend - Varlable Output Generator
2001 HP' Engina # 162 Tana Cooling + 112.5 kW Ganaresar
2
e H__ﬁi——
o] = i
n— — =
g ——ieid
m —
o
a m i 80 a0 1] 120
Avaided Electric  Elegtric  Additional tet Number
Demand Electricity  Additional Demand  Energy Gas Cont Al Hours
During Genorated Emgina Cost Cost ta Run Savings Generntor
Paak Perlad Gas Savings Savings Enginn-Gan Operating
W Kem tharrma H 5 H 5
oo - - - - - N -
oo - - = = = - -
82 214 a5 e 6 {17] 74 2
1.1 3571 E81 158 106 {277 {13} 3
11.8 10,837 1.678 iy 324 {B85) 1403 1
{1l 15813 2,580 1,178 452 {1.221) 42 147
-} .1 16,598 3433 1,162 432 1,180y 454 147
118 16,594 70z 182 503 (1,289} (B04) 158
11.0 10405 167 156 308 [BOHH (338) o7
"7 ¥.018 1,198 167 el {571} (e} a5
a5 1,300 233 136 xa 1114) 83 12
a0 i 5 - A A 4 E
81,659 13,264 3,398 2417 {6,341) {524) TE2
Annual Enangy
3
71,050
B4,083
6,967
{528)
6,450
a4.5%

Averago
Gmmaorator
Efficiency

%

0,74
21.0%
19.9%
20.6%
Z1.5%
Z1.5%
21.2%
20.0%
1809

21.0%

Avarage
Genemtor
Hourly
Dutput
KW

1069
1048.4
1063
1062
1061
Wr e
1073
1080
1083

1072

A0




Retail Store, 23000 5F

Detroit
200 HP constant spaed anglne, 100 tons coollng, 112.5 KW genarator

Generator operates all en-peak hours

Assumplions
1. Basofing systam is one eleciric screw chiliar, 0.78 K& Ton (4.45 COP) mquirad by ASHRAE Standard S0.1-1945

1 Hybrid aystom is gas anging coaling (1.46 COP, 0.02 sleciric pamaitics) and sloctric reciprocating coaling {073 KWion)
1 200 HP gas enginn runs 0t consiant apead and feal consumplion during on-poak poricd
4. 1,850,000 Bl fual consumplion for 200 HP engine based on aversge fusl isage far Teco CH Saries chillars
5. Canslan speed, varisble oulput generator with 1125 kW capacily
& Duersized anging hag HP aeailaths 1o operate 112.5 KW gonarator as folows
Babtwoan §-50 1ons coaling, 112580
Babwonn 50-100 ions coaling, peneralor sutoul varies proporionally from 11225 KW down io 75 =W
A& full coobng capaciy, 100 tons, poneralor can eutpul 73 KW

7. Below 20% sooling capacity, cooling :.yshpm will cycln, cnly cperats genaralor durirg tows whan pan load cocling capacily is abova 20%

Detroit Edison Rabe DE-TOWU Primary Servics

Domand, ShY Sumimer Winler
For Primary Sarvice 375 .78
n-Paak 14,25 14,25 CnPeak panad - Naon 10 TRPM weekdays. all year
Off-Paak ] o OfT-Feak penod - all alhe houra
Energy, 5 kWh
On-Paak 0.0286 0,056
Off-Faak 00288 0.0286
Michigan Cansclidmed Gas Rals 1 Constant Speed - Varlable Dutpet Genoratar
Ermsiyy, Sham 02 HP Engine = 129 Tons Seolfng + 112.5 W daneminr
A1 therma D4TETS o47679 i3
100 =_ =
L S ——
Marginal onorgy coats used in analysis b2 —
On-Paek Damend Chorge 14,25 $hW ;g = = -
On-Paak Enorgy Gosi 0.0256 SWh pt = =
Gas Goaling Rale 047679 $nharm o e it an . 6
Results bolow na for n hybirid sealing systems whare gan coaling oparaies duing on-paak haura, dleclric caoling all olhar haurs
Bullding
Bullding  Demand Durlng Avoldad Electric  Electric  Additional Net  Mumbor
Building Building Dermand Peak Parlod Demand  Elociricity  Additional Demand  Energy  Gas Cost Akl Haours
Energy Demaid During  With Genorator Durng Gendrated Engine Cost Cost o Run Savings Genernior
Usags Penk Period Opemting  Peak Pedod Gas Savings  Savings Enpine-Gen Crporating
h¥h Y] W KW kW L] therms 5 $ 3
Jan 2522 1007 wooT an 100.7 15,387 2,848 1,438 458 [1.358) 5az 154
Frlr 47,251 1007 00,7 n.a 1m.T 13,302 2461 1,435 3 (1. 173) 855 133
Mo 53 G55 175 1068 0.0 1068 15,383 2847 1,523 454 {1,350) G20 154
Apr E0,691 1146 10,8 0.0 110.8 14 B85 4,880 1,681 440 {1,283} 738 147
Mey 54873 1366 1115 8.6 103.0 16,128 2,630 1,458 477 1,258) BB7 154
Juine 51,084 1848 1120 293 azy 15613 2228 1,179 463 (1,063) 57d 147
Juty 56,347 1786 1115 289 8.5 15,638 212 1,162 4EZ {1.011) BiZ §A7
Aug 54 247 1599 1131 10 951 17,288 2418 1.358 52 (1.153) 73 181
Sopt 58,517 198 B IR 127 a74. 13898 2457 1,388 411 {3,028) T 133
Oct 52,579 124.2 111.5 ] 1115 16748 2756 1,588 4656 {1,314} 741 154
Moy 50,305 1246 110:2 oo 110.2 14,024 250 1,571 415 11,224} | 140
Dec 52,176 1007 1007 oo 1037 13,990 2,500 1,435 a14 {1,238) 614 140
Tolals 663277 161,208 30,225 17020 5384 [14,45%) B,025 1,754
Summary .-’.mualsﬁmrgf
Bassing Electris Coaling Plant T1.050
Hybsid Coaling Flar 54,063
Savings 6,567
Addilicnsl Savings with Ganaratcr BO25
Tatal Savirgs 15012
150.12

Sawinpeiton Insintad Caoling

Apoandis Brls - Rasulls-200HP 11 2kw-A1l OnPk

Awerngo
Generaior
Efficiency

%

16.4%
18.5%
tRA%
18.9%
20,9%
20.,5%
25.1%
24.4%
22.0%
18.5%
16.6%
1E4%

20.4%

Avarage
Ganeralor
Hourly
Crutpast
W

1000
1000

sy
1.
04T
106.2
1061
107.4
1045
023
1002

=ik

1027

472001
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Retail Store, 33000 SF

Detroit

150 HP constant apecd-variable load engine, 100 tons cooling, 35 KW genorator

Generator operates all on-peak hours
Asaumplions
. Dasekne systam s one eaciric screw chilor, 075 KAton (4,45 COP) required by ASHRAE Siendand 80, 1-1838

Hybrid system is gas anging coclng {1.46 COP, 002 ploctic parnstics) and aleciric recipracating cooling (0.78 KWion)
150 HP gan anginn runs al cenatand speed and variable catput durng on-peak pariod

1,287,500 Bluwhe dunl censumgpton for 150 HP engine bosed on averags fual usage for Teco CH Seres chillers
Constam spaed, constonl output ponoratar with 35 kWY cagacily

Enging fusd eonaumption varsus 5% load laken from parformance data or GM T.4 Liles engne

. Balow 20% coaling capacity, cookng ayslem wil eycle; ganaraior operatas during af an-ponk hours

. Chélers sized at 104 1ons

O =4 0OV & L3 R

Dedroit Edison Rate DG-TOW Primary Sarvice

Domond, S0 Summar Wirter
For Prirnary Servica aTh 375
Or-Peak 1428 1425 On-Foak period - Moee 10 TPM waeakdays, all yaor
ONf-Peak a o Qf1-Paak pariod - all sihar hours
Erorgy, 3EWh
Cin-Poak 0.02%6 00296
Cift-Poak 0.0286 00265
GM 7.4 Liter Englne
Michigen Consolkdaled Gas Rale 1
Erargy, Stham 1
All tharms C4TETD 047678 |
Margiral anergy coats used in analysis g 2
On-Peak Damand Chango 14,25 30w 1
On-Feak Energy Cosl 0.0296 $wh 3
Gas Codling Rate QLATETE Sitharm
Luaz 3|
Rasuls below are (of 8 hybeld cooling syslams whenm gas cooing oparales during on-pask hours, alecinz coolng ail cdhar hours
Buliding
Bullding  Demand During Avoided Elnciric  Eleciric  Additional Mt Murnber
Bullding Bullding Demand Penk Perlad Demand  Electriclty  Additional Demand  Energy Gas Cost Add'l Hours
Energy  Daemand Curng  With Generator During Generated Engine Cuost Cost to Run Savings Generatar
Usage Poalk Parlod Cperating  Poak Perlod G Savings Savings  Chil+Gen Oparating
KWh W kW kW KW Kih harms 5 % % $
Jan E2522 1007 1007 a5y 35.0 5,280 a2n 496 180 14a3a) 220 154
Feh 47,281 1007 1007 657 35,0 4 655 Ted 438 1an 13ra 254 133
Mar 52, E55 117.5 106.9 .8 a50 5,380 az1 438 160 (435 219 164
Ape £, 594 1148 110.8 758 350 5,145 201 498 152 (433 2 147
May 5, G7H 1384 111.8 766 350 5,390 885 458 160 {450 188 154
Junn 81,058 164.4 1120 o =L 5,145 815 455 152 (438) Al 147
duly BE, 24T 1756 111.5 TB.B 5.0 5,145 a4 Ag5 152 [dad@) a2 147
g 04,247 1829 1121 T 0 5525 1,031 255 187 [4a1y 174 181
Sepl EA 517 1684 1101 761 50 4 655 #an 453 134 [396) 241 133
Gl 53,578 1242 11145 T6.5 as0 5,350 a4 A 160 {451} 207 154
Moy 0,305 1218 110.2 7532 A5.0 4,800 a3g 41g 145 (405 244 140
Doz E3125 100.7 1007 657 5.0 4,000 836 490 148 {26 245 140
Talals 583277 1,740 10,841 5505 1,828 {5,169) 2544 1,764
Summary Annunl Enargy
]
Easalira Eloctric Coaling Plam 71,050
Hybrid Coaling Plam 84 083 Addilionnl Ges va. Variable Speed Coaling 1043 ihanms
Savings 6,587 A0.55% mooe
Additaral Savings with Chi=Gan 2,544 Addilional Gas 1o Run Genarator 9788 Ihems
Totnd Savings 5,831
Savingafon Inatnlled Cooling BG.01

Aonetdiy B - Aasulis.d S0EMar-350w-A1 OnPk

Average
Ganerabor
Hourly
Output
kv

50
350
350
150
350
350
350
5D
35,0
50
J50
asDn

35,0

A2




Retail Store, 33000 SF
Detroit

150 HP constant speed-varlable load engine, 100 tons cooling, 35 KW generator

Generator operates all cooling hours
Asnsumptions

i B

Chiliars sized ul 104 tone

Datroil Ediean Rale DE-TOU Frmary Sarvice

Damard, SHW Summunr Wirfles
For Primary Sarvice a75 A7E
On-Paek 14.25 14,26
QH-Pank o 4]
Energy, § kW
On-Papk 0208 0.0236
Of-Pagk [ fwic}cd 0.03c8
Michignn Cansclidnted Ges Fete |
Enegy. Ehheom
All tharms DATETE ATETE
Mesgiral prargy cosls usod in analysi
On-Faek Demand Charga 14 25 kW
On-Paak Energy Cost 020G SEWh
Gan Gootng Rnin D ATETE SAhesmn

. Basalina sysiem |8 ona alcric scrow chillar, 079 khWon (445 GOP) reguired by ASHRAE Slandard 8311399
Clilles/Coganerator s gas engine coaling (1,48 COP, 0,02 elscirc parnaition) and ganeator

150 HP gos sagina rung al conatant speed and vorisble ouvput during on-pank patiod

1,207 600 Bluhr fusl sensumptian for 150 HP engina based on averapo funl vsagn for Teee GH Secias chillprs
Corstont spoed, corstont culput genersior wih 35 KW capacity
Engina fual cansumpticn varsus % load token from pecfermance cala or G8 7.4 Liler engina
Balow 20% cooling capecty, cooling sysiem will cycle; ganeraior oparates during all eooling hours

Or-Peak panod - Maon o 7PN wookdoays, ol yasr
Ciff-Ponk period - all olbar hours

GM 7.4 Liter Engine

PR AT el

[ = ad =8

Resulls bolow ara far @ hybid coolng systams whete gas coaling oporaies daring an-pank hours, elactric cocling o ather baurs

Bullding
Bullding Huilding Darmand
Ensrgy Demand Duiring
Unags Coollng Hours
kih KW Lyl
Jan 52,622 00T oo
Fab A7,259 o7 oo
Mar 52628 1104 1108
Apr 50,678 i11.0 111.0
My 53,653 1118 1119
durs 55,087 1120 112.0
duly 57,078 1114 111.4
Aug 57045 1121 1124
Hapl 57814 1120 12.0
Cht 52,398 111.5 111.5
More 50,258 1183 1103
D 52,136 1007 00
Tolnls 533,580
Surmmary
Basalne Elnciriz Coaling Plani
A Ges Coaling
Savings
Addiiiona! Savings wilh ChitvGan
Tatal Zavirgs

Savngsian Insialed Coaling

Anpandi B oxla - Resulie] SOHPYe-D5kw-All Gl

Buliding
Darmand During
Conling Haurs
With Gonarator
Cpormiing

K

oo

oo
756
780
78.8
7T.0
Thd
T
Tro
765
753

o0

an

Avoided Elnatrie  Ednctric
Domand  Efectricity  Additicnal Damand  Enargy
During Genoratad Engina Cuoal Cost
Paak Porfod Gns Savings Savings
1 L kih iharme 3 4
a0 - - i .
a.0 - - - -
0 210 a0 490 &
5.0 1,285 248 455 a8
an.0 7,080 1,389 495 235
350 17,875 3,011 485 523
as0 19915 3436 A L]
asn 18,305 2,153 45 £q7
as0 12,040 2,053 4 358
asn 3,185 565 449 od
5.0 685 112 639 20
0.0 - - - -
A1 270 14,018 4440 2,408
frnunl Erarpy
5
T1.060
63,750 Addiiional Gas va, Varinba Spead Coaling
T.A00
21 Additicnal Gas bo Run Genaratar
7.511
a1

Additional Met
Gas Cost Add'l
ta Run Savings
ChitGon
5 ¥
(49 435
{118 418
{BET) Bl
{1,435) [a14]
(1.534) 5D
(1.503) (463
1878} (124)
{285} T4
[54) 466
{6,684) n
2280 Iharme
5168 more
11728 therms

Humber
Hours
Genorator
Operating

ar
228

56D
523
344
a4
18

2,323

Average
Genaratar
Hourly
Dulput
iy

#OV|

EDIIDI
5.0
5.0
350
50
A50
350
50
asn
350

WDIWYDI

A0

A0




Retail Store, 33000 SF
Detroit

150 HP constant speed-varable load englne, 100 tans cooling, 35 KW generator

Gonerator operates all on-peak cooling hours
Assumplions

Constar speed, conalant cutpul panerater with 35

4O

. Chillers sized at 104 lons

Dulrof Ediscn Rata DS-TOU Pnimany Sarvico

kI capachy

Dimand, Sy Summar Wintar
Far Prmary Secvica a7s .75
Qin-Poak 14,25 1425
Off-Poak 0 a
Ermargy, 3.k0h
On-Peak 0,0298 DuD25eE
On-Peak 0,03E8 002665
Michigan Censalidaled Gas Rale 1
Energy, 3thann
All lhesms D4TET O.ATETD
Marginal energy costs used n analysls
On-Peak Damand Shamge 14,26 5w
Or-Peak Ensrgy Cost 0,036 SR
Gas Coalirg Rala D 4TETS Sfharm

Finsults bakow arm far & lybrid cooing syalems whero gas cooling oparates during on-peak hours, slecric coaling all sthar hours

Bullding
Buliding Bullding Cemand
Enargy Diemand During
Usago Coofing Hours
kWil EwW ()
Jmn 52522 1007 1007
Feb 47,251 1007 100
Mo 52,528 110.8 1068
HApr 50678 1110 1110
May 53,653 1718 17
Juna 55,087 142.0 1120
Juty 57,078 1114 1114
Aug &7.0a5 112.1 1139
S 52,044 1120 1181
el £330 115 111.5
Hav E0,255 110.3 110.3
Do 2128 1007 1007
Tatals E33.5680
Summary
Besalira Electric Caaling Plar
All Gas Goglng
Bavings
Additional Savings wilh Chil=Gen
Toln! Savings
Savingation trssnlled Coalng

Apseadiz 8w - FasifsA8wEan Al On Gool

Bulleing
Demand During
Cooling Hours
‘With Goanerator

Operating
kW

mor
tonr
1007
Gon
a8
o
6.4
paA4
¥z
paa
1007
1007

Avoldod
Damand
Durlng
Pank Poriod
Y]

Lkl
0.0
8.2
111
1.8
50
50
12.8
11.0
"y
kiR
o0

Anremal Enoroy
§

71,080
£3,750

{1,124)
5166
61.66

Bnsoling systam is one wacks serew chier, 079 KWiten (4,45 COP) required by ASHRAE Standasd 90.1-1983
Chilior/Coponocatar is gas anging cocling {146 COP, 0.02 electric perasitios) and penaratar

150 HP gas engine runs at constont spaed and varable sulput dusing coolng hows

1,387,500 Biwhy fusl cansumption for 150 HP angine bassd on aversgs fual uaage for Teco CH Series chillorm

Eriginn funt consumptian warsus % oad taken lrom performanca dedm or GR 7.4 Liler anging
. Balow 20% coaling capacity, coaling sy=iem wil cycle; genarstor cperatas during all on-peak coaling haurs

On-Feek pariod - Mean b TPM weekdays, of yoar
OF-Pank poeriod - all alher haurs

GM 7.8 LEer Engina

peATEA S RUE 0

r—
|
=l 1 - i (11 s
Laad [4)
Elsstric  Electric  Additional Mot
Elociricity  Additfonal Darmand  Endrgy Gas Cost Add'l
Grnarated Enginn Coal Caoat 1o Run Savings
G Sawings  Savings  Chil+Gaen
kwh tharms 5 $ 5

7o a5 BZ i [12) ™

1,155 235 158 a4 1142) Bl
3,535 Ba7T 169 105 (452) REEL
5145 1.714 At 152 (B20) {165)
5145 1,808 454 152 (200} 1249
5,530 1,824 182 164 [AES) (524)
3,205 1,147 167 120 1547) {80}
2,275 473 167 &7 (278) k|
410 &4 136 12 [42) 107
26,670 8344 2,055 Tad (2.870) {1,124

Additienal Gas ve, Voriakis Spesd Cooling 4532 thanms
T1.568% more
Addifionnl Gag 2 Run Goneralor 3314 thams

Humber
Hours
Generator
Cperating

=k |
1o
147
147
58
ar
B5
LF

762

Avarage
Generator
Heurly
Dutput
KW

OO

LT
150
5.0
A50
A5.0
50
LR
A50
250
5.0

#On

350

4200




Retail Store, 33000 SF

Detrolt
150 HP constant speed-variable load engine, 100 tons cooling, 35 kKW generator

Generator operates all on-peak hours

Assumplons
. Basabre system i3 ona elacine scrow chiler, 0TS KWilon [4.45 COP) required by ASHRAE Standard 80 1-1963

Chilled/Cagenedatar s gas argine coaling (1,48 COP, 0,02 elecira parasitics) and panecalor

. 150 HP gas engine rund ol constanl epasd anc variabin aulpul durng cooling howrs

1,387,500 Bluhr fue! csnsumgtan for 150 HP angine based on nvernge fuel usage far Toco CH Sarins chillors
Conatord speed, constant culput generator with 35 KW capacity

Enginm fusd consumption warsus % laad laken brom garformanca data of GM T4 Lier angira

Balow 20% cooling capacty, canlng syslem wil cycle, genarator cperatas during all cn-peak hours

Chiliefs sized at 104 lons

ook bh A LD R =

Dalrail Edissn Rals DS-TOU Primary Sarvice

Demard, Sk Summar Wintar
Foi Primary Survica ars 378
OnPrak 14.25 14 25 Qn-Poak pariod - Noon to TRM woankdays, all yeer
Of-Foak a o Oif-Poak pariod - ok athar hours
Engrgy, 3.k
On-Feak 003595 00208
f.Peak 0.0265 ekur]iil ——
ke GM T.4 LHar Engino
Michigan Consclidated Gas Rals 1 s
Enecgy, Sfthanm y
Al therms LaTETa 047878 -M/
Margial arargy costa used in analysia g ool _,.a""r
On-Paak Camaned Ch'ﬂﬂ 14,25 30 ! _‘."".....- e B TE  AE GR
On-Faek Ensrgy Cost 0.0296 3&wh ! al - biAil
Gas Cogoling Rata 047679 $iharm
|
4 1 (33 L2 s E13 i 15
Lasgin|
Fleesulis balew Bea far @ hybrid cooling systams wher gas coolng cosraies durng on-peak haurs, ofeciric cooling all olhor hours
Bullding
Building ~ Demand During Avalded Efnctrie  Electric  Additional Hal
Bullding Bullding Demand Caaling Hours Pomand Eloctricity  Additlonnl Damand  Energy Gas Cost add’]
Enargy Domand During With Gansrator During Generated Englne Cost Cast to Run Sawings
Usagn Caooling Hours Operating  Peak Perod Gas Savings Savings  ChilsGan
KW kW ) L3 kW EWh tharms 4 L] [ 5
Jan 52522 1007 w0oT B5.7 350 5,380 aza 498 160 {439y 220
Feb &7.251 10007 T 857 350 4,658 154 438 136 (ara) 258
Mar 52,628 110.6 1068 718 350 5,380 B33 a5 160 {445} 213
Apr 50,87A LD 1110 TED 350 5,145 Bs 499 152 (438} 215
Wiy H3 853 1118 1117 TR7T a5.0 5,380 12654 405 183 A0z} 56
June shoar 112.0 1120 7.0 350 5145 1.718 40 152 {320] {189y
Juy 57.07E 1114 1114 TE4 a0 5,145 1,088 256 152 {900] [249)
AUg 57.085 1121 1121 A ags0 B835 1,841 454 187 (a7ay (A2
Sept 52,814 112.0 1101 751 asn 4855 1,362 489 138 {B5) (13
Oct 52,393 111.5 1115 765 35.0 5380 1,008 Aa9 160 (479) 179
Naw 50258 1103 1103 753 350 4,500 a5 499 145 (405} a7
Dac 53128 1007 00T G Y 350 4,300 B35 499 145 (A5} 245
Tetals 833,540 61,740 14,330 5,085 1,828 (6,832} gan
Summany Anrual Enmrgy
-
Bnsoling Elesirie Coobng Plan 1,050
All Gas Caaling B3, 750 Addilional Gas va, Vastable Speed Coaliag 4537 tharme
Savings 7,300 71.56% mars
Addtang Sevings with ChikGean =1 Ayddificnal Gas ta Run Gonemlor G708 Hearms
Tedel Savirgs 3223

Savingson Instalied Coaling

Aanpndiy B kle < Aeaulis25kw-2an A1 OnProk

Murmar Average
Hours Generator
Generator Hourly
Oparating Dutput
kW

154 a5a

133 50

164 L]

147 B0

154 350

1y 35.0

4T as.0

161 asn

133 350

154 350

Tad 5.0

140 350

1,784 35.0

A0




Appendix C
Los Angeles Suburb
Annual Energy Usage, Costs and Savings
for Various Cooling Plant Scenarios

for Retail Store with 100 Tons Cooling



Natural Gas Use (therms)

Los Angeles Annual Natural Gas Use
for Various Cooling Plant Scenarios
100 Ton Retail Store

40,0010)
100 ton retail store in Los Angeles has 4590 hours of cooling;
15.000 - S04 hours are during on-peak period, noon - 6PM, summer weekdays
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Annual Energy Costs ($)

Los Angeles Annual Energy Costs
for Various Cooling Plant Scenarios
100 Ton Retail Store

140,000
100 ton retail store in Los Angeles has 4590 hours of cooling;
— 504 hours are during on-peak period, noon - 6PM, summer weckdays B Gas
’ - @ Electric |
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Annual Savings ($)

Los Angeles Savings Versus All Electric
for various Cooling Plant Scenarios
100 Ton Retail Store

25,000
100 ton retail store in Los Angeles has 4590 hours of cooling;
504 hours are during on-peak period, noon - 6PM, summer weekdays
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atail [T 3, 501
Los Angeles

F

T5 kW natural gas generator

Assumplices

2. Ona angine-genarabar sal operaling during on-peak houts al full cutput
3. Engira-ganoralor fual input efficiency # full load, 25%
A Genatabor capociy, TS W

Houtbim Calfomin Ediscn Rate TOU-GS-20

Demand, Sk

Feclilles Ghargo

On-Peak
Mid-Ponk
on-Pesk

Erargy, 5.k0Wh
On-Papk
Mid-Poak
Off-Prnk

Souihem Cadformin Grs Rate GM-10

Energy, $ithorm

Firat 100 thorms
Nexi AD5T thamms

AT ather

Soushem Calfomnin Gas Rate G-AC Gas Coclng

A1 eonling pas

Marginz! annrgy casts used in analyeis
On-Paak Demand Chirps
On-Faak Erargy Cosl

Gas Coaling Rala

1, Building coclad wiih cne sloctic scraw chiller, 0.7 kWon (4.45 COP) required by ASHRAE Standard 90.1-1983

Summar Wirikar
54 54
8.4 i On-Peak poriod - Noon {0 BPM summer weekdays
248 o Mid-Pask poricd - 8 AM to naon, 6 PW 1017 PM summar wonkdoys
a 1] Qf-Paok pariod - all olbar hours
Bummipr - Junn through Soptombar
014885 M
008813 0.a7e1
0.04271 0.04271
a.7asar 0. TA587
0.84252 084282
051214 051314
0. 49850 A
164 Sk
014885 Ekh
[L439858 £hharm

Rasulls bakaw are Tor e alectrie cosing plant wih engina-ganeralor operating during on-paik hours

Huilding

Energy

Usagn

EWh

Jdan 78,198
Fab Y0247
Mer B1,472
hor Bt 266
May B 523
Jurnn Bi.ga?
July 101,156
Aug 105,040
Sapl g7.898
1= 95,068
Mew B3.6834
Des BLEIT
Tolals 4,060,657

Bullding
Demand

kW

2013
198.8
960
2063
a7
2057
1.8
2286
21183
2078
1905
2025

Summary

Bullding
Demand

During
On-Paak Period
K

0.0
0.0
o
o0
oo
2067
211.8
2288
2183
a.a
.o
0.0

Baseino Elecitc Coalng Plant
Savings fram E-G Operalion
Ruowised Anrual Enargy Gosl

Appendi C.xis « Resulls-Tikw Gon-OnPk Op

Bullding
Damand Durlng Avalded
Fank Perlod Damand
With Genermtor Cuzring
Oparaling  Peak Padod

kW KW

an [+14]

oo o0

a0 0.0

a0 [}

o0 0.0

130.7 75.0

1288 75.0

153.6 78,0

1443 750

a0 a0

.0 0.0

a0 oo

Annual Ensrgy

108,427
7,878
100,449

Elactricity Additional

Gansrated

ki

8,450
8,450
10,350
&,550

41,630

Engine
Gas
thanms

1,280
1,260
1,413
1,167

Elrciric
Darnanc
Coat
Savings
E 4

4,520

Elactric
Enargy
Cosl
Bavings

_.
B
Boosooo w

1408
1542
1274
o
a
a

5510

Additinnal
Gas Cost
1o Run
Engine-Gen
§

(=R = =

{547)
1543)
(T04)
(582)
a
i
]

[2.573)

Met
Adddr
Savings

I
Ecacaa

16154
2067
1022

T.a78

Nurmiar
Hauwrs
Genoratar
Dparating

Number  Awverage
of Haurs Generator
In Efficlancy
n-Peak
]
o
o
)
o
o
15 25.0%
126 25.0%
133 250%
114 25 0%
o
o
]
404 25.0%

Average
Generator
Haurly
Chutput
kWY

75.0
TED
5.0
50

750

4001




I
Retall Store, 50000 SF
Los Angeles
B0 kW natural gas geperator powering electric chiller during an-peak hours
Assumgbans

. Engina-goneralor fusf mpat efficioncy at full load, 25%
. Ganoralor capacity, B0 EW

Building coclad with sacirc scrmw chiller, .78 EWilan
E-G providas prwar for slectric chiler
. Efficiarcy of E-G varies from 25% at 100% cutput to 15% al 26% oulpus

i g A L Rk

Souihom Calfornia Edissn Rate TOU-G5-28

Demard, SHW Summar Winbar
Facililes Charga 5.4 54
O-Praak 18.4 A
Iid-Peak 245 o
(HT-Peak Q o
Enmrgy. 5 kK\h
Cn-Ppak 0148595 M
Mid-Pask 0.08613 Qoren
Off-Ponk 0.042719 OpAZT
Soulhem Calfornin Gas Rata GH-10
Enargy, $itharm
Firs1 100 tharma 0.7e5a7 D.7a587T
Hoxt 4067 Iherrns (64262 DUEA262
All olhine 051314 DE1314
Soutnem Calilomia Gas Rete G-AC Gas Cogling
All coaling gas 0450858 HNiA
Marginal enaigy cosls wead in analysis
On-Ponk Desnand Chargn ig.4 Sww
On-Fonk Energy Coat LR TS = A
Gas Qoolng Rate 049858 Shhemn

Fasuts balow ara for an alecne cocling plant powoered from angine-genarstor during on-peak houfs

Buileng

Buflding ~ Demand During Avolded

Bufiding Bullding Damand Poak Perlod Demand

Energy Dmand Durfng  With Generator During

Usagn On-Pank Perlod Oparating  Foak Perfod

Kim KW w W kW

Jon TH,198 2013 oo oo oo

Fob 70,367 180.9 oo oo oo

haar Bi 472 164.0 oo Do oo

Apr B1,358 063 0o 0o 0o

Moy 5 523 2137 0.0 0.0 0o

Junm at.487 aos7 2WET 1487 559

iy 101,156 FEAR:] 2118 1500 618

Auig 105,040 2206 2266 1506 7RO

Sept 97,828 FALE ] 2182 1522 B84

Ot 06,868 2078 oo oo 0o

How 83634 1885 oo o0 00

Do B2 5T LS oo nao oo
Taolals 1,060,857

Summary Arinual Enargy

5

Basalina Elecirc Cooing Plar 108 427

Savings Irom E-G Opevalion 6,142

Ravisad Arnual Ermrgy Cost 102,285

Appandiy Tt - AnquiissBilos San+Chilee-OnPlk

. One engine-panerator set oparmting hours whan coolng required dunng on-peak parid

. E-i3 must cpeeala.lo provide powar 1o chiller any tme chitar oparates during on-paak period

On-Pank pericd - Noan @ 6PM sumimer waskoays

Mid-Fagk pernod - B AM I noon, & PM to 11 PW summar weakdays

DR-Peek period - &1 alnar hours
Summer = Juna through Septambor

Electric

Elmctricily  Additional Dwmand
Genorated Enginm Cost
Gas Savings

kiWh thorma ]

o

= D

- o

- ]

- - L]

5073 a1 gl
an7 ol 14

7 E28 1,118 1278
5,592 (kL] 1084

. - g

- a

- 4
24,700 673 4204

Electric  Additional
Energy  Gas Cosi
Cost o Run
Sayings Enginn-Gon
5 ]

o "

o a

o [H]

] o

] ]

758 (A4}
926 [458)
1168 [55T)
831 [i13)

1] ]

o o

4] ]
3ETE {1,831}

Huet
Add
Savings

£

CcCcoDoo

141az
1888
1503

g,142

Number  Number  Avorage  Awernge
Hours  of Hours Generalor  Generator
Generaior in EMiciancy Hourly
Oporating On-Faak Dutput
LY W

o 7]

[+] a

[n} o

a ]

a a
126 126 21:3% dD 3
128 128 231% 453
138 138 23.9% BE.7
114 114 22.0% EER

Q [+]

o i}

14} i}
504 504 230 450

AfAR001




Retall Store, 50000 SF

Los Angeles
B0 KW natural gas generator powering eleciric chiller
Al Cooling Hovrs

Assumptions

=4 G4 Bt B

. Dna ergina-gonesator sel cperaling Bours when coaling reguired
. Ergina-genecaior fued input eificiency ol full ioad, 2E%

Ganeratar capncity, B0 KW
E-(3 must operate to provice powar b ehiller any lime chifer oporaies
Bueiding coolad wilh elactne scrow chiler, 0.7 Kddton

. E-G provides power far alectriz chier
. EMancy of -G varies from 25% a1 100% output 10 15% ot 25% aulput

Snuihem Calfomia Ediscn Rate TOLLGE-28

Damuoetd, 3B Sumime Winbar
Facililins Chorgs G4 S
Orn-eak 16.4 Mg
Mud-Pask 245 o
DffPeak a o
Enargy, 3.k
On-Peak 014638 L1
Md-Paal 0.06513 DCTEI
Of-Pesk 0,04271 D427
Seatharn Califomia Gas Rate GH-10
Erorgy, SAbam
Firsl 100 1rarms 0, 79587 7asaT
Nt 4037 Ihesms 084262 DLE452
Al alhor 051314 DLE1314
Southom Cakfornia Gas Rels G-A0 Gas Cooling
All cootng pos 03858 M
Margiral arargy costs used in analysis
On-Fosk Demand Chargh 6.4 ik
On-Pors Enargy Cost 0.148585 BkWh
040858 Stharm

Gas Caoling Rate

On-Pask pariod - Noan b GFMW summpe waakdoys

Mid-Paak perad - B AM b noan, & PM 12 11 P summer weekdeys
Of-Pank pariod = ol athar hours

Suimmies - Jura through Seplembor

Besuts beiow ano for pn olecire cooling glant powerod from angine-gansraier duning cosling howrs

Jan
Fab
Mar

May
Juna
July

Sppl
Oel
Haw
Dac

Totals

Armasdly 1 owle -

Building

Buflding  Damand During Avalded Efectric  Eleciric  Additional
Building Buflding Bamand Paak Parlad Damand Electricily Additional Demand Energy  Gas Cosl
Energy Dorminnd Puring  With Generator During  Genorated Englna Cost Cost 1o Run
Unagn On-Pask Parfod Cperating  Peak Perlod Gas Zavings  Savings Engine-Gen
kW W kW W kWY EWh tharms 5 4 5
75,198 2013 2093 162.7 488 4 615 7 795 BEE (422}
70,387 (ELE] 1080 152.5 455 3808 702 762 567 {250
A1.472 1060 196.0 1625 415 6520 1,233 713 a2 (B16)
51265 2063 2003 153.1 F12 8,622 1,604 ara 1314 (Ti4)
BB 523 1a7 2937 180.2 E38 13714 2,384 o2 2043 (1188)
1,887 2087 2087 148.7 E5.9 17,350 2,842 918 2584 (14ET)
101,158 2118 2118 16831 81.7 238533 3,607 1t A565 (1898}
106,00 2286 2288 1808 8.0 26,734 4127 1are 3662 (2058}
a7 aa9 2103 2183 153.3 859 23165 3,684 1081 3451 (1939}
o6 BGE 2078 2078 1628 E50 15,840 33272 anz 2007 [1631)
A3 634 190.5 1985 1627 45,8 10,530 1812 760 1629 {as3)
Bz 527 25 M2 1527 438 7,643 1,372 817 1139 {604
1,060,857 166,800 27 660 WEET 2480 (13,900)

Surmneary Anrual Enengy

Hasoling Eloctrs Cooling Plam 10m.427

Snvings lram E-B Oparallon nm7

Raviand Anmal Enargy Cosl BE 510

Bam e Al TaneFHilA] Me

Met
Add'l
Havings

]

1081

aBx
1070
1388
1854
2035
678
3203
2683
2487
1444
127

21817

Humb-ar
Haurs
Genorator
Oparating

136
130
B
292
412
A5
sar
601
L
5ar
33z
244

4,550

Humber
al Hours

in
On-Paak

156
130
234
Fiird
412
4p5
5848
B
586
gar
a3z
246

4,590

SAveraga
Ganarator
Efficlency

%

18.6%
18.5%
14.1%
14.8%
6%
201%
21.5%
22.1%
21.4%
20.5%
18.5%
18.0%

20.4%

Average
Gunpralor
Haury

Durtput
[

Frar s
233
a4
0.2
333
351
0.8
a4.5
407
Eik]
aze
3

3.4

arimna




b
Retail Store, 50000 SF
Los Angeles

100 HP constant speed englne, 100 tons cooling, 75 kW generator

Assumptans

1, Basnlire sysiom ia ona slechic screw chitar, 078 KWitan {445 COP) required by ASHRAE Stondard 811898

2. Hybrid mystom is gas snging coaling (1.46 COP, 0,02 alectie parasitics) and sbaciric mciprocating cocling (278 Ko
3. 100 HP gaa enging runa &l eonslant speed and fusl conaumplion when cocling nencod during on-paak pafiod

4, §25,000 Bhshrfal consurmption for 100 HP engliv based on average fuel usagn for Toca CH Seces chillers

& Conatant spead, variabia culpal germrmtar with TS KW canacdty

B. After salisfying cooing land, unusad angina HP any heur can ba aed 1o oparate goremmian gonimiar oulpul e with unused enging capasty
7. Balgw 20% coging capacty, coaling sysiom wil oyde; only operale generalor during hours when part Ioad coeling capacily |s above 20%

Southern Caifomia Edison Rate TOLLGES.20

Dernand, SHW SUrmer Wik
Faciivas Chargo 54 54
On-Paak 164 A Cn-Fonk poriod - Haon o 4PM suremer waskdays
Mid-Faak 245 1] Mid-Pank poricd - B AM 1o noan, & PM 16 11 PM summes waskdays
ON-Peak 1] o C#-FPoak pariad - all cthor hours
Summar - Junn Eirmugh Septerioed
Energy, 50
On-Paahk 3.14806 RiA
Mid-Poak 0.08613 Daran — —— e
Off-Paok .04z 004271 Constant Speed - Variabie Output Generator
100 HP Engins + 100 Tena Cacling + 75 KW Ganarsior
Bawsern Calilernia Gas Aate GH-10
Ermergy, $ham 100
First 100 therms 0 7RGET 079587 an
Moo 4047 Ihams 0A4202 084262
Al athor 051314 051314 a0 — —_— —
Soulhom Califorrin Gas Aale G-AL Gas Casling 40
il cookng gas D Aa8kY it o ‘>Y L
] 5
Wargingl energy costs Lesed in analysis 20 A0 EQ an 100 130
Om-Poek Darsard Changs 16.4 B
Cn-Ppak Enemy Cosd 01468 SN
Gia Coolng Raln 040888 Snharm o
Etnsulls below & for @ hybrid cooing Systams Whee gas coaling aparatas turing.an-ponk haurs, sleciis coaling all alfvr hcurs
Buliding
Bullding Camend During Avolded Etectrle  Eleciric  Addldonal Hal Humber  MNumber
Bullding Bullding Demand Pesk Perfad Diarmtand Electricity  Additional Demand  Energy o Cost Add Haure  af Hours
Energy Demand During ~ Wih Generafor Durng  Gendrated Englne Cost Coal fa Fun Savings Generhtor In
Usagn Peak Parfod Operating  Peak Parlad Gas Zavings  Savinge Englne-Gan Qperating  On-Paak
KWW (A W W W KW therms 1 5 1 %
Jan 1730 1823 =1+ ] oo a0 . i} a a a a g
Fab 68,838 ez oo o a.0 - - 1] 4] a a o a
War TBEES 1857 od o an - - 1] i’ a 1] 1] il
Apr b | 1985 [ik+} (k1] a.0 - o a o o o 1]
May 84 4640 bl - oo oo a0 - - o a o o v] o
Jurie 42802 19348 1522 180 24.2 & 405 76 ] a1 [3EB) B9 126 126
duly 88,868 052 1524 1240 18.4 4003 632 31 GBS [315) £33 126 126
Aig 2 458 33T 1527 1618 .8 3,345 508 1 453 (282} #a0 138 138
Sept arar2 bl 1567 1410 148 S04 517 247 550 287} 805 14 114
Dt 00514 07 0o an a0 . - i o i o o o
Mo o402 1801 oo an a0 o 1] o D (1] o
Doz TEA4T 180E ] oo a0 o a o o [+ (4]
Tetnls g&8 812 168,544 2548 743 T4k {1,271] 2047 504 &34
Simmary Anruel Enargy
5
Basalne Ewctriz Cocling Plant 108427
Hytd Cocing Plant BaaTE
Bavings 10,040
Adiitional Snvings with Genecatar 2,947
Tedal Savings 12,186
12188

Swingaion Instnliad Coolirg

Barnndly [ wle o Pas b AAME T

Avernge
Genperatar
EfMiclency

"

24.2%
21.6%
20.3%
1.

22.2%

Byerage
Generatar
Haurly
Dttt
KW

43.8
1.8
245
kil ]




Retail Store, 50000 SF

Los Angeles

100 HP constant speed engine, 100 tons cooling, 75 kW generator runs during all on-peak hours

£
F

-4 g S £

oparales at 20% capacity 82 aczaunl far fus) consamahion

Sauthern Caitomia Edison Rale TOLLEE-28

. Basaling syetem |8 ana elactnc sore chiller, 078 kWRon (445 COF) requimnd by ASHRAE Stancard B001-1958

. Hybrid system is gas engine cocling (.48 COP, 002 electic paresiics) and etociis recprozating cosling (D78 aiton)
100 HP gas enging runs at constant spead ard fuel consumpiian whan cocling nesdad durng on-pealk pefad

. 925 000 Blwhr fusl conswumption far 100 HP engine based on average el usage far Teca CH Sedas chillér

Conatant speed, varnbia oulput generator with 75 kWY capocity
Ahar 'l-i1|ﬂlﬂﬂ ooiing lond, unused anglm HP any Py can e usad 1o opormin goneratarn, gerarakar eulpul whfEE wih unused anging capacily
Gonerior aparales meary baur dufing an.pask pericd svan ¥ cooling load i befow 30%, Below 20% coding canacily, aaaume coolling sy Slam aperalas

Constant Speed - Variable Output Geanerator
100 HP Engine + 102 Tona Coallng + 75 kW Generalor

Demant. SHW Surmer Wirinr
Facitbes Chage 54 54
Cin-Peak 164 A Ori-Prak parad - Haon Lo 8PM sumemer waskday s
e Pank 2.48 o Mid-Fank porind - B AM in ncan, & PM 1o 11 PM summor woakdays
H-Prak o 0 Off-Feak pariod - all other hours.
Sumamar - Juna hrgugh Seplembar
Energy, 5 kWh
Cn-Peaok 01465 [ [
Kid:Pank 005813 a.o7a11
Cff-Peak 0.04274 0,04271
Seutham Coldomin Gas Rate GR-10
Enargy, EEnecm a0
Firat 100 ihorma 0. 7E587 0. TESET 80
Fext 06T therms 464282 DE1262
Al omer @.5131d 051314 1]
Seuthar Califerria Gas Rats G-AT Gas Cosling -
All eocling gos D4mass oY 20
o
Banginal anorgy oot used it asalyels &
Or:Paak Demana Chame 164 BkW
Crr-Papk Enorgy Cost DLILAES Sikih
Gas Cocling Rats 049858 Skherm
Resuns balow ars far a hybd coaling systems whare grs cooling eperstas during n-poak heurs, eleciie coeling all ciher hours
Bullding
Bdlding Demand During Avalded Electric  Electric  Additlonal
Bullding Bullding Demand Peak Period Demand  Elsctricity  Additional Demand  Energy  Gas Cost
Energy Demand Duering With Generalor During  Generafed Englne Cost Cast ta Run
Usage Pk Period Operating  Peak Perod Gas Savings  Savings Englne-Gen
[y KW kW LU E¥h thermis 3 5 L]
Jan 77.308 1923 0.0 no oa a ] a
Fal 86,838 190.2 oo on 0. - a o a
Mar TBAE] 1857 a0 o o0 - a a 1]
#ar T 154.5 an oo g - 1] a 1]
Moy 84,458 2078 0.0 a0 oa - 2 i 0 o
Junm 82562 153.5 18232 128.0 24.2 5449 ThE aes a1g {3H6|
Juy apams 2052 1524 1240 16.4 4,007 LLiF) an 566 {318
fug az.4%3 2227 182.7 161.8 08 3,349 565 14 £1=] (282}
Sopt aTAT: 2128 1547 141.0 148 3,084 577 242 G50 {287]
0 #1514 200.T o on 40 = - 1] a L
Moy Te.a02 1801 oo oo 4.0 - ¥] o] o
5,0 To. 447 163.89 ap oo aa - o 1] ¢
Talnls 988,012 16,544 2548 Q53 2464 2T
Summary Annunl Enamgy
5
Baselina Electis Cotlng Plant 108,427
Hybxd Conling Plam 8,370
Savings 10,048
Addnanal Sovings with Ganeralor 2047
Talal Savings 12,198
Savinganon Instnlind Coofirg 12198

Brmanfiiy T vl . Faa)dbd LD, TEay &) Pank

Hed
Addl
Savings

R
] nnnﬁEEEbuﬂnn w

Kumber
Hourn
Generator
Dperating

== R =R -]

k1]

Number  Average
of Hours Generntor
In Efficlency

On-Peak
%

o

D

L)

@

G
128 24 3%
128 21.8%
128 202%
174 21.8%

a

[#]

o]
504 221%

Average
Gonorator
Hourly
DiAput
EW

435
ELE:]
43
X2 4

18




| | [ |
Retail Store, 50000 5F
Los Angeles

150 HP conetant speed engine, 100 tons coollng, 76 kKW generator

AEaLmpLans

O e R

Batwean 20-50 taps coolirg, 745 KA

. Hasalne syslom is one electic serew chiler, 0.TE KWhon (4 45 COP) roquimd by ASHRAE Slandard 30.1-1889

Hytrid myatem is gas ongino cooing 1,48 COP, 0.02 electie parasliics) and aleciric meiprocating caclng {0.78 KWSany
150 HP gas engino nns a8 cominnd speed and feal consumplion whon coofng nesded dufiag on-peak perisd
1,387,500 Bt fusl conaumptan for 150 HP engine based en averags fual usngs for Teco CH Sedas chillers
. Consian! apoed, vanabie outpul genaralor with 75 KW capacity
Crmraized etgine his HP ovalatle (o cparote a 75 kW gonemalon os fallowe

Batwoan 80-100 tons coaling, genedalor outgud varins praponicaady fram 78 KW down to 37,5 KW
A1 ull conling eoancity, 100 tons, generator can output 37.5 K&
7, Below 20% oocling eapacity, moufing system wil cycle; only opesale ganeralor dudng hours when part lead cooing capacity |3 apove 20%

Southom Callfomia Edisar Rule TOWLGS-28

Damand, B Summer Winles
Facditing Chamgn 64 54
On-Prak 16.4 e,
Mid-Pask 245 a
of-Foak @ @
Enaigy. k%N
On-Poak O.14885 ha
Mid-Pank DODE513 a,07811
. Peak 0427 2.04271
Southem Califciria Gas Rala GN-1D
Enargy, Sthem
Firsd 100 thems nrabar a, 78587
Nt 40T thorms DE4262 0.54282
Al alher 0A1114 a.561314
Soumam Cailfomin Gas Rala G.AC Gas Cocling
All adlirg pas 0L49058 R
Marginal costs used in anakysis
On-Paak Demand Chargn 184 S
Or-Pank Energy Casl 014893 Shvh
Gas Cooling Rota 049858 Sineqm

Fakulls batow &g 0 B hybrll: coling syslems whers gas cocling oporaies during an-peek liours, alecric coaling all olhear fours

Bullding

BuBiding  Buling Demand

Enbrgy  Demand Durng

Usags Penk Paricd

k¥ W WY

Jan 7730 162.3 a.0

Feb 86,838 1.2 oo

Mar THST 1057 on

Aqr TS 1685 a0

May 84,450 2078 an

June A2 AE2 1835 152.2

Juy 80,825 2082 1524

Aug a7 48 257 1827

Sapt aranz 21248 155.7

Ot 514 2007 oo

Mow TE 402 1604 ao

Oec TEA4T 1639 a.n
Totals Q88,812

Summary

Basalira Elactic Coaling Flaal

Hylrit Coaling Flant
Savings

Bulking
bDemand During
Peak Parlod
With Genermntor
Dperating

kv

oa
oa
0
0na
&4
a5
9685
114.4
103.5
0.0
an
a.a

Addsaonal Savings wilh Generabor

Talel Sovirgs

Sawingadton Inatafed Cooling

snnandie © ol . Ramilis-1 00T e

On-Pank padicd - Moan 1o AP aummer weakdays
Mid-Paak pariod - 8 AM ta noon, B PM B 11 PM summnr woakdnys

OM-Pank peried « ull othar hours
Summer - Juna through Saplomber

Avakiad
Darmand
Dhuring
Peak Perlad
kW

oa
a0
0.0
a0
0.0
BT
55,0

Enruel Enangy
§

108,427
neava
10,048

B a5
18,134
61,34

Electricity Additlonal

Generated

W

4,341
8,610
8,454
7812

4,288

Englre
Qan
iHerms

1,357
1,214
1,204
1,10

4878

Constant Spead - Variahle Dutput Gonarator
150 K Engind + 180 Tons Cooling + 75 KW Oapesmiar

100

lile} —
&0 - ——
40

o e
1]

o 13 A B0 80 100 120
Eleciric  Electric  Additional Het  Humber
Demand  Energy  (Gan Cost Add Haurs

Cosl Cost ta Run Savings Generstor
Sayings  Savings Engine-Gon Oparsling

H E] 5

101 1391 1877y 1,728 126

216 1284 |BES) 1,585 126

E29 1,265 (Boa) 1264 138

EAY 1,164 (A50) 1,470 114

b R 12.433) 6,045 504

Average
Ganeratar
Efficiency

%

215%
24.2%
24.1%
24.2%

24.0%

Average
Generatar
Heusty
Dhrtput
kW

A
Gl a
61.8
B05

A2001




Retall Store, 50000 SF
Los Angeles
150 HP conastant speed engine, 100 tons coollng, 75 kW gensrator
Gonerator operates all on-peak hours

Saumeer Califorméa Edison Rate TOUWGS-28

. Baseding syssarm is o elocing scrow chiller, 0,78 KAAon (4,45 COP) mquied by ASHRAE Stangard 90011839

. Hybrid sysiem js gna enging eaeling (145 COP, 0,02 electia parasitics) and lecirs meiprocaling cocling (0,78 kwhan)
| 150 HP ges angine nuns af constant spead and fusl consumgticn during on-peak parisd

Canstar apeed, varlobla culput genersior with 75 KW capacity

1

s

3 .

A, 1,387,500 Bluhr lunl consumpton far 150 HP enging based on avernge fusd usagps lor Taca CH Sories chilars
5

&

Cryersized enging haa HP avallebln o cperals o 75 KW genaralor B8 falkiws
Balwan 0-50 tans cacling, TE kW
Beatwian S0.100 bars cooling, qenarshor culput vanns proporticnady Soam 75 KW down 10 37.5 kW
A1l eoaling capacity, WK fons, penaratar can culpud 37.5 KW

T Balew 20% cooling rapacily, cosling syalsm will eycle; gensrator cpemies duing & an-peak aws

Domand, 5

Fazdilies Cnarp

On-Peak
Mid-Paak
Off-Poak

Energy, $EAN
On-Paak
Mid-Pani
CHI-Peak

Southom Califomia Gas Rata GN-10

Ersigjy, $herm

Firat 10 tharmis
Maat ADGT ihema

All ofhar

Soumern Cakfomin Gas Hain G-AT Gas Cealng

Al ecaling gas

Muorpinal coats iand in nnolysia
On-Peak Dumand Charmge
On-Peak Energy Cost

Gas Cealing Rale

Summar Wirtar
4 Sl
1684 2118
245 u]
@ o
0 14865 M
©oes13 00711
BO427T1 0.04271
o.fasar o, 7asay
08L252 Q.64282
051314 B.6131d
0 49056 FA
184 SHW
014806 Skih
3 £EAGA SAherm

On-Paak parod - Moan 1o GPM summes weakiays
Wid-Paak pardod - 8 AM ta noan, § PR @ 11 PM summor weokdays

Off-Paak pefiod - gl albar howrs
Summer - Juna fheough Seplembor

FRasudts belew ann for @ hybrid coaling systama wherm gas conling opefales durirg an-peak hours, Mactnz cocing all alhor haws

Jan
Fob
Mar
Apr
June
July
Aug
Sapt

Mo

Totals

Buliding
Energy
Unapge
Kih

77.303
88,638
78,533
77761
B2 4508
2582
B9 B9E
B2A56
BT 372
£0,514
70,402
79,447

HE0.B12

Buliding
Buliding  Demand During Ayolded
Bullding Desmand Poak Period Demand
Demand During  With Generator During
Peak Perod Operating  Penk Perod
B W L KW
1623 oo an oo
16502 0.0 oo 0o
1857 ano oo 0.0
1658.5 a.0 oo a.0
2078 [ERs} o a.0
1938 162.2 5 B1.7
2052 152.4 865 L]
bk 53T 1144 3.3
2128 1557 1045 523
2007 oo L] a.n
1609 aa oo an
1538 0.0 og an
Surnmary Armun]iEnurgy
Baselira Elactic Cocling Fam 108 437
Hybuid Cooling Flant 08,378
Savings 10,049
Mddifanal Siinps wit Ganaralot 0,085
Tala! Savings 168,134
Savingaton nstaliad Cooling 161,34

Appanrhy O wlg - Fesofeed ENUS TRk A OnPh

Electricity  Additional
Generited Engine
Gns

EWh fherms

8,241 1,357
aee 1.214
8404 1204
TE1Z 1104
34,766 4874

Constant Speed - Variablo Output Generator
150 WP Engine + 100 Tans Cooling = 75 bl Generator

e

2 o0
1
i ]
E ]
40
E 30 4
§ o
E o
Elpeirie
Demand
Cost
Savings
5
1.611
BiE
[vir]
BST
3413

25

)

76

100

Cooling Lerd (tona or % capacity)

Electric

Energy
Cost

Savings Enginn-Oen
5

1491
1284
1,265
1,164

5104

Additianal
Gas Cost
o Fum

(577)
(B05)

(550

(2.433)

Met
Addl
Savinga

1,726
1,685
1384
1,470

Humber
Hoars
Generator
Operating

126
126
138
14

504

Average
Gensrator
EmMiclency

I1.5%
4. 2%
241%
2423%

24.0%

Avaragn
Generator
Houery
Dulput

T4
s34
818
1R

432001




Retail Store, 50000 SF

Los Angeles
150 HP constant speed englna, 100 tons cooling, 83 KW generalor

Assumpians
- 1. Basolne sysiom is one elocrc scraw chilles, 0.78 BWAon (4.45 COP) requimd by ASHRAE Standard §0,1-15539
Hytiid sysiem |8 gna engine cociing {146 COP, D02 sfecirc pamasilics) and eleciric reciprocating coofang (0.79 ke
150 HP gas arging rirs at corstant speed and fusl consumation whan ceoling needed during on-peak pericd
1,367,500 Blwhr fual consumpSan for 150 HP sngine based an ovesaga funl usege for Teco OH Sordns chdlorms
Carstard spend, vaclable outaud genemalos wilh B3 KW capacity
. Owessizod sngirs hos HP ovolladie 1o oparoba o 83 kW gamerabor os doliows
Batwran 20-25 Iona coaling, gansraior sutpul constan ot 03 kW

Soumem Caldomia Edisan Hate TOU-G5.29

[ e R S

Babwean 25103 tans cocding, genermior cutpul vades propodtionslly fram B3 KW dow bo 37.5 kW
A2 Tl coaling capocity, 190 lona, genembar cen outpul 37,5 KW _
7. Balow 3% coaling capacity, coolitg sysbam wil cycle; only oparata genombar cuing hours whian pard fosd cooling capacity s akaym 30%

Demand, $&WW

Falites Charga

On-Foak
Kid-Peak
e P paEy

Enegy, £ 0H
COn-Prak
Mid-Faak
O Paak

Sputham Calileemia Gas Role GHAT

Enetgy, Bhamm

First 100 tharms
Med JOET Marms

Al athor

Southvam Callfomin Gas Robe G-AC Gas Cooling

All cacfing gas

Manginal costa usad i anatyaia
Cin-Paak Demand Charga
On-Pank Enengy Casl

Ges Coclirg Rata

Summar Winsar
B4 54
1684 A
245 o
(4] 1]
014004 MiA
L8313 0oTeY
o4 0.0£271
D7esE; o.7asay
084262 DE&2E2
051314 081314
D 4ansn MiA
18.4 8w
0148545 £mth
049050 EAlarm

Or-Pack pafiod - Noan 1o 4P summe wenkdays

Mid-Peak pafod - 8 AW 10 noon, B PM @ 11 PM sumimar weekdays
Cit-Fapk pesiod - all alhar hours

Surmmer - June fivcugh Seplombar

| Conatant Spoed - Variable Output Generator
182 bEP Engéne < 100 Tons Cooling + 03 kW Senaradar

Rastiss b=iow are for & hybrd cooling syatams where ges cookng cperntes during cn-poak haur, alectic eoaling oll other heurs

Totals

Ewliding
Energy
Usage
W

77,303
£3,B38
70,883
7S
B AGE
02 007
E7,E05
B A5
B7,372
G0.4514
79,402
79,447

aaLa12

Bullding
Dullding  Demand Duering
Dutling Demand Peak Perlod
Demand Durlng With Grenerator
Peak Perlod Operatlig
ki kW [
1g2.3 i} oa
1802 oo @
1B5.7 ] oa
198.4 a.n a0
207.8 oo a0
1835 162.2 en48
205.2 152.4 48
28T 1427 1144
2128 1557 1034
2007 on a0
1801 ap an
1938 an an
Summary
Hasatnn Socris Cocling Planl
Hyoirid Cesling Plant
Sainga
Aciticrinl Snvings with Genernlor
Teanl Sav

avings
Snvirgaion Insalied Cooling

A 1 wlE . Das e ] ENLE Ay

Avolded
Demard
During
Peak Pariod
KW

0o
4]
oo
el
og
A13
G648
383
521
&0
a0
a0

Ariial Enorgy
5

108,427
6a,aTa
10,048

68213
18,292
16262

an i
o .

o 20 A an an 100
Eleciric  Eleciric  Additiona) Net  Mumber
Ebectricity  Additicnal Domand  Energy Gas Coat Addl Hours
Generated Englna Cost Cost 1o Fun Savings Generafor
Gas Savings Savings Englne-Gen Operating

l¥h therms 3 § 1 §

10123 1357 1,004 1,506 BT 1.838 1246
8,674 1214 213 1,282 1805) 1.590 136
a479 1204 E28 1,363 10 1.2M 138
T.920 1,104 B5% 1,180 [550) 1,404 114

45,200 4,872 3401 E2d4 (2,423) B,213 End

Avaraga
Generstar

Efficigncy
%

5%
24.4%
24.0%
24, 5%

24.6%

Averags
Generatar
Harly
Cutpua
kW

E].4
BB
1.4
6.5

GR.0

L0500




Retall Store, 50000 SF

Los Angeles
160 HP constant speed angine, 100 tons cooling, 93 kW generator
Generator oparates all on-peak hours

ASSUMPTars
Bazaling syalem is one siscine sorew chiller, 0,79 kWkan (4 48 COF) reauimed by ASHRAE Siandard B0 1-1889

Hybrid ayatam b gas ongine cooling (1,48 COR, 002 elsciie pamaiics) and stectris reciprocating cooling (2,78 Bédon)
150 HP gas enging runa &l conslent spesd and fuel consumgtion during en-peak pariod
1,367,500 Brudy fusl consumgation for 153 HP argina based on average fual Lwsags for Taco CH Serles ahitars
Constnm spaed, vanabie cutput genoraar with 823 @0 capatty
Cryeraized engine hes HP availabs o cpemsie a 63 KW ganambor ae fallows

Batwean 0-25 lons coaling, gerarator mulpul constant at 83 kW

Batwnan 25190 fons coaling, geraratar autpul vasies groporiceally from B3 B0 down 1o 37,5 kW

A udl eooling capacity, 00 tars, gemaralor can outoul 37.5 kW
7. Balow 209 cocling capaciy, cooling sysinm wil cyda; anly opamle gefsmlor during Fraurs when paf joad cooling capacty s abawve 20%

Emau -

Soutiiem Coliteenia Ecesan Ralm TOU-GS-28

Demand. SR ShiTETAaT Winlmr
Fedlilies Charga 54 a4
On-Puak 18.4 Mg On-Peak pariad - Naon o 8FM summar wankdys
Mid-Peak 45 & Mid-Peak pevied « 0 AM fo noan & PM 1o 11 PM summor waakdnys
Cft-Paak ] 0] Of-Paak parad - all ather houn
Summar - Junn thraugh Soplembar
Energy. 5.k
Or-Faer R ETL i,
Mid-Poak 0oGa13 ravan ——— m—
Ot Pask PRk 04T Constant Spead - Variable Output Generator

160 HP Engina + 100 Teas Coaling + 93 KW Genarato
Southem Califormia Gos Rals GHAD Ergl ] enarator

Enargy, §ineem 100
First 100 tierma 0 79537 0. TRSET —
B0

i 4087 (harms 0 S 064282
Al aiher 051314 251314 g0 N ‘\
40

Sputhem Caldornia Gos Rabe G-A0 Gas Cooling

Al esaling gas nA98ss KA n - =
o - T
Magnnl cosls wed in analysis o 2 40 (] ] 100 120
Cri-Peak Demand Charga 18,4 MW
On-Foak Enorgy Cosl 0,140895 §kNh
G Cooling Rals 0498458 §5hem — -
Basulls belew ana for @ byiird cooling ayatems whore g cosling opermies during on-pank hours, plectric cooling il alber hours
Bullding
Building  Demand Ouring Avalded Electrie  Electric  AddMianal Mot Mumber
Bullding  Buling Demand Paak Parlod Demand Eleciricity  Addilanal Domand  Energy  Gas Cost Add'l Haoiern
Energy  Demand Durlng  With Generator Durnp Generatod Englnn Cost Cost to Aun Savings Generator
Usage Peak Perod Operaiing  Poak Perod Gan Savings Savings Engino-Gen Operating
kWh W kW L W Kwh therma 5 13 5 5
Jan 77,303 123 oo L] ao - - = 5 F:
Falb 048,538 1802 o i} 1k1] - - - - .
Mar 78,653 1857 oc a0 oge - = Z z X
Apt TR 1885 oo a0 o9 - - “ o =
May {4 458 20TE i a.0 00 3 % : 4 ; 2
Jura B2,682 1935 152.2 9.8 613 10,133 1,387 1005 1509 (517 1,638 128
duly B A 5.2 1524 838 554 8,674 1,214 a5z 1262 [B05) 1,699 1]
g B2 456 T237 1827 114.4 B3 0478 1,204 G2a 12683 |BEA) 1,291 138
Sapl BT.ar2 2128 156.7 1.8 521 7520 1,104 B55 1,180 (550 1,484 114
ot BQ.514 2007 oa 0.0 o = - = e 7 ) .
Mow 9,402 1801 0o on oa . .
DOt 44T 185 6a oo o0 - - b -
Totals BE8,812 45,208 4,078 3407 5,244 [2433) 8213 B4
Summnry Annual Enargy
5
Baseine Eleciic Cooing Fant 108 427
Hybiid Codling Flam 28,378
Savings 10,048
Add@anal Savings with Goneraicr 5213
Tolal Sedngs 16,202
Savirgatan Insialisd Cocling 18282

Arnaadiy [ rle . Fawdie #EALS 270 A0 AaDl

Average
Genetor
Efficlency

%

26 5%
2d4%
24 0
2455

PLE

Average
Generalar
Hoierly
Durtput
L

a04
8648
614
66,5

-]

AR




_— |
Retail Store, 50000
Los Angeles

SF

200 HP constant speed engine, 100 tons cooling, 76 KW genarator

Assumpbans

LR L SR

Soufnam Caliiomen Edisen Rata TOLUJGES:28

Camand, SHW Sumimer ‘Wwinsor
Fagitios Charge 54 54
On-Feak 18.4 A
Mig-Fank 245 (1]
Off-Prak (1] @
Ersargy, 5.kWh
Cn-Fenk R EE ] A
Mid-Faak DOEA%3 DA
Of-Peak Do4271 DoazT
Soutram Celilomia Gas Rate GH-10
Enargy, Stheem
Firat 109 thorms D7nser D.rasay
ot LDGT therma DA4263 084262
All per 051314 051314
Southem Caifamio Gos Ratn G-aC Gns Cocling
All cosling pas 042858 2 TEN
Margingl costs used In anolysis
On-Peok Demand Changa 104 SR
On-Peak Energy Caost 014098 Ex¥Wn
Gaa Codling Rate 0.49858 Ef&nem

. Baselirm system Is cnn oinciric scrow chiller, 0,79 KAAoN (4.45 COF) required by ASHRAE Slandard B0, 1-1895

. Hybeld systom Is gas engine coaling {1.46 COP, 0.02 electric parasitics) and eleciic reciprecating cosling (3,78 kiWon)
200 HP gas ergina runs al sanstenl speed aad tuel consumpson whon cooling nesdad during on-paik pedod
1,B50,000 Etwhr heal consurmption for 200 HP enging basad an averago fusl usage for Tecs CH Soeres chilars
Constant speod, viriabln outoul paneralod wilh 75 KW capacity
Cvarsizod enging has HP avatabls (o operats gananalor at fll lzad contmeows suiput of 75 W

Halow 20% cooling copacity, cating syatam will cycls; ony apormts generntar during haurs when pan load cocling canasty Is above 20%

On-Paal pefiod « Nean iz GPM summer weskdoys

Mid-Prak paiiod - 8 AM ta naon, & PM [ 11 PM sumitmr wisakdoys
Off-Paik peried - all alhar hours

Summer - Juns rough Saptambar

Constant Speed - Variable Output Generator
200 HP Englre + 100 Tors Coaling + 75 KW Genarator

Fanuiis balow am Tor a bybrid cosling syslema whers gas cocling operming during en.gaok heurs, slesing cooling &1 athor baus

Bullding
Energy
Usage
KWWh

Jan Tram
Fab 88,824
Mar 78,883
Apr 7T.751
May 84,458
Junm az8ae?
July 85,804
Aug g2.4%8
Sepl afar
Ot PR
av TEA
Dac Vo447
Tolats B8 §1d

Building
Bullding  Demand During Avalded
Bullding Demand Penk Perlod Demand
Damand Buring Wi Generator During
Peak Perlod Oparating  Foak Porlod
W kW kW kW
1923 0.0 an 0.0
1602 o.n oo .0
1057 oo oo .0
1485 0.0 on &0
20r.B oo 0.0 .0
155.8 152.2 .2 5.0
2052 1524 e 75.0
27 152.7 mwr 75.0
2128 18587 filelr) 750
2007 o o oo
1801 oo Do ao
1638 o (8] a0
SuUMmimarRy Annwinl Energy
5
HAnsaing Elactric Cocling Plar 108,427
Hytiid Caeling Pant 98,378
Sovings 10,049
Additicnal Savings with Ganorator 6,088
Todnl Savngs 17,008
170.05

Savingsfon mstalled Cooling

apaendie O wls - Hpslis-300HPTSey

103
By — + +
G —
] -
20 — —
a -
o io 40 a0 an 100
Electric  Electric  Addiilonal N Numbar
Electricity  Addilonal Demand  Energy Gins Cost Addl Haours
Generated Englne Cast Cosd fo Run Bavings  Guonorator
Gas Savings Savings Englne-Gen Operating
KWh therms 5 5 b
F450 1.0 1,230 1,408 [BET) 1.670 1:-96
G450 1,797 1,230 1408 [ana} 1,742 129
16,350 1,842 1238 1642 {918} 1,653 138
8,550 1,834 1,230 1,274 {B13] 1800 114
a7.800 7210 4,930 5631 |3,595) B ags 04

120

Average
Generator
Efficlency

%

166%
17.9%
18,2%
17.8%

17.9%

AwEragn
Generator
Hourly
Oetpu
kW

Ta.0
750
750
750

T6.0

42004




| | [ |
Retail Store, 50000 SF
Los Angeles

200 HP constant spasd engine, 100 tons coocling, 112.6 KW generator

. Besetne sysiom Is one elecyic scrow chiller, 0,78 Kion (445 COP) requirad by ASHRAE Standand B0.1-1838

Hybid ayalem i3 gas ongine coalng {1.48 COP, 0.02 alectric parositics) and olectric meprocating coaling (.76 kiaian)
200 HP gas engirs runs af constan] spasd and fual consumption when caolng needed during on-pask perod

Canstan] speed, vatable autaul ganarator with 75 KW copacity

1

2

3

4 4,850,000 Biuhr fupl consumption for S00 HP engine basad on averoge henl ueagn far Teco GH Saras chilars
&

5]

‘8, Oraralzed eaging hes HP svalable fo oporate 1128 KW poneralor o3 fallows

Batwean 20-50 bor cocting, 1125 kW

Batwoan 50-100 fons cooling, generator culpld varies proparionally froom § 128 kW dawn to T8 &Y
A0 Tl eooling capecty, 100 1008, generasor can caput T8 KA
7. Baiow 20% cocling capasty, cooling system will cycls, cnly oparate generalor duing hours whan pan iad coaling capacty is sbove 20%

Sauthem Calllomia Edisan Rate TOL-GS-28

Demand, 408 Summar Winlor
Factilles Chams B4 E4
On-Frak 184 A
Khid-Penk 245 1]
Off-Paai a 1]
Energy. £RAT
Un-Peak 014888 HA
Khid-Paak 0068513 a.n7an
O Peak o4z 204271
Sawmem Colilernia Gas Rale GH-10
Energy, SAhem
Firsl 100 therrna [.7B56T 078507
Haxl 4067 therms D A4262 064282
A1 ather 051214 Q51814
Seathern Califomda Gas Rata G-AC Gas Cocling
All cecling gas DARESH A
Marginal costs usad in analysis
(On-Pank Datnand Chargs 84 BN
On-Paak Enamgy Coat 0,74E58 Lu1h
Gas Cocling Rnta 049858 §fham

On-Pank pariod - Noon (o SPW sumemer waskdays

Mid:Prak pariod - 8 AWM 1o ncon, 8 P i 19 PM summior weakdays
Of-Faak peried - all alher bows

Summer - June throwgh Seplembor

Resulis below are for & hybdd coolng systoms where gas coving oparaies dising on-peak hours, slaciriz cooling all otfier heurs

Bullding
Bullding  Demand During
Bullding Bullding Demand Peak Perlad
Energy  Demand During  With Genemior
Uaags Peak Perod Dparating
EWh W L] L]
Jdmn TR 923 Lili] ca
Feb 68, E38 802 a0 oa
Mar 74,633 185.7 ao oo
fpr T7rE 1985 an oo
Moy B4 458 207.8 a.n oo
diane B2,Ea2 1835 1EE2 430
July B, 696 052 152.4 550
Al 52,456 71T 1527 789
Sept BT.372 22e 1557 B0
et [0 514 00T 0.0 a.0
Mo 79,402 1901 an an
D 79,447 e oo an
Totals FEBAY2
Summary
Basnling Elocrs Cocfirg Planl
Hytrid Coaling Plard
Bavings
Addsonal Srengs with Caneraior
Teial Suvings

Sasingston Insiniled Coelirg

Apnany ) ele o Fua 00RO 59 s

Avalded
Damand
Durlng
Foak Perlod
W

an
o0
on
oo
oo
.z
B4
EE
e
o
o4
Rkt

Arnial Enprgy
5

108 427

13,043
10,184
20,247
20247

Constant Speed - Variable Output Generator
200 HP Erigina + 100 Tons Coollag + 4155 bW Dapscaior
120
100 — ]
-] I S
8 |— -
40 }—-
0 f— —
a -
L] | 40 BO B3 100 128
|
Electric  Electrie  Additional Het  Mumber
Electrictty Additional Domand  Endrgy  Gas Cost add’ Holra
Genarsled Enping Cost Cost ta Run Savings Generator
Gns Savings  Sawings Engine-Gen COperating
kW thorms 5 5 1 H
14 058 1,940 1,626 2,035 {EGT) 2.;54 1-20.
13,344 1.76T 1,531 1,840 (E95] 2623 126
13,850 1,842 1.244 2,008 (B8] 2361 134
12,087 1,631 1,472 1,800 B13) 2459 114
53,1068 7,210 LF: T A (3,555) 10,188 504

AvVOTAgn
Generator
Eficiancy

%

24.7%
28.3%
25.3%
I65.0%

25.2%

Average
Genarntor
Hourly
Duput
W

1146
1059

a1
1080

1084

A0




Retail Store, 50000 SF

Los Angeles

200 HP constant spead engine, 100 tons cooling, 112.5 kW ganarator
Generator operates all on-peak hours

Aszumpliodns

B -

oo e

Batwaen 0-50 fons coaing, 112.5 kWY
Batwnen 50-100 fons ceolng, gnnorator culput varas praporionady trom 1125 KW down 1o 75 K&
A1 full eoaling capecity, 100 |ons, generator can sulput 75 kW
7. Balaw 20% coalirg capeeily, coeling systom will cycle: enly cperale gararato: duing hours whan past logd cooling caaasily s ehove 20%

Sautham Califertia Edson Rale TOU-G5-18

Damani, SHW Surnimar winler
Fadlilins Charge 54 Ea
On-Paak 164 i
Mid-Peak 245 a
Off-Pank a a
Enarppy, 5.KWh
Cn-Pank 0.14886 I
Mid-Peak 208613 0.07611
Gff-Fagk 0.04271 Q04271
Sawtiem Calilertia Gas Hala GN-10
Enmmy, Stherm
Fired 104 thesma 3, 7507 0.Me587
Moot ADET thorms 0.64262 QB2
AL ather 051314 61214
Sputham Caolifomia Gas Rats G-AC Gas Conling
Al conling gas 446958 HiA
Marginal cosis wsad in analysis
On-Peak Damand Cnargh 184 5w
Cn-Peak Energy Casl 014806 Skwh
L ABAEA SAkammM

Gas Coaling Rale

. Hasefing sysinm Is one elecric sorew chiller, 0,78 KARon (445 COP) moguind by ASHRAE Standard B0,1-1898
. bipbitd sysieen I8 gas ardgine Socing {146 COP, 0,02 eleciric parasitiza) and slectie recpmesting coaling 19,76 kiviton)
200 HP gas onyginag runs at corstant speed and fuel consumptian during cn-paak period
460,000 Bnathr fusl consumpdon far 200 HI? engine basoed on aversge fus| usage for Teca CH Seras chilens
. Contior spaed, vanable oo gensmios wilh TS EW capocity
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Appendix I

Stress Analysis Sketch
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Appendix J

Emissions Graphs
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Appendix K

Power Output vs. Engine Speed Graph
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