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SECTION 16215 - ELECTRICAL POWER MONITORING AND CONTROL INTEGRATION
Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 SUMMARY

A. This Section includes integration of new electrical distribution equipment to PC-based workstation(s) and Energy Management System software provided by Division 15 for monitoring and control of electrical power.
1.2 SUBMITTALS

A. Product Data:  For each type of product indicated.

1. Attach copies of approved Product Data submittals for products (such as switchboards and switchgear) that describe power monitoring and control features to illustrate coordination among related equipment and power monitoring and control.

B. Shop Drawings:  For power monitoring and control equipment.  Include plans, elevations, sections, details, and attachments to other work.

1. Block Diagram:  Show interconnections between components specified in this Section and devices furnished with power distribution system components.

2. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.

1.3 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

See Editing Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.  Retain one of three paragraphs and list of manufacturers below.  See Division 1 Section "Product Requirements."

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

1. Cutler-Hammer Group; Eaton Electrical Inc.

2. GE Industrial Systems.

3. Siemens
4. Square D / Schneider Electric.

2.2 FUNCTIONAL DESCRIPTION

Coordinate descriptions in this Article with power measuring and monitoring work of this Section and with control devices specified in other Sections.  Use sample schedule in the Evaluations and use the Specification Coordination Checklist to assist in coordination.

A. Instrumentation and Recording Devices: Monitoring equipment shall provide the following minimum information to the Energy Management System: 
1. Total instantaneous power (kW)

2. Kilowatt-Hours

3. Power Factor

4. Voltage regulation and unbalance.

5. Continuous three-phase RMS voltage.

6. Continuous three-phase RMS current

7. Periodic max./min./avg. voltage and currnet samples.

8. Total Harmonic Distortion (THD).

9. Voltage excursions.

2.3 SYSTEM REQUIREMENTS

A. Surge Protection:  For external wiring of each conductor entry connection to components to protect components from voltage surges originating external to equipment housing and entering through power, communication, signal, control, or sensing leads.

1. Minimum Protection for Power Lines 120 V and More:  Auxiliary panel suppressors complying with requirements in Division 16 Section "Transient Voltage Suppression."

2.4 COMMUNICATION COMPONENTS AND NETWORKS

A. Transient Voltage Surge Suppression and Electromagnetic-Interference Immunity:  Include in solid-state equipment.  Comply with IEEE C37.90.

2.5 POWER MONITORS

See the "Writing Guide" Article in the Evaluations for discussion on whether this Article should be retained.  Note that the device specified is a monitor and controller and does not include accessories such as instrument transformers and field-mounted sensors.  See the Specification Coordination Checklist for additional details.

A. RMS Real-Time Measurements:

1. Current:  Each phase, neutral, average of three phases, percent unbalance.

2. Voltage:  Line-to-line each phase, line-to-line average of three phases, line-to-neutral each phase, line-to-neutral average of three phases, line-to-neutral percent unbalance.

3. Power:  Per phase and three-phase total.

4. Reactive Power:  Per phase and three-phase total.

5. Power Factor:  Per phase and three-phase total.

6. Frequency.

7. THD:  Current and voltage.

8. Accumulated Energy:  Real kWh, reactive kVARh, apparent kVAh (signed/absolute).

9. Incremental Energy:  Real kWh, reactive kVARh, apparent kVAh (signed/absolute).

10. Conditional Energy:  Real kWh, reactive kVARh, apparent kVAh (signed/absolute).

B. Demand Current Calculations, per Phase, Three-Phase Average and Neutral:

1. Present.

2. Running average.

3. Last completed interval.

4. Peak.

C. Demand Real Power Calculations, Three-Phase Total:

1. Present.

2. Running average.

3. Last completed interval.

4. Predicted.

5. Peak.

6. Coincident with peak kVA demand.

7. Coincident with kVAR demand.

D. Demand Reactive Power Calculations, Three-Phase Total:

1. Present.

2. Running average.

3. Last completed interval.

4. Predicted.

5. Peak.

6. Coincident with peak kVA demand.

7. Coincident with kVAR demand.

E. Average Power Factor Calculations, Demand Coincident, Three-Phase Total:

1. Last completed interval.

2. Coincident with kW peak.

3. Coincident with kVAR peak.

4. Coincident with kVA peak.
F. Sampling:

1. Current and voltage shall be digitally sampled at a rate high enough to provide accuracy to 63rd harmonic of 60-Hz fundamental.

2. Power monitor shall provide continuous sampling at a rate of 128 samples per cycle on all voltage and current channels in the meter.

G. Minimum and Maximum Values:  Record monthly minimum and maximum values, including date and time of record.  For three-phase measurements, identify phase of recorded value.  Record the following parameters:

1. Line-to-line voltage.

2. Line-to-neutral voltage.

3. Current per phase.

4. Line-to-line voltage unbalance.

5. Line-to-neutral voltage unbalance.

6. Power factor.

7. Displacement power factor.

8. Total power.

9. Total reactive power.

10. THD voltage L-L.

11. THD voltage L-N.

12. THD current.

13. Frequency.

H. Harmonic Calculation:  Display and record the following:

1. Harmonic magnitudes and angles for each phase voltage and current through 31st  harmonic.  Current and voltage information for all phases shall be obtained simultaneously from same cycle.

2. Harmonic magnitude reported as a percentage of the fundamental or as a percentage of RMS values, as selected by user.

I. Current and Voltage Ratings:

1. Designed for use with current inputs from standard instrument current transformers with 5-A secondary and shall have a metering range of 0-10 A.

2. Withstand ratings shall be not less than 15 A, continuous; 50 A, lasting over 10 seconds, no more frequently than once per hour; 500 A, lasting 1 second, no more frequently than once per hour.

3. Designed for use with voltage inputs from standard instrument potential transformers with a 120-V secondary.

J. Accuracy:

1. Comply with ANSI C12.20, Class 0.5; and IEC 60687, Class 0.5 for revenue meters.

2. Accuracy from Light to Full Rating:

a. Power:  Accurate to 0.25 percent of reading, plus 0.025 percent of full scale.

b. Voltage and Current:  Accurate to 0.075 percent of reading, plus 0.025 percent of full scale.

c. Power Factor:  Plus or minus 0.002, from 0.5 leading to 0.5 lagging.

d. Frequency:  Plus or minus 0.01 Hz at 45 to 67 Hz.

K. Waveform Capture:

1. Capture and store steady-state waveforms of voltage and current channels; initiated manually.  Each capture shall be for 3 cycles, 128 data points for each cycle, allowing resolution of harmonics to 31st harmonic of basic 60 Hz.

2. Store captured waveforms in internal nonvolatile memory; available for PC display, archiving, and analysis.

L. Input:  One digital input signal(s).

1. Normal mode for on/off signal.

2. Demand interval synchronization pulse, accepting a demand synchronization pulse from a utility demand meter.

3. Conditional energy signal to control conditional energy accumulation.

M. Outputs:
1. Closed in either a momentary or latched mode as defined by user.

2. Each output relay used in a momentary contact mode shall have an independent timer that can be set by user.

3. Output Relay Control:

a. Relay outputs shall operate either by user command sent via communication link or in response to user-defined alarm or event.

b. Normally open and normally closed contacts, field configured to operate as follows:

1) Normal contact closure where contacts change state for as long as signal exists.

2) Latched mode when contacts change state on receipts of a pickup signal; changed state is held until a dropout signal is received.

3) Timed mode when contacts change state on receipt of a pickup signal; changed state is held for a preprogrammed duration.

4) End of power demand interval when relay operates as synchronization pulse for other devices.

5) Energy Pulse Output:  Relay pulses quantities used for absolute kWh, absolute kVARh, kVAh, kWh In, kVARh In, kWh Out, and kVARh Out.

6) Output controlled by multiple alarms using Boolean-type logic.

N. Onboard Data Logging:

1. Store logged data, alarms, events, and waveforms in 80 KB of onboard nonvolatile memory.

2. Stored Data:

a. Custom Data Logs:  Three user-defined log(s) holding up to 96 parameters.  Date and time stamp each entry to the second and include the following user definitions:

1) Schedule interval.

2) Event definition.

3) Configured as "fill-and-hold" or "circular, first-in first-out."

b. Alarm Log:  Include time, date, event information, and coincident information for each defined alarm or event.

c. Waveform Log:  Store captured waveforms configured as "fill-and-hold" or "circular, first-in first-out."

3. Default values for all logs shall be initially set at factory, with logging to begin on device power up.

O. Alarms.

1. User Options:

a. Define pickup, dropout, and delay.

b. Assign one of four severity levels to make it easier for user to respond to the most important events first.

c. Allow for combining up to four alarms using Boolean-type logic statements for outputting a single alarm.

2. Alarm Events:

a. Over/undercurrent.

b. Over/undervoltage.

c. Current imbalance.

d. Phase loss, current.

e. Phase loss, voltage.

f. Voltage imbalance.

g. Over kW demand.

h. Phase reversal.

i. Digital input off/on.

j. End of incremental energy interval.

k. End of demand interval.

P. Communications:

1. Communications shall be compatible with Energy Management System provided under Division 15.
2. Local plug-in connections shall be for RS-232 and 100 Base-T Ethernet.
3. In addition, power monitor shall be permanently connected to communicate via Modbus TCP via a 100 Base-T Ethernet.

The display monitor described in paragraph and subparagraphs below can be replaced by a workstation or a permanently connected laptop if installed at the main office of system manager.  Otherwise, the display monitor would be co-located with the power monitor, but this location is normally unattended and the display monitor will provide data display in case network is down.

Q. Display Monitor:

1. Backlighted LCD to display metered data with touch-pad selecting device.

2. Capable of displaying the following values:
Coordinate list below with meter capabilities specified in subparagraphs above.

a. Current, per phase RMS, three-phase average and neutral.

b. Voltage, phase to phase, phase to neutral, and three-phase averages of phase to phase and phase to neutral.

c. Real power, per phase and three-phase total.

d. Reactive power, per phase and three-phase total.

e. Apparent power, per phase and three-phase total.

f. Power factor, per phase and three-phase total.

g. Frequency.

h. Demand current, per phase and three-phase average.

i. Demand real power, three-phase total.

j. Accumulated energy (MWh and MVARh).

k. THD, current and voltage, per phase.

3. Reset:  Allow reset of the following parameters at the display:

a. Peak demand current.

b. Peak demand power (kW) and peak demand apparent power (kVA).

c. Energy (MWh) and reactive energy (MVARh).

2.6 LOW-VOLTAGE WIRING

A. Low-Voltage Control Cable:  Multiple conductor, color-coded, No. 20 AWG copper, minimum.

1. Sheath:  PVC; except in plenum-type spaces, use sheath listed for plenums.

2. Ordinary Switching Circuits:  Three conductors, unless otherwise indicated.

3. Switching Circuits with Pilot Lights or Locator Feature:  Five conductors, unless otherwise indicated.

PART 3 -  EXECUTION

3.1 CABLING

A. Comply with NECA 1.

B. Install cables and wiring according to requirements in Division 16 Section "Voice and Data Communication Cabling."

Retain one of first two paragraphs below.

C. Wiring Method:  Install wiring in raceway.  Conceal raceway and wiring except in unfinished spaces.

D. Identify components and power and control wiring according to Division 16 Section "Electrical Identification."

E. Label each power monitoring and control module with a unique designation.

F. Grounding:  Comply with IEEE 1100, "Power and Grounding Sensitive Electronic Equipment."

3.2 FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.

Retain subparagraph below to require a factory-authorized service representative to assist Contractor with inspections, tests, and adjustments.

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

B. Tests and Inspections:

1. Electrical Tests:  Use caution when testing devices containing solid-state components.

2. Continuity tests of circuits.

3. Operational Tests:  Set and operate controls at workstation and at monitored and controlled devices to demonstrate their functions and capabilities.  Use a methodical sequence that cues and reproduces actual operating functions as recommended by manufacturer.  Submit sequences for approval.  Note response to each test command and operation.  Note time intervals between initiation of alarm conditions and registration of alarms at central-processing workstation.

a. Coordinate testing required by this Section with that required by Sections specifying equipment being monitored and controlled.

b. Test LANs according to requirements in Division 16 Section "Voice and Data Communication Cabling."

c. System components with battery backup shall be operated on battery power for a period of not less than 10 percent of calculated battery operating time.

d. Verify accuracy of graphic screens and icons.

e. Metering Test:  Load feeders, measure loads on feeder conductor with an rms reading clamp-on ammeter, and simultaneously read indicated current on the same phase at central-processing workstation.  Record and compare values measured at the two locations.  Resolve discrepancies greater than 5 percent and record resolution method and results.

f. Record metered values, control settings, operations, cues, time intervals, and functional observations and submit test reports printed by workstation printer.

C. Correct deficiencies, make necessary adjustments, and retest.  Verify that specified requirements are met.

D. Test Labeling:  After satisfactory completion of tests and inspections, apply a label to tested components indicating test results, date, and responsible agency and representative.

E. Reports:  Written reports of tests and observations.  Record defective materials and workmanship and unsatisfactory test results.  Record repairs and adjustments.

F. Remove and replace malfunctioning devices and circuits and retest as specified above.

3.3 DEMONSTRATION

Services specified in this Article are optional; retain if Project warrants.  Revise hours below to suit Project.  Three or more sessions, four hours each, on different days may be required for complex installations.  Coordinate with Division 1 training requirements.

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain systems.  Refer to Division 1 Section "Demonstration and Training."

1. Train Owner's management and maintenance personnel in interpreting and using monitoring displays and in configuring and using software and reports.  Include troubleshooting, servicing, adjusting, and maintaining equipment.  Provide a minimum of 12 hours' training.

2. Training Aid:  Use approved final versions of software and maintenance manuals as training aids.
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