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Agenda 

• O&R Service Territory 

• O&R Solar Photovoltaic (PV) Generation 

• 5MW Customer PV Project 

• Engineering Analysis (DEW) Distribution Engineering 
Workstation  

• Advanced Automation R&D 

• Summary 
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Orange and Rockland Utilities, Inc 

• Subsidiary of Consolidated Edison, Inc 
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Solar Penetration Rate 

• Total installed solar capacity = 23.56 MW 

• Total solar capacity in the queue = 18.16 MW 

• O&R all-time record peak demand = 1,617 MW 

 
Installed solar penetration rate = 1.46% 

  
Installed & in queue solar penetration rate = 2.58% 
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O&R PV Generation Map 
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Total Number of Installed PV Systems 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
PA 0 0 0 0 0 0 0 0 1 1 4 4 4
NJ 0 2 3 8 13 21 32 40 61 85 143 200 235
NY 2 3 4 9 15 43 74 107 155 203 235 361 771 1550
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Total Capacity of Installed PV Systems (MW) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
PA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.04 0.04
NJ 0.00 0.00 0.01 0.05 0.09 0.14 0.92 0.97 1.58 2.02 4.31 9.75 11.21
NY 0.01 0.01 0.01 0.03 0.06 0.27 0.44 0.68 1.04 1.61 1.90 2.99 6.96 24.68
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Potential PV Impacts on the Grid 

• Voltage Issues 
– Fluctuation 

– High Voltage at light load 

– Overall circuit voltage regulation 

• Protection  
– Potential reverse power flow 

– Proper settings (voltage, cap banks, regulators, LTC) 

– Overall circuit protection coordination 

• Operation 
– Increased equipment operations such as regulators, capacitors, LTC 
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Solutions for Mitigating PV Impacts 

• Power factor solution by adjusting inverter(s) pf settings 

• Regulator, capacitor and line equipment settings changes, 
installation and/or removal 

• Additional monitoring and control 

• Upgrade feeder (conductor and/or voltage) 

• Express feeder (Generation only) 

• Battery Energy Storage 
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Future Technologies 

• Smart Inverter 
– Dynamic VAR compensation 

– Inverter voltage control 

– Ramp rate control 

– New anti-islanding methods 

• New feeder Volt/VAR control schemes 

• Active feeder control 

• Energy Storage 
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5MW PV Project 
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College Campus PV Project 

• Primary Customer – 13.2kV, 3 phase 

 

• There are two O&R feeds into the customer’s main 
switchgear with an open tie breaker 

 

• Customer can manually open one of the main breakers 
and close the tie breaker 
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Presentation Notes
Customer can manually open one of the main breaker and close the tie breaker to switch which feeder they are on in the event of a contingency. 



Circuit Normal Configuration 
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Presentation Notes
You are looking at a auto loop with two feeders. The customer’s 13.2kV switchgear has two incoming O&R feeds via two sectionalizers to Main 1 and Main 2. Normally, both Mains are fed from the normal feed. However, during faults or losses auto loop would operate and Main 2 will be fed from the alternate feed; making the campus the end of the contingent circuit. This changes the impedance substantially from the original circuit layout. Note that the PV system has its own dedicated circuit breaker that provides connectivity to the campus load bus and ultimately the O&R feeder. 



 
Photovoltaic Studies (>2MW) 

 
 • Utilizing DEW, the proposed PV installation is modeled 

according to inverter, array size, and location 

• Complete model of distribution feeder with all secondary 
and primary fed load 

• All electrical assets represented in model (primary 
conductor, capacitors, distribution transformers, etc) 

• Power Flow is run on a set of scenarios that simulate all 
real world operating conditions 
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Presentation Notes
For any PV application greater than 2MW O&R requires that a formal engineering study be conducted to ensure that there wouldn’t be a detrimental effect to our customers, equipment or operating parameters. Utilizing a planning application called Distribution Engineering Workstation (DEW) we developed a comprehensive system model comprising of both the transmission and distribution systems. DEW is a software package that can perform load estimation, impedance calculation, power flow calculations, fault analysis, and capacitor designs to name a few. The analysis can be accomplished on any feeder, substation or any and every combination there in between.  We were able to create a complete model of all the electrical assets represented in the field to include the proposed PV installation. We ran power flow on the model while introducing a set of scenarios that simulate real world operating conditions acquired from our data historians. This is in efforts to produce a specification that the customer can operate off of and can be held to through O&R monitoring.



PV Modeling 

Normal Feeder 

Alternate Feeder 

Campus  
PV Location 

Tie 
Recloser 

• Customer Loads 
• SCADA Measurements 
• Capacitor Voltage Settings 

 

Sectionalizing 
Recloser 
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Presentation Notes
This is the model of the proposed PV in DEW.  We have a two feeder system. The blue and the gray lines depict the separate circuits. Note the location of the PV during normal conditions (center) and during a contingency (end). Upon a contingency the sectionalizing recloser would open and the tie recloser would close thus providing the campus with power from the alternate feeder. The campus location is important for the study we ran as its location would change the characteristics of the circuit. The further the distance the weaker the source.  All of the bulleted parameters were included in the model to provide the most accurate results. JP will elaborate on the capacitor voltage settings later on in the presentation. 



PV Screening Analysis 

• Power flow analysis is performed for each operating 
scenario on the feeder with the PV 

 
• Through a number of iterations, the best inverter power 

factor was determined using trial and error  
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Presentation Notes
We placed our model through a strict PV screening analysis to ensure that the 5MW PV could interface into our system without causing transients, flicker to the surrounding customers, or any other power quality issue. We ran power flow on the model against all extreme operating conditions such as Peak Daytime & Minimum Daytime loads. If the model passed the extreme conditions Full on and full off, then the PV would pass any condition there in between. We specifically looked at voltage regulation, overvoltage, and the transfer scheme adhering to NJS’s criterion. Through trial and error we honed in on the voltage regulation criteria. 



Results for Normal Feeder Configuration 
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Presentation Notes
Through our studies if we kept the voltage change under 1 volt all power quality issues stemming from voltage change should theoretically be mitigated. If the PV were to operate at unity, the voltage difference between full solar output and no solar output would be 1.3 volts. Exceeding the power quality criteria under normal operations.



Results for Contingency Feeder 
Configuration 
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Presentation Notes
In a contingency situation where auto-loop operated the alternate feeder, the impedance on the line is drastically changed since the PV is now attached at the very end of the circuit.  The additional impedance has a large effect on the voltage variation between full generation and zero. Notice during peak load there is too much demand from the college to pick up at the substation. Drastically violating power quality requirements in addition to creating low voltage conditions that result when the PV is OFF. In the event of a contingency during an off-peak hour, if the inverters are set at a .96 lagging power factor the PV can be at full generation if the auto-loop is in the contingent configuration.



Large Campus PV Project Solutions 

• Conservative study minimizing the change the campus had to make in 
their design after procurement or construction  

 

• PV inverters will be adjusted to 0.96 pf lagging to mitigate voltage 
fluctuation on both feeders 

 

• PV SCADA box will be installed to provide remote monitoring and 
control 

 

• Settings and operation modes for the O&R smart capacitors will be re-
configured to provide fixed reactive power to the circuit 
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Presentation Notes
I would like to emphasize that the intent of our PV study was to be conservative.  To not cause operational issues or problems for other customers while minimizing the change the campus had to make in their design after procurement and/or construction. The solutions that resulted from our study are as follows: PV inverters will be adjusted to a 0.96 lagging power factor to mitigate voltage fluctuations on both feeders. O&R will utilize the SCADA box to monitor the power quality of the inverters’ electric output. O&R will also set up two smart switched capacitors in order to provide fixed reactive power to the campus alleviating some of the reactive power pull from the campus out of the feeders.   As a safeguard O&R will have the ability to disconnect via a remote tripping of the interconnection breaker of the PV system until we can work with the customer to analyze and understand the operational conditions. JP will elaborate on the safeguards and controller settings the customer will adhere to later on in the presentation. 



Laboratory R&D at Orange & Rockland 

Instrumentation, Communications, Control Logic, Simulation & Signal 
Generation, Test Yard mock install 

Lab testing and 
development  - 3 phase 
signal generator, sensors 
and control cabinet 

Field Install 
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Presenter
Presentation Notes
Lab is used to learn products and then modify them beyond industry standard. 



Lab Testing 

• Testing performed – controller, instrumentation, SCADA 
Lab Test >>> product is understood = field data is trusted 

• Fault detection of instrumentation/controller setup– shortest fault 
current duration that can repeatedly set a fault flag 

• Accuracy and repeatability from instrument to SCADA screen – Inject 
60Hz current, harmonic current, produce Oscillography 

• Test custom operational code by injecting current and voltage per 
test plan and manipulating SCADA terminal screens, try not to rely on 
the vendor for this 

• Test every function, value, meter word to fully understand 
performance and data produced by known signals 
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Presentation Notes
Analog setpoints – setpoints read/write from SCADA defaulted to zero on power down, but have been moved to non-volatile memoryInsufficient total – some local control was too complex for the limited memory and registers, the size has been doubled. Clamping – the current inputs for pole mounted instrumentation are transducer based for safety/simplicity. The voltage clamping means no alanlog data for fault currnts, has been altered to allow measurmentsNo integrated – need a battery maintenance and power supply feedback device, vendor added this functionalityO&R is moving toward a SCADA box so we can use off the shelf control cab solutions 



O&R Existing Capacitor Controls 

Voltage Control 
Setpoint entered / viewable  at pole only 
Manual operation and maintenance checks at pole only 
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What makes this a Smart Capacitor? 

RTU 

3 Phase Voltage & Current Sensing 

Combined Neutral Current Sensing 

Bluetooth "Near” pole 
programming/file retrieval 

220MHz 
Licensed 

SCADA Radio 

SEL Programmable 
Controller and Power 
Quality Relay  
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SCADA Screens - Operations 

Supervisory Control and Data Acquisition Screens 
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SCADA Screens - Planning 

Control Room Automation Settings Changes 
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SCADA Screens - Engineering 

Power Quality Indicators and Quantities 
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Smart CAP Benefits and Successes 

• SEL meter Neutral Current is returned as BOTH the 
pure 60 Hz component and the True RMS which includes 
all harmonics. 

•Used to determine CAP, oil switch, and fuse health 
remotely in SCADA HMI. CAP device preventive 
maintenance / summer prep now optional (At Pole). 

•  Control setpoints can be remotely changed to “tune” 
CAP control to mitigate measured voltage Flicker and 
trip/close hunting.  
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Smart CAP Benefits and Successes 

• Complete PQ, demand, and event files are 
downloadable via Bluetooth “Near Pole”  

• Used to pinpoint source of random, nuisance fast 
trips not resulting in Lock Out condition.   

• Demand meter files provide actual Voltage change upon 
switch operation for various load, current, and PF values  

• Aid in optimizing Automation Setpoints,  

• Records accurate feeder load profiles. 
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Lessons Learned 

• Radio bandwidth must be managed   
Report Data by Exception – with exceptions . 220MHz licensed radio 
“hub and spoke” coverage provides 9600 Baud for up to 100 devices per 
tower 

Report by exception provides critical statuses and analog trending, 
manual and periodic polling available 

• Separate RTU configured over the 220MHz network 

• Controller defines digital events (quick poll period), RTU defines 
analog events (long poll period) 

• Beware of chattering points (use controller dead-bands and time 
delays) 

• Use loss of voltage to suppress analogs and non-critical events 
for a few minutes 

• SCADA Historian analog trending course, controller demand data 
fine 
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Presentation Notes
Separate RTU – the controller can be used to drive the slave radio, but using a separate RTU that is server configurable (template) over the wireless network allows for wholesale changes as new lessons are learned. Controller defines- DNP3 digital events capture all transitions with timestamp. RTU polls controller for analogs, server template configured report by exception bands define analog events Beware – digital indication for harmonic exceedences have no inherent dead-bands, use time delay on and off timers to dampen transitions when measured values crisscrosses event setpointUse loss of voltage- during trips and recloses the 9600 baud radio system saturates; set a flag to suppress a table of points after 1 loss of voltage, for a fixed time period to ride out fault clearing.SCADA analog – use report by exception to gain course, global trend data. Use local demand meter to gain high resolution trend data.



Lessons Learned 

• Vendor Control Product Limits – and solutions 
Lab Test until the product is understood, so field data is trusted 

• No provision for dead-bands in power quality digital indicators (need 
to program in TD ON/TD OFF) 

• Analog setpoints via SCADA zeroed after controller power down 
(vendor added DNP3 analog values to non-volatile memory) 

• Insufficient total programming elements and limit of 16 
timers/counters/math variables (vendor doubled timers/counters/math 
variables) 

• Clamping (self protection) of Low Voltage analog inputs at 
10VAC/600A primary (Vendor allowed for over-voltage from fault current) 

• No integrated power supply/battery management hardware (vendor 
added) 

• Custom design of controller enclosure (O&R “SCADA ready” box 
designed) 
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Presentation Notes
Analog setpoints – setpoints read/write from SCADA defaulted to zero on power down, but have been moved to non-volatile memoryInsufficient total – some local control was too complex for the limited memory and registers, the size has been doubled. Clamping – the current inputs for pole mounted instrumentation are transducer based for safety/simplicity. The voltage clamping means no alanlog data for fault currnts, has been altered to allow measurmentsNo integrated – need a battery maintenance and power supply feedback device, vendor added this functionalityO&R is moving toward a SCADA box so we can use off the shelf control cab solutions 



PV SCADA Box 
• Main 1 breaker status 

• Main 2 breaker status 

• Tie breaker status 

• PV breaker status 

• Voltage, current, PF, power, 
flicker, harmonics, VSSI, 
demand recorder, 
oscillography events  

• Remote trip of the PV 
breaker through SCADA 

• Remote lockout relay 
reset/clear through SCADA 

• Don’t forget Lagging looks 
Leading! 

13.2kV PV 
System 
Connection 

Main 1 Main 2 

Tie 
PV 

breaker 

  
13.2kV O&R Feeder 

Pole Mounted SCADA 
Control Box  
With Radio 

Communications 

Main Switchgear 

Control 
wiring 

Load Bus Load Bus 
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Benefits to the customer 

• Utilizing O&R in-house analysis and modeling tool 
– Faster turnaround time for the detail engineering study 

– Less expensive than 3rd party consultant 

• Leveraging O&R smart grid technology 
– One box solution to address all the monitoring and control needs 

– Quick and easy installation 

– Fiber optic cable or telemetry are very expensive to install  

– No monthly cost to maintain the dedicated communication line 
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Laboratory R&D at Orange & Rockland 

Investment in R&D pays dividends; Re-tasking SG Controller 

MOAB Control Prototype CAP Control 

SG CAP Control 

PV Monitor   
& Control 

Applied to 
ANY  new 
device control 
requirement 
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Questions? 

Contacts: 

 

Calvin Perez   perezca@oru.com 

 

JP Laglenne, PE   laglennej@oru.com 

 

Lenny Leon, PE  leonl@oru.com 
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Presentation Notes
Perhaps change “expanded control” to enhanced circuit analysis
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