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EXECUTIVE SUMMARY
The commercial viability of diverse technology, evolving customer preferences, and
governmental and non-governmental sustainability goals all point to a future in which Distributed
Energy Resources (DER) achieve greater penetration at the distribution system level and behind
the customer meter. Electric utilities, individually and cooperatively, must develop the capability
to integrate increasing levels of DER into their operations in a manner that enhances, or at least
preserves, reliability and resiliency, and offers opportunities for suppressing and/or reducing
future capital and operational costs.
For the past several years, North Carolina’s Electric Cooperatives, including NCEMC, a generation
and transmission cooperative, and the state’s distribution cooperatives have conceptualized and
operationalized the component parts of a NCEMC Distribution Operator (DO). As conceptualized,
the DO is a single entity that monitors, aggregates, and centrally dispatches DER and Demand
Response (DR) resources, bringing together operational benefits to the distribution system,
positive system impacts on the transmission system upstream, and optimization in the market
interface.
On May 28, 2020, NCEMC and PJM successfully conducted a joint two-part test to demonstrate
the operational capability of the NCEMC DO. Prior to this pilot, the DO had not been fully tested
to assure the viability of concerted operation. This test was performed by exercising edge-ofgrid resource control, providing visibility of DER to the Regional Transmission Operator (RTO) and
Transmission Operator (TOP), and simulating reliability coordination with the TOP utilizing
distribution assets for the benefit of the transmission system.
Tests included a documented process and protocol, communication of events between NCEMC
and PJM, confirmation of perceived results through Measurement and Verification (M&V), and
the verification and utilization of established operational protocols.
The test of the NCEMC DO demonstrated coordination between a TOP and a Generation &
Transmission (G&T) cooperative by exchanging data and operational details of activities taking
place on a distribution system. This coordination enhances situational awareness with access to
20 MW of resources, system reliability, load forecasting, and economic dispatch on the
transmission system, while enabling enhanced operational benefits on the distribution system
and potential cost saving for the portfolio.
The successful test is a significant proof of concept with profound implications for the future of
advanced grid management for North Carolina’s Electric Cooperatives. By coordinating resources
throughout cooperative grids, electric cooperatives in North Carolina are achieving not only a
more efficient, resilient and sustainable distribution system, but are also continuing to expand
the services offered to members and meet the growing needs of our rural communities, in this
decade and beyond.
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NCEMC PERSPECTIVE
This effort successfully demonstrated curtailment of generation and demand-response devices
behind the distribution delivery point utilizing mutually agreed to communication and data
protocols to meet the needs of the RTO while balancing the reliability coordination requirements
of the distribution cooperative.
•
•

Part I of the test curtailed 2.44 MW of resources through 1.94 MW of generation and 500
kW of battery storage charging, of 11.4 MW worth of nameplate capacity, 8.4 MW of
which was available for the test yet not producing at full output due to solar conditions.
Part II of the test reduced 4.33 MW of load from the distribution system from 6.72 MW
worth of nameplate capacity.

Findings for future efforts from a resource deployment perspective include the importance of
automating the DER curtailment process from the Distributed Energy Resource Management
System (DERMS) and continued coordination with third-party vendors on device and system
response during event deployment. From a M&V perspective, NCEMC will continue to work to
refine data availability from member distribution cooperatives and improve the baseline model
to better account for weather anomalies and forecast DR capability. We expect that the impact
of edge-of-grid resources will continue to grow as more devices are added. Cooperatives are
committed to innovation and are taking these steps now preparing to manage the evolving grid
and better serve our members, now and into the future.
PJM PERSPECTIVE
This test provided a concrete exploration of how DOs will increasingly be able to control all the
various types of DER on their distribution systems in response to coordinated protocols from the
RTO/TOP. This could include response to emergency operating procedures, as was tested here,
or it could include actions taken by the DO in response to RTO pricing or local conditions on the
distribution system. While PJM has coordinated the operation of distributed assets in its Demand
Resource programs for years, typically the interaction is between PJM and the DR provider, not
necessarily the G&T or distribution company. In addition, it’s atypical that PJM has any real-time
telemetry to those types of resources, either in aggregate or the individual DER themselves. In
this test, PJM was receiving real-time information about the behavior of both individual DER
(solar, battery storage) and aggregate load delivery points (showing the DR response). PJM
expects that DOs will become increasingly sophisticated in their ability to manage DER on the
distribution system, and this pilot offered an opportunity to test communication and data
exchange protocols so that we may think longer term about what works, what doesn’t, and how
we can improve future coordination in this area.
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OVERALL
The NCEMC DO provides a single coordinated point of contact for utilization of distributed
resources – DER and DR – across multiple distribution entities. This coordinated action allows for
resources to be utilized prior to enactment of more drastic emergency load curtailment
protocols. Beyond reliability curtailment abilities, another key focus area is to realize better
visibility of DER and TOP coordination with distribution companies, especially those that have the
capability to actively manage DERs connected to their systems. More comprehensive
coordination practices in dispatching and curtailing these resources will ensure the transmission
system is operated and planned as effectively and efficiently as possible. This includes the ability
to fine-tune load forecasts and provide operators with better situational awareness for an
operating day.
As local, member-owned utilities, North Carolina’s electric cooperatives will continue to research
and apply innovation to build a more flexible, sustainable and resilient distribution grid that will
better meet the expanding needs of rural members and communities. Due to the success of this
pilot and value added to both PJM and NCEMC, both parties will continue to look for
opportunities to work together on similar projects in the future.
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BACKGROUND
North Carolina’s Electric Cooperatives are implementing a DO environment to enhance
operational efficiencies. As illustrated in the figure below, the NCEMC DO is a single entity that
monitors, aggregates, and centrally dispatches DR and DER resources. North Carolina’s Electric
Cooperatives are pursuing this structure to bring operational benefits to the distribution system
as well as providing support to the transmission system upstream all while optimizing the market
interface.

Figure 1 - DO Hierarchy

The DO also coordinates upstream with the RTO/TOP to improve visualization of activities that
are taking place on the distribution system, commonly referred to as behind-the-meter for the
transmission system. For the TOP, visualization into a distribution system improves situational
awareness and in-turn, can help the TOP make better decisions during system events. These
activities include sharing real-time telemetry of load delivery points, DER locations, DER site
specifications, and real-time production data.
The capability of the NCEMC DO is enabled through a DERMS software tool. This integrated tool
plays a key role in connecting the G&T cooperative and the distribution cooperative by improving
aggregation and visualization of DER connected to the distribution system, facilitating
operational control of edge-of-grid resources and providing a mechanism to react to optimization
opportunities and upstream reliability directives from the TOP. The DERMS tool provides a
platform and a centrally located system for the operational benefit of aggregated control of DER
and DR resources to aid in maintaining system stability, reliability and safety. In summary, the
DERMS has enabled NCEMC to create operational benefits for the NCEMC distribution
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cooperative members and the RTO/TOP while adding a means to facilitate optimization value for
the power supply portfolio for NCEMC.
PARTICIPATING ENTITIES
NORTH CAROLINA ELECTRIC COOPERATIVES
North Carolina’s Electric Cooperatives are comprised of 26 distinct, member-owned, not-forprofit electric cooperatives. These distribution cooperatives have approximately 106,000 miles
of lines that provide electricity for close to 2.5 million North Carolinians, roughly a quarter of the
state’s population and covers almost 45% of North Carolina’s land mass. Each cooperative
independently operates its own distribution system for serving its membership.
NCEMC is the G&T cooperative that provides services, including power supply, to many of the
North Carolina’s electric cooperatives. The North Carolina electric cooperative service territory
spans across three Transmission Providers, Duke Energy Carolinas, Duke Energy Progress, and
Dominion/PJM.

Figure 2 - NC Cooperative Service Territory

Six distribution cooperatives located in the Dominion Zone of PJM participated in the DO pilot:
Albemarle Electric Membership Corporation (AEMC), Cape Hatteras Electric Cooperative (CHEC),
Edgecombe-Martin County Electric Membership Corporation (EMCEMC), Halifax Electric
Membership Corporation (HEMC), Roanoke Electric Cooperative (REC) and Tideland Electric
Membership Corporation (TEMC).
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PJM
PJM Interconnection is a regional transmission organization (RTO) that coordinates the
movement of wholesale electricity in all or parts of Delaware, Illinois, Indiana, Kentucky,
Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West
Virginia and the District of Columbia.

Figure 3 - PJM Territory

Acting as a neutral, independent party, PJM operates a competitive wholesale electricity market
and manages the operation of the high-voltage electricity grid to ensure reliability for more than
65 million people.
In addition to operating the transmission system and wholesale markets, PJM’s long-term
regional transmission planning process provides a broad, interstate perspective that identifies
the most effective and cost-efficient improvements to the grid to ensure reliability and economic
benefits on a system-wide basis.
One key focus area for PJM is to realize better visibility of DER and TOP/RTO coordination with
distribution companies, especially those that have the capability to actively manage the DER
connected to their systems. More comprehensive coordination practices around how these
resources will be dispatched or curtailed will only serve to ensure that the transmission system
is operated and planned as effectively and efficiently as possible. This includes the ability to finetune load forecasts and provide operators with better situational awareness for an operating
day.
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GOALS
The primary goal of the pilot was to demonstrate the operational capability of the NCEMC DO to
receive and respond to reliability directives from the TOP. The pilot test was a simulated reliability
coordination event where the NCEMC DO was provided notice and given the opportunity to
respond to two different simulated scenarios using edge-of-grid resources to reduce load and
generation connected to the distribution systems.
Secondary goals of the pilot test included ensuring the proper data was shared, collected and
archived for event post-analysis, as well as ensuring the proper event communication protocol
was established and used.
SCOPE
The scope of the DO pilot included a jointly-developed, documented process and protocol for
testing and scheduling of DR and DER events; communication of events between NCEMC and
PJM as the RTO/TOP; and confirmation of results through coordinated data collection and an
M&V process utilizing the NCEMC DERMS. The DO pilot test was broken down into two parts to
control edge-of-grid resources in response to TOP directives; Part I of the test demonstrated the
DO’s ability to curtail DER resources injecting energy into the distribution grid while Part II
demonstrated the DO’s ability to reduce load utilizing DER and DR resources.
The following resource types were utilized as part of the DO pilot test. The values in the table
below represent the total resource capacity available for the pilot test:

Technology
(Battery)

(CVR)

(Thermostat)

(Solar)

(Water Heater)

0.50
1

2.715
3 Co-ops

2.83
2,356

10.90
10

0.67
1,110

MW
Device Count

Part I of the pilot tested the curtailment of nine renewable solar sites and the Ocracoke Microgrid
solar and battery storage to help alleviate a simulated “Minimum Generation” event. In a nontesting environment, PJM would call a “Minimum Generation” event when there is or has the
potential to be more controllable generation on the system that load; for example, when solar
farms are producing more energy that the system can consume.
If the supply of energy on the system does not match demand, there could be reliability issues,
so as more DERs connect to the system, it is critical that utilities monitor production and find new
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ways to manage both supply and demand. Part I of the pilot tested the ability of the NCEMC DO
to curtail supply.
Prior to the test, NCEMC discharged the Ocracoke Microgrid battery to 50% remaining capacity
to ensure there would be ample available charging capacity for the test. During Part I of the test,
the battery was scheduled to charge at the maximum charge rate of 500 kW to add load to the
grid. Once Part I of the test was concluded, the battery was fully charged in preparation for Part
II.
Part II of the test included the activation of all available DR programs and the use of the Ocracoke
Microgrid battery storage to respond to a mock “Emergency Demand Response” event. In a nontesting environment, PJM would call an emergency demand response event when consumers are
demanding a lot of energy; for example, during a very hot afternoon when air conditioners across
the system all operate at once. When demand for energy is high, or near peak, the cost to supply
energy to meet that demand is high, and at times, can be in short supply due to the unavailability
of generation. By curtailing demand across the system, cooperatives can not only save on high
supply costs but avoid further steps that could include turning off load until system demand is
reduced or generation becomes available. Part II of the pilot tested the ability of the DO to curtail
demand by using DR programs and storage.
The DR programs that participated in the pilot testing included Conservation Voltage Reduction
(CVR), active water heater temperature control and smart thermostat temperature control. The
Ocracoke Microgrid battery was discharged at 330 kW for a 3-hour event. Once Part II of the test
was concluded, the battery was returned to normal economic dispatch.
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PREPARATIONS
A requirement of Part I of the test was for the NCEMC DO to have the direct ability to curtail
utility scale Qualifying Facility (QF) and community solar sites. To fulfill this requirement,
communications for data monitoring and control was established to sites where NCEMC holds
the Power Purchase Agreement (PPA) and the technical ability exists to participate in the
curtailment exercise. NCEMC and PJM mutually agreed to exclude any QFs that are connected
to a cooperative but sell their output to a third-party.
DER CONTROL
UTILITY SCALE QF SOLAR SITES
NCEMC elected to curtail each utility scale QF participant site utilizing recloser control to trip
each site offline at the point of interconnection. This method provides an immediate relief of
generation to the transmission grid during a system emergency. To meet this objective, NCEMC
approached EMCEMC to establish the connections necessary for the curtailment of five sites. A
data link utilizing DNP3 protocol was established from the NCEMC Energy Management System
(EMS) to the EMCEMC Supervisory Control and Data Acquisition (SCADA) system allowing NCEMC
to send a trip command to each site recloser individually. NCEMC had previously established a
separate link to each utility scale QF site to monitor site output and obtain meter billing data. To
maintain safety protocols on the Distribution system and protect line workers, NCEMC is only
able to trip the QF sites and therefore, at the conclusion of the test a request was made to
EMCEMC to restore each site by closing the recloser through normal operational dispatch
protocols.
INVERTER CONTROLLED SOLAR SITES
The NCEMC community solar sites do not have a recloser to be controlled due to their relatively
small size. Additionally, with ownership of the sites facilitating access to inverter controls,
NCEMC elected to curtail each community solar site utilizing the inverter control to ramp each
site down to zero output. NCEMC approached TEMC, CHEC and REC as test participants for
community solar curtailment of four sites. Cellular data links were established to each site
individually utilizing MODBUS protocol between the NCEMC EMS system and each inverter.
NCEMC also used this same process to establish the link to the Ocracoke microgrid solar.
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DR CONTROL
Part II of the test utilized the NCEMC DERMS platform for scheduling, notification, execution, and
post event M&V of DR devices and notification and M&V for CVR activities.
NCEMC’s DERMS platform is an Open Access Technology International (OATI) product. Currently
DERMS has the capability to activate Customer Owned Generation (COG) assets, smart
thermostats, water heater controllers and provide a notification request to implement CVR, and
curtailable/interruptible customer resources for all of NCEMC’s full power supply requirement
cooperatives with active programs, as well as two partial power supply requirement
cooperatives. DERMS is currently being enhanced to include additional monitoring and control
capabilities for NCEMC and member cooperative community solar, solar plus storage, QF sites
and microgrids; this capability was not available at the time of the pilot and control was manually
performed from the EMS.
NCEMC worked with its member cooperatives to create, deploy and maintain various DR
programs. For behind-the-meter devices (thermostats and water heater controllers), NCEMC
and the member cooperatives utilize various methods of device deployment including member
cooperative programs, Bring Your Our Thermostat (BYOT) programs, and an NCEMC coordinated
large-scale direct sales program. Control of the DERMS assets depends on the specific program;
for example, behind-the-meter devices are typically scheduled and controlled by DERMS via a
third-party vendor’s Application Programming Interface (API) while CVR and curtailable resources
are controlled directly by the member cooperatives or consumers and DERMS provides only an
event request notification and M&V functions.
NCEMC’s COG program is not a demand reduction resource. COG is a service NCEMC and the
cooperatives provide to Duke Energy to support load reduction.
RTO SYSTEMS
In preparation for the simulated events, PJM reviewed with NCEMC the voice communication
protocol and scripts that would be used the day of the event. PJM and NCEMC also reviewed the
existing telemetry points that PJM was receiving to its EMS and PI historian, added missing
telemetry points necessary for visibility during the tests, and confirmed all data was being sent
and received appropriately prior to the day of the event. In addition, we confirmed that NCEMC
would also send an email to the PJM demand response operations team that would provide
additional confirmation to PJM operators that a DR event was taking place outside of an official
PJM Emergency Load Management Event action.
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COMMUNICATION PROTOCOL
DATA COMMUNICATION
Real-time data was exchanged by NCEMC to PJM via an EMS to EMS Inter-Control Center Protocol
(ICCP) connection. NCEMC shares real-time output data of all utility scale DER and all NCEMC
member cooperative load by delivery point.
All necessary data for post-analysis was archived by NCEMC utilizing the General Electric E-Terra
historian product. Data was captured and archived with 1-minute granularity.
Data for post-analysis was archived by PJM utilizing a software tool called PI historian that is
designed specifically for large quantities of data archiving and retrieval.
PJM's SCADA/ICCP system imports data from the NCEMC ICCP link every 2-10 seconds and
archives it in the PI historian. In the PI historian, the data is stored in "low" resolution by default
with a compression setting that allows efficient storage usage for MW/MVAR level data while
saving enough granularity for analysis. For data points that need a more granular view, this
compression setting is manually changed to allow higher resolution for the data that is being
stored. As will be discussed later, this data management system has implications on the
granularity of DER data.
VOICE COMMUNICATION
NCEMC and PJM coordinated to simulate emergency conditions on the PJM system necessitating
actions by NCEMC to assist in relieving emergency operating conditions. Since the simulated
emergencies were only intended for NCEMC and not all PJM members, PJM agreed to use voice
communications directly to NCEMC rather than utilizing the normal electronic communication
through PJM’s emergency notifications webpage or use of the PJM “all-call” telephone
notification system.
For Part I of the test, PJM contacted NCEMC with a pre-arranged “drill” message simulating a
Minimum Generation Event requesting NCEMC to take steps to aid in relieving an excess
generation issue on the system.
For Part II of the test, PJM contacted NCEMC with a pre-arranged “drill” message simulating an
Emergency Load Management Event requesting NCEMC to activate its Demand Response
programs to aid in relieving the emergency by reducing load.
All phone calls were placed according to the testing protocol timing laid out ahead of time and
both parties utilized three-part communication to confirm receipt and understanding of the
message content.
NCEMC/PJM DO Pilot Project
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TESTING PROTOCOL
NCEMC and PJM collaboratively created the testing protocol for both Part I and Part II of the test.
Both Part I and Part II were conducted on the same day and on a date selected by NCEMC. Part
I of the test was conducted beginning at 10:00 EPT with a planned duration of 20 minutes. Part
II of the test was conducted in the afternoon coincident with an actual peak shaving event to
prevent customer fatigue from an unnecessary event and to preserve the limited number of
events associated with some of NCEMC’s DR programs. Part II of the test was conducted
beginning at 16:00 with a planned duration of 3 hours.
The following steps were taken to perform each part of the test. All times, issues and follow-up
questions were recorded as the steps were completed.
PART I
1) At 09:00, PJM placed a mock phone call to NCEMC declaring a “Minimum Generation
Emergency” beginning at 10:00 asking NCEMC to take steps to aid in relieving an excess
generation issue on the system.
2) In response, NCEMC took the following actions in the Dominion Zone area of PJM via the
DERMS and EMS systems:
a. Curtailed 4 Community Solar sites at CHEC, REC and TEMC via inverter control by
changing the inverter output setpoints from 100% to zero percent. All inverters
ramped down to zero percent within 7 minutes of issuing the commands
b. Curtailed 5 utility scale QF solar sites at EMCEMC (QVC I, QVC II, Tolson Farms,
Meeks, Penny Hill) via recloser control by sending a “trip” command from the
NCEMC EMS system directly to the EMCEMC SCADA system
c. Curtailed the Ocracoke Microgrid solar site via inverter control by changing the
inverter output setpoint from 100% to zero percent
d. Sent a “charge” command to the Ocracoke Microgrid controller to begin charging
the battery at the full charge rate of 500 kW to add load
3) NCEMC and PJM were both monitoring real-time data from all impacted sites and verified
all solar production within the project scope had been curtailed
4) NCEMC and PJM captured and archived cooperative member load by delivery point and
solar site generation telemetry data for post event analysis
5) At 10:20, PJM placed another mock phone call to NCEMC declaring the “Minimum
Generation Emergency” event to be over
6) In response, NCEMC took the following actions to restore solar production:
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a. Restored the 4 Community Solar sites at CHEC, REC and TEMC via inverter control
by changing the output setpoints from zero percent to 100%. Each site was
restored to full available output within 7 minutes of issuing the commands
b. Restored the Ocracoke Microgrid solar array to full available production via
inverter control by changing the output setpoint from zero percent to 100%. The
site was restored to full available output within 7 minutes of issuing the command
c. Notified EMCEMC the test had been concluded and requested EMCEMC to
remotely close the recloser at each site restoring power to each site and allowing
all QF solar generation to resume production
7) NCEMC and PJM verified via real-time telemetry that all solar generation production was
restored
8) Part I of the test was concluded
PART II
1) At 15:00, the afternoon of the same day and coincident with the peak hours of the
Dominion zone, PJM placed a mock phone call to NCEMC declaring a “Maximum
Generation Emergency” beginning at 16:00 asking NCEMC to take steps to aid in relieving
an anticipated generation shortage issue on the system
2) In response, NCEMC took the following actions in the Dominion Zone area of PJM via the
DERMS or EMS systems:
a. Scheduled a thermostat event in the DERMS system adjusting Ecobee thermostats
up 3 degrees from their current setpoints for a 3-hour event beginning at 16:00
b. Scheduled a water heater temperature control event in the DERMS system
essentially turning off the water tank heating elements by decreasing the tank
temperature setpoint for a 3-hour event beginning at 16:00
c. Scheduled a 3-hour CVR event in the DERMS system sending out notifications
requesting each Cooperative in the Dominion Zone to initiate a 3-hour CVR event
beginning at 16:00
d. Scheduled a 3-hour discharge of the Ocracoke Microgrid battery in the EMS
system to inject stored energy onto the grid
e. Verified all DR events were properly scheduled and initiated via device indications,
DERMS notifications and viewing event schedules in vendor web portals
f. NCEMC and PJM both captured cooperative load and solar site generation
telemetry data for post event analysis
g. At 19:00, PJM placed another mock phone call to NCEMC declaring the “Maximum
Generation Emergency” event to be over
h. Part II of the test was concluded
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DATA COLLECTION AND ANALYSIS
Both NCEMC and PJM were tasked with collecting and archiving real-time data from each of the
NCEMC cooperative loads as well as each of the DER sites within the scope of the test. This was
important to allow each entity to independently verify the results of the test.
NCEMC
As stated in the Communication Protocol section of this report, NCEMC archives data on a 1minute basis using the E-Terra database platform linked to the EMS system.
During each part of the test, NCEMC documented the output of the generator being curtailed
and the delivery point load to use as an analysis point when comparing to the E-Terra data. As
stated in the Measurement and Verification section of this report, step changes in DER output
and in delivery point load at the end of the DR event were clearly identifiable and correlate to
the actions taken during the test.
PJM
PJM monitored the data during the test as an observer. The system operators were not
monitoring the tests in real-time because the MW impact was not significant to system
operations.
The PI historian that PJM uses captures and archives measured data at either a set time interval
or when the value being archived exceeds a pre-determined delta threshold. Retrieval of data in
between these actual captured values must be interpolated.
Although the PJM data was collected and archived, the PI system compression settings were too
high to clearly see some of the step changes. Also, due to the interpolative nature of the PI
system, many of the data time stamps did not correlate well with actual event times. See the
‘Lessons Learned’ section for a more detailed description.
RESULTS AND OBSERVATIONS
The test was deemed a success as NCEMC and PJM met both their primary and secondary goals.
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WEATHER
The weather in the morning, at the time of Part I of the testing, was a normal summer morning
with regional temperatures near 80 degrees, light winds and no precipitation.
During Part II of the testing, weather was near normal for this time of year with temperatures
reaching the mid 80’s. Prior to the beginning of Part II of the test an afternoon weather system
developed causing precipitation with temperature drop, and a resulting reduction in load. This
type of system is a normal occurrence during the summer months in the region and has a direct
correlation to system load. The below graph illustrates the daily weather from Elizabeth City,
North Carolina, the nearest official weather station to the cooperative members that participated
in the pilot testing.

Figure 4 - Weather Profile from Weather Underground
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MEASUREMENT & VERIFICATION
ASSET/DEVICE SUMMARY & EFFECTIVE DEMAND REDUCTION
NCEMC utilized the DERMS for performing post-event M&V. The DERMS M&V capability relies
on metered data collected from the cooperatives and a baseline function. NCEMC has selected
the PJM 7 Day Acceptance Testing methodology to calculate demand reductions. Delivery point
and behind-the-meter program participant metering for the NCEMC cooperatives is being
collected within DERMS and can be analyzed for event periods.

Figure 5 - Demand Reduction Device and Results Summary

Notes:
1. Cooperative does not have an active CVR program
2. Count DR totals are based on number of devices deployed, participation and verified DR
impact
3. No Thermostat/Water Heater Control program or not tracked in DERMS
The participation rate for thermostats was 76% for this event (10% opted out) and the water
heater controllers was 69% for this event. See the Lessons Learned section for further
information on the participation rate for the water heater controllers.
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Figure 6 - Roanoke Electric Cooperative Residential Meter Data for 5/28 DR Event & PJM 7 Day Acceptance Testing Baseline

In Figure 6 above, a DERMS generated M&V graph, the blue Forecast line is based on weather
normalized historical data, the red Baseline represents the adjusted forecast for the specific day
during the DR event - assuming the event not been called, and the green Measurement line
represents the customer meter data. The grey area from 16:00 to 19:00 represents the DR event
window. A weather event started prior to the initiation of the DR event and continued during it,
which reduced load as shown by the Measurement line decreasing from approximately 13:00 to
17:00. Although some positive DR is indicated, due to the weather event, the amount of DR is
less than would be expected during a normal event.
As stated above, in order to assess behind-the-meter programs (thermostat, curtailable
resources, COG, and water heater controller) NCEMC utilizes customer level and device level
metering. The customer or device level metering is then aggregated to the cooperative level and
compared to a Baseline to assess DR. Through previous thermostat and water heater controller
DR events, NCEMC has verified stipulated values of 1.2 kW/thermostat and 0.6 kW/water heater
controller. Although the effective DR of the devices fluctuates throughout the year, the 1.2 kW
and 0.6 kW values provide an accurate estimation.
During the test, thermostat DR for REC resulted in approximately 220 kW of load reduction. This
result, however, is again difficult to quantitively measure due to the weather event that
overlapped the DR event. For REC’s 1,433 deployed thermostats, it is expected DR could produce
as much as 1.7 MW under normal conditions. A significant drop in temperature and/or solar
radiance during an event can reduce the possible DR response dramatically.
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NCEMC 1-MINUTE TELEMETRY DATA
PART I
All QF solar was curtailed via recloser trip at 10:00 immediately reducing the output of the sites
to 0 kW as shown in Figure 8. Tolson Solar, a 3 MW QF, was offline prior to the test at the request
of Dominion Energy due to maintenance on the transmission system in vicinity of the solar site.

Figure 7 - QF Solar 1-Minute Telemetry Data

All community solar sites, as well as the Ocracoke microgrid solar site was curtailed via inverter
control starting at 10:00. After the command was issued, the site output ramped down at a rate
of seven to ten percent per minute until the output reached zero. Figure 9 below illustrates the
ramping that took several minutes to reach zero output.
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Figure 8 - Community Solar 1-Minute Telemetry Data

Community solar, QF, and Ocracoke solar aggregate curtailment was approximately 1.94MW.
The Ocracoke battery was charged at 500 kW as shown in Figure 10 as indicated by the negative
telemetry value.

Figure 9 - Ocracoke Microgrid Battery Charging 1-Minute telemetry data
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Based on 1-minute telemetry data, the total estimated impact of Part I of the test from DER
curtailment was approximately 2.44MW.
PART II

Figure 10 - Load Sum of All Cooperatives Thant Participated in the Testing

Since the load was already in a downward trend and in the process of turning to an upward trend,
activation of NCEMC DR programs did not produce a noticeable step-change reduction in the load
when initiated but there was a noticeable step-change and a load rebound when the DR events
were ended.
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LESSONS LEARNED
NCEMC PERSPECTIVE
During the test, NCEMC discovered that some of the processes and systems did not perform as
well as expected or were not scalable. The problems experienced fell into the following
categories:
•
•

Lack of program integration into the DERMS requiring labor intensive manual
intervention
Technological/communication challenges

NCEMC is actively working to replace the manual solar curtailment process from the EMS with
an automatic process in the DERMS. Technology challenges and issues with third-party systems
are a known risk and may occur in the future. Staff will continue to work collaboratively with the
third-party vendors to identify, manage, and respond to issues with the goal of ensuring their
systems are reliable and perform when called upon.
At the time of the test, approximately 25% of the deployed water heater controllers were
unavailable due to a required firmware update that could not be installed remotely. The COVID19 pandemic precautions prevented the necessary site visits resulting in lengthy delays in
upgrades and a much lower participation rate than expected. Typical participation for a water
heater control event is 95%.
PJM PERSPECTIVE
Regarding data management, PJM’s OSI PI historian is efficient for storing large amounts of data,
but special considerations need to be made when the data is scaled very small in terms of
megawatts, such as is the case with individual DER sites. By way of example, if a 1,000 MW
generator sends consecutive data points at 1,000.12 MW and 1,000.34 MW, PI would store one
value since they are very close to each other, because greater granularity isn't needed. In the
case of individual DER monitored for this pilot, greater granularity would have been important
because the magnitude of the data is very small, meaning even little changes that are meaningful
in terms of their individual performance were not directly captured but were interpolated.
Moving forward, PJM will explore a ‘DER scaling’ factor to better account for the granularity
needed to assess the performance of DER resources.
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CONCLUSION
In conclusion, the test was successful and met the proof-of-concept goals that were set forth
ahead of time. Aside from the items identified in the lessons learned, this pilot project
demonstrated NCEMC’s ability to receive a reliability directive from the TOP and translate that
into meaningful value-added actions.
Coordination between PJM and NCEMC took place during the pilot as planned with no
communication issues. PJM was able to monitor NCEMC actions and see movements in the data.
Between both companies, there was enough data collected and archived to perform a post-event
analysis and M&V process.
The pilot testing also proved that having a DERMS system for central and simultaneous dispatch
and control of DR and DER resources is key to the success of a DO and will continue to increase
in scope, value and importance as new edge-of-grid devices and resources are added.
As a follow-up to the lessons learned and corrective action plan, NCEMC has proposed another
test once all resources are integrated into DERMS and the system becomes more automated.
This additional test will likely happen in Q4-2020 / Q1-2021.
This pilot also served as a relationship bridge between NCEMC and PJM narrowing the gap
between transmission and distribution operations by adding value through greater situational
awareness and operational coordination leading to increased stability, reliability, and resilience.
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