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DISTRIBUTION GRID NEEDS
The electric utilities’ distribution planning process evaluates and specifies projects to ensure the availability
of sufficient capacity and operating flexibility for the distribution grid to maintain a reliable and safe electric
system. Electric utility distribution planning engineers utilize: (1) forecasts of electric demand; (2) powerflow modeling tools to simulate electric grid performance under projected conditions to forecast
distribution capacity and voltage requirements; and (3) engineering expertise to identify and develop
distribution capacity and voltage management additions that meet forecast conditions that address
identified distribution capacity and voltage requirements, including safety and reliability deficiencies.
The electric distribution system must be planned for transmission, substation and circuit (e.g. feeder)
capability that ensures:
A. Substation and distribution facilities are not loaded beyond safe operating limits;
B. Voltage supplied to the customers is within limits as required by CPUC Rule 2 and industry electric
system reliability standards; and
C. Reliability for customers is assured and improved over time.
As a result of this planning process, electric utilities identify and implement “least cost-best fit” solutions
for the distribution system to provide safe and reliable electric service for all customers. These distribution
solutions may take the form of implementing a traditional utility “wires” or a “non-wires” solution, such as
a DER portfolio, a portfolio that can be comprised of similar or various DER technologies operating in a
coordinated manner, that can defer a traditional utility “wires” solution for a number of years.
For DERs to successfully provide distribution services, they must meet the same technical and operating
standards as the rest of the distribution system such that when DERs are interconnected, they do not
impact the safety and reliability of the distribution grid. In addition, DERs providing distribution services
must also operate in a manner that aligns with the local distribution area’s electrical loading attributes to
ensure safe and reliable distribution service.
Solicitations developed by IOUs requesting DERs to provide distribution services will specify at a minimum
the following primary types of guidance to bidders, which are further described in the following subsection:
i.
ii.
iii.

Services: DERs will be solicited to provide some combination of distribution capacity, voltage, and
reliability/resiliency services.
Attributes: DERs will need to be able to deliver specified services reliably at very precise locations,
at specific times, and in predictable amounts.
Performance Requirements: DERs will be expected to integrate with system operational needs and
deliver verifiable performance.

PRINCIPLES FOR DEFINING DISTRIBUTION SERVICES AND ASSOCIATED ATTRIBUTES
In developing the definition for distribution services and the associated attributes describing the
characteristics of those services, a common set of principles was developed and agreed upon by the
CSFWG. Specifically, the following 4 principles were shared with the CSFWG that formed the foundation
and importance of defining the details around distribution services. These 4 principles were:
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1.
2.
3.
4.

Location of where distribution service is provided
Timing of when distribution service is provided
Level of DER service provided
DER Availability and Assurance of Ability to Provide

Location of where Distribution Service is Provided
The distribution system will require locational specific distribution services to address a constraint on its
system. For example, a distribution capacity deficiency on a substation transformer may be met with DERs
interconnected off that particular substation transformer’s low side connection or off one or multiple
distribution feeders interconnected onto that substation transformer. However, a deficiency on a certain
section of a distribution feeder will require that DERs be interconnected only on the overloaded section to
ensure that overload issue is addressed.
Timing of When Distribution Service is Provided
The distribution system has varying needs that can occur at various times within a day, month, or season.
For example, the electric demand loading profile of a distribution feeder may reveal that high loading may
occur for a few hours in the evening during the summer months, while another distribution feeder may
exhibit high loading for a few hours in the early afternoon during the summer months.
Level of DER Service Provided
The level, magnitude or size of DER service, output or response matters when ensuring the distribution
system can continue to operate safely and reliably to serve customers. Not achieving the full response
required from DERs providing distribution capacity or other services can result in a short fall of capacity on
the distribution system. This shortfall can result in equipment overloads and/or inadequate voltage levels
that affect electric service for end users and their equipment. Conversely, DER responses that result in
higher than required DER output can lead to thermal overloads and/or voltage levels above acceptable
service levels which can lead to equipment damage on the customer side of the meter.
DER Availability and Assurance of Ability to Provide
For DERs to successfully provide distribution services, they must meet the same expectations as the rest of
the distribution system. These DERs must be readily available to provide distribution services with the
same level of certainty as a “wires” solution can provide. The agreement between the DER and the IOU
must include provisions to ensure that not only the DERs will be available, but that these DERs are capable
of producing and then produce the desired level of output or provide the desired level of service at the
right times and for the right time durations.
DISTRIBUTION SERVICES DEFINITIONS
Considering these principles, the CSFWG was able to reach consensus on three key distribution services
that DERs can provide, which may result in deferral of distribution capital costs. Specifically, these three
distribution services are: 1) Distribution Capacity, 2) Voltage Support and 3) Reliability and Resiliency.
Distribution Capacity
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Distribution Capacity services are defined as a load modifying or supply services that DERs provide via the
dispatch of power output (megawatts, MW) for generators or reduction in load that is capable of reliably
and consistently reducing net loading on desired distribution infrastructure. These Distribution Capacity
services can be provided by a single DER resource and/or an aggregated set of DER resources that reduce
the net loading on a specific distribution infrastructure location coincident with the identified operational
need in response to a control signal from the utility.
Examples of traditional “Wires” equipment that currently support providing this type of service include, but
are not limited to are, transformers, overhead and underground line conductors, circuit breakers, and line
and substation switches.
Voltage Support
Voltage support services are defined as a substation and/or feeder level dynamic voltage management
services provided by an individual resource and/or aggregated resources capable of dynamically correcting
excursions outside voltage limits as well as supporting conservation voltage reduction strategies in
coordination with utility voltage/reactive power control systems. DERs providing these services will be
delivering or absorbing real or reactive power (VAr) or a combination thereof to ensure the voltage is within
Rule 21 limits.
Examples of traditional “Wires” equipment that currently support providing this type of service include, but
not limited to, fixed or switchable capacitors, fixed or switchable variable voltage regulators, overhead and
underground line conductors, substation load tap changers, and reactors.
Reliability (Back-Tie)
Reliability (back-tie) services are defined as load modifying or supply service capable of improving local
distribution reliability and/or resiliency. Specifically, this service provides a fast reconnection and
availability of excess reserves to reduce demand when restoring customers during abnormal configurations.
These Reliability back-tie services can be provided by a single DER resource and/or an aggregated set of
DER resources that are able to reduce the net loading on specific distribution infrastructure coincident with
the identified operational need in response to a control signal from the utility.
Examples of traditional “Wires” equipment that currently support providing this type of service include, but
are not limited to are, circuit breakers and relays, reclosers and recloser controllers, switches,
sectionalizers, fault interrupters, SCADA, and FLISR (Fault Location, Isolation and Service Restoration).
Resiliency (Microgrid)
Reliability (Microgrid) services are defined as load modifying or supply service capable of improving local
distribution reliability and/or resiliency. Specifically, this service provides a fast reconnection and
availability of excess reserves to reduce demand when restoring customers during abnormal conf igurations.
1 CPUC Rule 2 describes electric service requirements, which includes the acceptable secondary voltage ranges of electric servi ce to electric
customers.
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In addition, this service will also provide power to islanded end use customers when central power is not
supplied and reduce duration of outages. These resiliency services can be provided by a single DER
resource and/or an aggregated set of DER resources that are able to reduce the net loading on specific
distribution infrastructure coincident with the identified operational need in response to a control signal
from the utility. In a microgrid application it is necessary for a system to match generation to load while
maintaining voltage, frequency, power factor and power quality within appropriate limits. This requires an
isochronous supply resource.
Examples of traditional “Wires” equipment that currently support providing this type of service include, but
are not limited to are, circuit breakers and relays, reclosers and recloser controllers, switches,
sectionalizers, fault interrupters, SCADA, FLISR (Fault Location, Isolation and Service Restoration), and
DERMS (Distributed Energy Resource Management Systems).
DISTRIBUTION SERVICE ATTRIBUTES
Attributes of the needed distribution services further describe the required response from a DER. These
distribution service attributes include: 1) locational specificity as to where on the distribution system that
the desired DER response is needed, 2) level or magnitude of the DER response that is required, 3) timing
and duration of when the DER response is desired and 4) DER availability and assurances of the ability to
provide the services.
DISTRIBUTION SERVICES PERFORMANCE REQUIREMENTS
To ensure that DERs are able to provide distribution services in a safe and reliable manner, a DER will be
required to meet certain performance standards that can be measured by the utility. Depending on the
location and attributes of the local distribution area where DERs are providing these distribution services
and the type of DER, these performance requirements may vary. However, these DER performance
requirements will include at a minimum the following:


System Availability





Data Availability
Response Time Following a Utility Command Signal
Quality of Response (e.g. measurement if DER provided required output for specified duration and
frequency as defined by agreement)

System Availability
For DERs to successfully provide distribution services, DERs must be readily available to provide distribution
services with the same level of certainty as a “wires” solution can provide. The agreement between the
DER provider and the IOU must include provisions to ensure that not only will the DERs available, but that
these DERs are able to and actually produce and provide the desired level of output or service at the right
times and for the right time durations. To ensure DER availability, the utility will require that the DER
developer meet certain pre-commercial milestones during the DER development stage, as well as require
periodic testing prior to and during the delivery term of the DER output to gain confidence that the desired
output is available to provide distribution services.
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These pre-commercial milestones will involve the DER provider submitting scheduled progress reports on
the status of the construction of DERs and associated equipment that are needed to provide the contracted
distribution services.
Periodic DER testing may be scheduled throughout the term of the DER distribution service agreement,
which would include testing prior to approving the DERs for commercial service, as well as prior to the
months leading up to when the distribution services from the DERs would be required.
Subject to the DERs performance with its pre-commercial milestones, as well as during its periodic testing
and operation during a distribution services event, the utility will need to evaluate the DERs availability
during these events as well as its overall performance. If the DERs performance is not satisfactory, the
utility may be required to implement a contingency plan of deploying its alternative “wires” solution if the
DERs are not able to demonstrate the availability or required levels of operational performance to provide
these distribution services. The following figure illustrates and example of how the testing may be
scheduled for DERs providing these distribution services.

Figure 1: Illustration of Testing for DER Availability and Performance
Data Availability
The utility would require visibility into the availability and ability of the DER, which includes information
around when the DER is partially or fully unavailable to deliver output, as well as the current operating
state of each of the resources (e.g. state of charge for energy storage resources) within the DER. This may
require additional communication infrastructure to be deployed by the utility to obtain this operational
visibility into the DER.
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Operationally, the utility may need to build new capabilities in forecasting, monitoring, and grid resource
management to enable higher penetration of DERs and provide grid services. Forecasting compresses to
near real-time to support coordinated transmission and distribution grid planning, control system
algorithms, and decision implementation. Advanced monitoring for real-time situational awareness, power
quality awareness, distribution load flow analysis and accurate monitoring requires enormous levels of data
collection from individual circuits and distributed energy resources at more frequent intervals than before.
New predictive capabilities provide the utility with data-driven insights to understand the local impact of
distributed energy resources.
Response Time following a Utility Command Signal
The utility will require a timely response following a utility command signal for DERs to provide the desired
output to achieve safe and reliable service. Operational communication requirements are evolving based
on a more highly distributed power system. The increasing need is for highly available, low latency 2 fiber
networks to link substation and control center operations, as well as robust, secure wireless field area
networks to support distribution automation, mobile field force automation, and DER integration
leveraging electric utility’s existing multi-tier smart metering communication system. The latency between
utility command signals to actual operation of DERs will be a metric that will be included as one of the DER
performance requirements that are providing distribution services.
Depending on the type of distribution service that the utility is procuring, the utility may require DERs to
respond within a few seconds, or faster, for some services such as resiliency (microgrid) or voltage support
services. Other services may provide a longer lead time following a utility command signal, such as for
distribution capacity or reliability (back-tie) support, where the DER may be asked to respond within 30
minutes following an event to ensure that equipment loadings are reduced.
In addition, depending on the type of monitoring and control requirements that the utility may require for
certain locations on the grid, these performance requirement may also include the measuring the utility’s
ability to control the DERs providing these services.
Quality of Response
The quality of the DER response will be measured to ensure the required output amount, duration and
frequency of the DER response was within the desired levels to ensure safe and reliable electric distribution
service. Some of the metrics the utilities may use to measure the quality of DER response include, but are
not limited to:
 DER Readiness & Assurance – Measure the time between when a utility command signal is issued and
when a DER response is provided following a utility command signal. Additional visibility and monitoring
equipment may be required by the utility to measure and confirm that DERs are responding timely and
with the desired amount of output specified.

2 Latency refers to the time from the source sending a voice/video/data packet to the destination receiv ing it.
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 Distribution Services Effectiveness of DER Output – Measure the effectiveness of coordinated DER
dispatch/scheduling to provide distribution services, such as mitigating projected equipment overloads
on the distribution grid. Comparative analysis will be performed evaluating projected equipment
loading levels against actual equipment loading levels. Specifically, this evaluation will compare
equipment loadings “before” and “after” the sourced DERs are dispatched to understand the technical
effectiveness of the sourced DERs. Example data that would be needed to develop metrics: Circuit
simulation data, SCADA data, Smart meter data, DER operational data, etc.
 Distribution Services Effectiveness of DER Output Time Duration – Measure duration of time that DERs
are able to provide required output. Identify if there are any variations in output during the duration of
the desired time period that impact the safety and reliability of electric service for all end users.
Example data that would be needed to develop metrics: SCADA data, Smart meter data, DER operational
data, etc.
EXAMPLES OF DISTRIBUTION SERVICES, ATTRIBUTES AND PERFORMANCE REQUIREMENTS
To better articulate the concepts for distribution services, attributes and performance requirements, the
following hypothetical examples have been developed to further describe these items. Specifically,
examples for services, attributes and performance requirements have been developed for the following:
A.
B.
C.
D.

Distribution Capacity Services
Voltage Support Services
Reliability (Back-Tie Capacity) Services
Resiliency (Microgrid) Services

Example A: Distribution Capacity Services
Background:
Electric Distribution Planning analysis has identified that a distribution substation transformer is projected
to overload in year 2019 during summer peak demand conditions. Specifically, this distribution substation
transformer is projected to serve a peak demand of 13.2 MW, which exceeds this transformer’s thermal
capacity rating of 11.88 MW by 11%. Hence, this transformer is projected to overload by 11% under these
peak demand conditions. Furthermore, additional Distribution Planning analysis has projected that this
overload may reach up to 22% by year 2020 for summer peak demand conditions. The following schematic
illustrates this example.
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Figure 2: Example of Projected Substation Transformer Overload
Distribution Capacity Service Requirements and Associated Attributes
To ensure safe and reliable electric service, additional distribution capacity is required for this transformer.
This additional capacity can be achieved through a traditional “wires” alternative, which in this case would
be the addition of a new substation transformer, or via a DER alternative that effectively reduces this
transformer’s net loading to be within its thermal rating. The associated attributes for DERs to provide
distribution capacity services for this location can be described using the four Distribution Services
principles described earlier, which were:
1.
2.
3.
4.

Location of where distribution service is provided by DERs
Timing of when distribution service is provided
Magnitude of DER Output
DER Availability and Assurance of Ability to Provide

Location of Where Distribution Service is Provided by DERs
For this example, to address the projected overload of this transformer, DERs would need to be located and
interconnected off the electrical system “downstream” of the overloaded transformer. This is depicted as
the area in the blue shade in Figure 3. Essentially, for DERs to be effective in reducing loading on this
transformer, they would have to be interconnected within this location.
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Figure 3: Example A - Location Shaded in Blue Depicts where DERs are to be located
Timing of when Distribution Service is Provided
Through additional Distribution Planning analysis, the projected overload condition in 2019 is forecast to
occur during the summer months of August through September. Furthermore, additional analysis around
the timing of this overload reveals that it is projected during the hours of 15:00 to 20:00 for weekdays and
weekends during those months.
The following chart illustrates the projected demand loading of this transformer for the summer months of
August to September.

Figure 4: Example A: Projected Substation Transformer Loading during Summer Months of July - September
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Level of DER Services Provided
For this example the amount of DER response that is required is 1.4 MW during the time frame specified.
The following table summarizes the attributes sought from DERs to successfully provide distribution
capacity services for this transformer. Specifically, this table includes the required amount of DER response
(MW and MVArs) and associated timing and frequency.
Table 1: Distribution Capacity Service Attributes

For this example, the amount of DER response increases from 1.4 MW to 2.6 MW by year 2020.
Furthermore, as demand continues to grow, by year 2021 the amount of DER response increases to 3.6 MW
with the time frame and duration of DER response also expanding.
In addition to the level of DER response that is to be provided, the utility may require that the level o f DER
response be provided within a certain time frame. For this distribution capacity services example, under
projected 2019 conditions, the utility may require that within 30 minutes following a utility command signal
to the DERs, the DERs are to reach the desired full output of 1.4 MW for a duration of 5 hours per event.
DER Availability and Assurance of the Ability to Provide
For DERs to successfully provide distribution capacity services, DERs will need to ensure their availability to
timely and reliably respond to utility control signals for providing the necessary output. As discussed
previously, the utility may require that DERs demonstrate performance and measurement requirements
around availability and assurance during various phases of the DER contract delivery term. These
performance and measurement requirements include meeting pre-commercial milestones, satisfactory
results with DER commissioning, satisfactory periodic distribution service testing, satisfactory distribution
service performance for an event. For this example, the following figure illustrates how the various tests
that the utilities may require demonstrating DER availability and assurance.
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Figure 5: Example A -Schedule of DER Availability and Assurance Requirements
For this example, the distribution capacity service need date is for July 2019. The DERs are to be
commissioned in June, a month prior the July date to allow for any potential slippages. Prior to the DER
distribution services commissioning date, the DERs are to be tested to ensure DERs are responding to utility
test control signals timely and at the required amount and for the desired durations. The utility will to
assess the results of the DER testing and determine if a contingency plan would be needed prior to the July
2019 date. If a contingency plan is required due to the results of the DER performance, the utility may
develop alternate plans, such as requiring temporary mobile generation to provide the distribution services
until the utility can develop the “wires” solution or have the DER developer correct their DER performance
deficiencies.
Example B: Voltage Support Service
Background
Electric Distribution Planning utilizes modeling tools to perform power-flow studies of the distribution
system simulating electric grid performance. The loading values inputted for each distribution feeder are
based off of forecasted values. The 2016 results from the power flow identified a feeder with steady-state
voltage below the CPUC Rule 2 limit at specific sections on a highly residential feeder. Furthermore,
recorded data for this feeder revealed a power factor below industry electric system reliability standards.
The area in question is also forecasted to incur future residential development in the next several years
increasing the demand and reducing the voltage further. The following schematic identifies the distribution
feeder forecasted to have voltage violations during peak conditions.
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Figure 6: Example of a Distribution Feeder with Voltage Limit Violations
Voltage Support Service and Associated Attributes
To ensure safe and reliable electric service as well as maintaining compliance with CPUC Rule 2 voltage
limits, additional reactive resources are required. A traditional “wires” solution to provide additional
reactive resources is installing a switch capacitor on the feeder or installing a voltage regulator. Another
alternative is interconnecting DERs to provide reactive resources effectively acting as a capacitor either
when requested by the utility or provided with a required operating profile. The DER reactive resource
could be from an individual resource and/or aggregated resources capable of dynamically and
demonstrably providing reactive power. The associated attributes for DERs to provide reactive power for
the feeder can be described using the four Distribution Services described above.
Location of Where Distribution Service is Provided
For this example and similar to the Example A, to address the voltage violation DERs would be required to
locate and interconnect to the electric system upstream of the voltage violation occurrence identified by
the utility. The location for the voltage violation is depicted as the area in blue within the following figure.
For DERs to be effective in providing additional reactive resources, interconnection in the area in blue is
required.
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Voltage Violation

Figure 7: Example B - Location within Blue square Depicts where DERs are to be located
Timing of When Distribution Service is Provided
During the Distribution Planning analysis, results from the power-flow model inputting adverse forecast
values projected a reactive resource deficiency during peak conditions starting in year 2017. The peak
conditions are expected to occur during the summer months of August through September. Additional
analysis reveals an operation of DERs providing additional reactive resources are required to occur during
the hours of 13:00 to 20:00 for weekdays and weekends during those months. Due to projected demand
growth over the next several years, this reactive resource deficiency is expecting to increase over time.
Furthermore, the associated time and time duration of the need will also change, which will be further
described in the following sections.
Level of DER Service Provided
For this example, the amount of DER response required during the specific time frame is 0.6 MVArs. The
following table summarizes the attributes from DERs to successfully provide an additional reactive
resource. Specifically this table includes the required amount of DER response and associated timing as
well as frequency.
Table 2 Distribution Voltage Support Attributes
DER Attributes to Procure

YEAR
2017
-

2018
-

2019
-

2020
-

0.6
Aug - Sept

0.65
Aug - Sept

0.7
Aug - Sept

0.7
Aug - Sept

Days when needed

All

All

All

All

Time when needed

13:00-20:00

12:30-20:00

12:00-20:30

12:00-20:00

Duration (hour/day)

7

7.5

8

8

Frequency of Need (days/month)

2

4

6

6

Distribution Capacity Need (MW)
Distribution Capacity Need (MVAR)
Months when needed
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As stated previously, the feeder is expecting to see growth in the next several years; as a result the reactive
power deficiency and associated time are increased in the table from 0.6 Megavolt-amperes reactive
(MVArs) to 0.70 MVArs.
In addition to the level of DER response that is to be provided, the utility may require that the level of DER
response be provided within a certain time frame. For this voltage support services example, under
projected 2019 conditions, the utility may require that within a few seconds or faster (e.g. 6 cycles or 1/10
of a second) following a utility command signal, the DERs are to reach the desired full output of 0.7 MVArs
(or 700 kVArs) for a duration of 7.5 hours per event to provide the required voltage support service to
ensure customer equipment is not damaged.
DER Availability and Assurance of the Ability to Provide
For DERs to successfully provide distribution capacity services, DERs will need to ensure their availability to
timely and reliably respond to utility control signals for providing the necessary output. As discussed
previously, the utility may require that DERs demonstrate performance and measurement requirements
around availability and assurance during various phases of the DER contract delivery term. These
performance and measurement requirements include meeting pre-commercial milestones, satisfactory
results with DER commissioning, satisfactory periodic distribution service testing, satisfactory distribution
service performance for an event. Similar to the distribution capacity services example, the following figure
illustrates the various tests that the utilities may require demonstrating DER availability and assurance for
this voltage support example.

Figure 8: Example B - Schedule of DER Availability and Assurance Requirements
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Example C: Reliability Services – Back-Tie
Background:
Electric Distribution Planning analysis has identified that a distribution feeder is projected to overload by
year 2018 under emergency conditions when providing back-tie capacity support to an adjacent
distribution feeder that has an experienced an outage. Specifically, the distribution feeder back-tie is not
sized appropriately to transfer peak demand from the de-energized distribution feeder to an adjacent
distribution feeder. The following figure illustrates this example.

Figure 9: Example C: Back-Tie Capacity
For this example, the capacity of the distribution back-tie is projected to be deficient by 100 kW by year
2018, which is projected to increase to a 500 kW deficiency by year 2020 due to projected demand growth.
Reliability Service: Back-Tie Capacity and Associated Attributes
To ensure safe and reliable electric service as well as maintaining compliance with the CPUC Rule 2 voltage
limits, additional DER resources may provide additional reliability via incremental back-tie capacity support
following distribution feeder outage conditions. A traditional “wires” solution to provide this additional
reliability service is to reinforce this back-tie with higher rated infrastructure, which could include larger
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size electrical line conductors and higher rated back-tie switches. Another alternative is interconnecting
and operating DERs to provide resources to restore service to customers either when requested by the
utility or provided when a forced outage occurs and incremental back-tie support is needed to serve
electric customers from an adjacent feeder. The DER resources could be from an individual resource
and/or aggregated resources capable of dynamically and demonstrably providing the electrical services to
customers. The associated attributes for DERs to provide resources for the back-tie support can be
described using the four Distribution Services principles described above.
Location of Where Distribution Service is Provided
For this example, DERs would be required to locate and interconnect to the electric system downstream of
the isolating switch, which is shown in the area shaded in blue within the previous figure. For DERs to be
effective in providing this reliability service, interconnection in the area in blue is required.
Timing of when Distribution Service is Provided
Since this service is in response to planned or forced feeder outages, the operation of DERs providing this
service needs to occur immediately after the outage during electric utility restoration efforts. While there
may be some statistical likelihood that the outages will occur during certain periods of time, an outage may
occur at any time and the resources must therefore also be available at any time.
Magnitude of DER Output
For this example, the magnitude of DER output will be needed to ensure electric service can be restored
timely, safely, and reliably to serve end-users. Not achieving the desired output required from DERs would
delay partial or full restoration of electric service for customers on a de-energized feeder due to not having
adequate back-tie capacity support.
For this example, the amount of DER response required during the specific time frame is 0.1 MW for the
years 2018 and 2019, which increases to 0.5 MW by 2020 due to projected load growth. The following
table summarizes the attributes from DERs to successfully provide this service. Specifically this table
includes the required amount of DER response and associated timing as well as frequency. Note that the
actual duration and frequency will be determined based upon historical and forecasted outage events.
Table 3: Reliability: Back-Tie Support Attributes
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DER Availability and Assurance of Ability to Provide
The reliability expectations for DER availability and assurance providing back-tie support are going to
require a high degree of confidence between the utility and DER provider. As discussed earlier, since this
service is in response to planned or forced feeder outages, the operation of DERs providing this service
needs to occur during the outage. While there may be some statistical likelihood that the outages will
occur during certain periods of time, an outage may occur at any time and the resources must therefore
also be available at any time.
Similar to the previous examples discussed earlier, the reliability – back tie services example will follow a
similar availability and assurances schedule.

Figure 10: Example C - Schedule of DER Availability and Assurance Requirements
Example D: Reliability Services – Resiliency (Microgrid)
Background
Electric Distribution Planning utilizes modeling tools to perform power-flow studies of the distribution
system simulating electric grid performance. The loading values inputted for each distribution feeder are
based off of forecasted values. Under normal operating scenarios customers are provided electric service
that meets Rule 2 levels of service, voltage range of 105% to 95% of nominal 120 V, with frequency typically
in the range of 60 +- 0.1 Hz. When a forced or a planned outage occurs, customers will experience a loss of
electrical service. If the outage occurs upstream of a sectionalizing device and there is a downstream open
circuit tie as discussed in Reliability: Backup Capability, then the upstream device is opened, the
downstream ties switch is closed and service is restored to customers on the non-faulted areas of the
feeder. An alternative means to restore service is to create a microgrid. The following figure shows a
distribution feeder with a local microgrid off a feeder branch that has the capability to restore electrical
service to customers in the event of an outage to the feeder that is upstream of microgrid.
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Microgrid

Figure 11: Example of a Distribution Feeder with a Microgrid
Reliability Service: Resiliency (Microgrid) and Associated Attributes
To ensure safe and reliable electric service as well as maintaining compliance with the mandated CPUC Rule
2 voltage limits, additional DER resources may provide resiliency (microgrid) solutions. A traditional “wires”
solution to provide resiliency is to provide an alternative feed to the customers who would be impacted by
an outage. Another alternative is interconnecting DERs to provide resources to restore service to
customers either when requested by the utility or provided when a forced outage occurs on the feeder
upstream of the microgrid. The DER resources could be from an individual resource and/or aggregated
resources capable of dynamically and demonstrably providing the electrical services to customers. The
generation resources must be capable of operating in isochronous mode and must have associated controls
to match generation to load while maintaining voltage, frequency, power factor and power quality within
appropriate limits. The associated attributes for DERs to provide resources for the microgrid can be
described using the four Distribution Services principles described above.
Location of Where Distribution Service is Provided
For this example and similar to the Example A, to restore electrical service DERs would be required to
locate and interconnect to the electric system downstream of the isolating switch that disconnects the
microgrid from the rest of the utility system. The location for the microgrid is shown as the area in blue
within the previous figure. For DERs to be effective in providing reliability service: resiliency,
interconnection in the area in blue is required.
Timing of when Distribution Service is Provided
Since this service is in response to planned or forced feeder outages, the operation of DERs providing this
service needs to occur during the outage. While there may be some statistical likelihood that the outages
will occur during certain periods of time, an outage may occur at any time and the resources must
therefore also be available at any time.
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Level of DER Service
Similar to Example A, the amount of DER response plays a significant role when ensuring the distribution
system can continue to operate safely and reliably to serve end-users. Not achieving the desired output
required from DERs would result in the microgrid collapsing and leaving the customers without service. The
absence can lead to damaging end users equipment and affecting their usage of the electric system. For
this example, the amount of DER response required during the specific time frame is 3 MW and 1 MVArs.
The following table summarizes the attributes from DERs to successfully provide this service. Specifically
this table includes the required amount of DER response and associated timing as well as frequency. Note
that the actual duration and frequency will be determined based upon historical and forecasted outage
events.
Table 4 Resiliency Microgrid Support Attributes
DER Attributes to Procure

YEAR
2017
3

2018
3

2019
3.5

2020
3.5

Distribution Capacity Need (MVAR)
Months when needed

1
All

1
All

1
All

1
All

Days when needed
Time when needed

All
All

All
All

All
All

All
All

Duration (hour/day)
Frequency of Need (days/month)

4
1

4
1

5
2

5
2

Distribution Capacity Need (MW)

As discussed in the previous section, an outage may occur at any time and the resources must therefore
also be available at any time. The response of the DERs in a microgrid may need to be able to respond
instantaneously to ensure customer reliability and electric service is not impacted. Furthermore, as load
growth may continue for certain areas served by a microgrid, the microgrid would also need to consider
how this growth translates to microgrid response time and for the duration of these microgrid services.
Potentially, the duration of these services may increase over time.
DER Availability and Assurance of Ability to Provide
The reliability/resiliency expectations for DER availability and assurance to provide a microgrid service are
going to require a high degree of confidence between the utility and DER provider. As discussed earlier,
since this service is in response to planned or forced feeder outages, the operation of DERs providing this
service needs to occur during the outage. While there may be some statistical likelihood that the outages
will occur during certain periods of time, an outage may occur at any time and the resources must
therefore also be available at any time.
Similar to the previous examples discussed earlier, the reliability – microgrid services example will follow a
similar but extended availability and assurances testing schedule.
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Figure 12: Example D - Schedule of DER Availability and Assurance Requirements
CONCLUSION
The working group has proposed a set of service definitions and attributes based on the electric utilities’
needs as derived through their planning process along with DER market participants’ input into possible
solutions to the utilities’ distribution system needs. The service definitions described encompass different
types of services that DERs could provide and capture the corresponding specific attributes which are
dependent on location, timing, level of service, and availability of the DER. These services and attributes for
each DER will be measured during the commercial relationship of the utility and the DER provider by testing
and visibility mechanisms to ensure that the reliability of the DER service for the customers is assured. And
lastly, that a DER is readily available to provide distribution services with the same level of certainty as a
“wires” solution.
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