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INTRODUCTION

This e-book looks at how several utilities are meeting DER challenges head-on, looking at
past challenges, and creating opportunities.

To safely and successfully integrate high-penetrations of DER, utilities need to navigate a
new class of complex and interrelated challenges. No two organizations will be completely
alike, but versions of the same operational and economic dilemmas are playing out for many
utilities globally—with many lessons to be learned and shared.

Many companies are turning to data to provide answers. Employees across the enterprise
are looking at new analytical methods to assess and integrate more and more DER into their
networks. Not only are analytics providing answers for operational challenges, they are
expanding access to many economic and social benefits associated with DER.

We hope you take away valuable insights from this compendium to better understand how
Lauren Callaway utilities are managing distributed energy resources today.

The T&D World and UAI Editorial Team
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| LISA MARTIN
@ Program Manager, Austin Energy

OW TO

DISTRIBUTED ENERGY RESOURCES

DETERMINE

THE RIGHT MIX OF DER

The Austin Energy SHINES project optimizes utility-scale and behind-the-meter resources with a mix of

centralized and distributed intelligent systems.
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ustin Energy is transitioning rapidly into a utility

with significantly high levels of renewable re-

sources. In 2015, only 20% of electricity supplied

to customers came from renewable resources.

By 2016, the number was 30%. As the utility
approaches the tipping point of renewable resources being the
majority — with its next major milestone of 65% renewable
energy by 2027 — the transformation becomes profound. Local
consumer adoption of renewables further increases the presence
of distributed energy resources (DERs) and their impact on the
distribution grid. As a large vertically integrated public utility
in a deregulated wholesale energy-only market, the change
requires addressing complex and interrelated challenges that
are both economical and operational.
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Recognizing that versions of the same dilemmas are playing
out for utilities across the U.S. in many different markets, geog-
raphies and regulatory climates, Austin Energy sought funding
from the U.S. Department of Energy Solar Energy Technologies
Office (SETO) program to take an approach that could establish
a model for other utilities. In 2016, it gained partial funding
when it was granted US$4.3 million, the largest award to date
under the Sustainable and Holistic Integration of Energy Stor-
age and Solar (SHINES) program. The objectives of the Austin
SHINES project is to not only help Austin Energy to achieve
its goals but also contribute to advancing utility knowledge for
the industry at large.
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The project goals are as follows:

* Provide a template DER management platform demon-
strating repeatable operational methodologies relevant to
any region

*  Maximize the penetration of distributed solar, valued with
a reliability factor, to meet consumer wants and needs

* Enable distribution utilities to mitigate potential negative
impacts of high penetration levels of photovoltaics (PV)
and other renewable resources

* Provide a system-wide levelized cost-of-energy (SLCOE)
metric for evaluating the grid’s optimal mix of resources
in any region or market structure.
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Schematic of distributed controllers in field and centralized (DERO)
presence in control room, along with data that informs distributed
generation-DERQO analysis.

RENEWABLE GOALS

The long game for Austin Energy is to meet the renewable
goals it has set, which reflect the Austin community’s values of
environmental stewardship and conservation while balancing
the goals of reliability and affordability for the utility and its
460,000 customers. These goals include the following:

*  Offsetting 65% of customer load with renewable resources
by 2027

* Recording 1000 MW of savings from energy efficiency
and demand response by 2027

* Deploying 750-MW utility-scale solar and 200 MW of
local solar, including 100-MW customer-sited PV by 2025

* Integrating 10-MW battery storage and 20-MW thermal
energy storage by 2025

e Achieving net-zero community-wide greenhouse gases
by 2050.

DISTRIBUTED ENERGY RESOURCES

SHINES PROJECT

In a sense, the SHINES project set out to make things compli-
cated. It sought to include the widest possible variety of resources
to rigorously study, test, and evaluate the best approach and en-
able flexibility for different platforms, even as it continued (and
continues) to add renewable resources. Throughout 2016-2017,
the utility considered and collaborated with multiple partners
to assemble what eventually came to include nearly 6 MW of
resources on both sides of the meter to be managed within the
SHINES program:

e Utility-scale energy storage plus PV: A 2.6-MW community
solar farm and two energy storage systems, each 1.5-MW/3-
MWh Li-ion

e Commercial energy storage plus PV: Aggregated storage
installations at three sites, one with 18-kW/36-kWh Li-ion
battery storage and two with 72-kW/144-kWh Li-ion battery
storage (all sites have existing solar of 300+ kW)

* Residential energy storage plus PV: Aggregated storage
installations at six homes (10 kWh each) plus one electric
vehicle connected in vehicle-to-grid fashion (28 kWh avail-
able for grid dispatch) as well as an additional 12 homes
with utility-controlled solar (through smart inverters) and
six homes with autonomous settings on their solar smart
inverters.

VALUE FROM THE WHOLE

Why were these DERs selected? Each was chosen for its
ability to test and measure an important use case and value
proposition. Austin Energy identified three main categories of
value: contributions to system reliability, enhancing customer
satisfaction, and market-related economic benefits.

For example, the grid-scale energy storage systems at both
the Kingsbery and Mueller locations provide market benefits
through two different types of control applications. They can
participate in day-ahead energy arbitrage and realize economic
value through the price differential. The utility also can apply
real-time price dispatching to gain value by reacting to price
spikes as they happen. In terms of reliability, the Kingsbery
and Mueller energy storage system (ESS) also participates in
voltage support programs, reducing losses and increasing the
amount of solar generation that can be deployed. Similarly, by
managing distribution congestion with the ESS at both locations,
the utility safeguards local grid reliability.
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Workers installed Li-ion Y.Cubes as part of utility-scale energy
storage in Mueller neighborhood.

The aggregated ESSs at residential customer locations also
participate in the aforementioned applications and have the
additional benefit of being used for peak load reduction. Far
from seeing residential DER as a threat to the utility, Austin
Energy is finding a win-win in which customer storage can be
tapped to help lower the utility’s transmission cost obligations.
Similarly, through the aggregated energy storage at commercial
locations, the utility is reducing demand charges — lowering
the customer’s bills while realizing system benefits.

At this time, the aggregated ESS at commercial locations can
deliver all the economic benefits (utility peak load reduction,
day-ahead arbitrage and real-time price dispatch), but it is not
set up to realize reliability benefits. Some of this is because of
the nature of aggregation, where the location of assets is not
necessarily known to utility control systems. Voltage support
and congestion management can be highly location specific and,
under certain control structures, this value may be difficult for
certain assets to realize. This is a case where the technology is
capable but the costs of deploying a program could outweigh
the benefits provided.
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View of Austin Energy’s utility-scale ESS with community solar at La
Loma solar farm.

Systems scheduling page of distributed generation-DERO shows
plan for fleet of ESSs.

Overall, while some of the DERs contribute value in nearly all
areas, others may offer more streamlined benefits. For example,
voltage support is the only application use case for the utili-
ty-controlled residential solar. However, when viewed together,
the assets deliver a cohesive and comprehensive impact — if
they are controlled and dispatched optimally.

CONTROL SYSTEMS

The heart of the project is the distributed energy resource
management system (DERMS), which really is a system of
systems that combines local and distributed intelligent controls
in an approach collaboratively designed with Doosan GridTech.

Austin Energy uses local control units — the Doosan Grid-
Tech Intelligent Controller (DG-IC) for grid-scale storage and
the Smart ConnectDER for residential solar — and aggregator
platforms at the grid edge. Each can manage DER assets in
real time. These local controllers also provide data to inform
centralized operations. These distributed controllers are smart
and autonomous, so they can operate independently or collabora-
tively through a centralized control system. Today, this provides
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Austin SHINES Assets and Applications Mix

DISTRIBUTED ENERGY RESOURCES

Benefit Type Control Application
Kingsbery ESS
Grid Scale
Utility Peak Load Reduction
Economic Day-Ahead Energy Arbitrage Yes
Real-Time Price Dispatch Yes
Voltage S t Y
Reliability ORasE S IpRar e
Distribution Congestion Management Yes
Customer Demand Charge Reduction

Distributed Resource

Mueller ESS Aggregated Aggregated Utility -
Grid Scale ESS ESS Controlled Solar
Commercial Residential Residential

Yes Yes

Yes Yes . Yes

Yes Yes . Yes

Yes Yes Yes

Yes Yes
Yes

flexibility to adapt to different scenarios as the utility observes
and defines the best control protocols for different use cases.
In the future, the local controllers’ ability to act independently
could enable the utility to island its energy resources if it wanted
to run microgrids in emergency situations.

Austin Energy also is using the local control systems to address
power quality needs. The controllers help to prioritize operat-
ing modes for real-power use cases, such as power smoothing
and frequency response, and for reactive-power use cases like
power-factor correction and volt/volt-ampere-reactive (VAR)
support. The utility is studying the most effective ways to address
the impact of several different types of renewable resources on
power quality around points of intertie with the grid.

The local control units and aggregator platforms communicate
using open standards, enabling Austin Energy to engage securely
and reliably with multiple present and future technologies. This
is especially important at the grid edge, where the utility faces

= | -

View from La Loma community solar farm toward Austin Energy’s Kingsbery ESS.

6

an ever-expanding number and type of (potentially) connected
resources associated with commercial and residential consumers
and prosumers.

CENTRALIZED CONTROL

Within Austin Energy’s operations centers, Doosan Gridtech’s
Distributed Energy Resources Optimizer (DERO) acts as the
central DERMS platform, informed by the utility’s existing
control systems, including supervisory control and data acqui-
sition. It receives asset data, like resource status and availability,
fed to it by the local control units and aggregator platforms. It
also acquires data from many other sources, including weather,
price, and load forecasts and real-time market prices.

Austin Energy uses DERO to facilitate a two-way flow of
data that encompasses all resources and accommodates multiple
schedules and intervals of data production. Like the distributed
control systems, this centralized system also uses the open
standards Austin Energy sees
as critical to its plan to scale
up as more DERs come on-line.

VALUE AND RELIABILITY

Within the control centers,
DERO gets down to the busi-
ness of optimizing assets. What
does this mean? The DERMS
acts continuously (and on
command) to perform analy-
sis of data to yield actionable
findings to inform distribution
system operators and power
schedulers. The value is in the
details, where analysis of pre-
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Battery container, inverter and switchgear at dusk at Austin Energy’s Kingsbery substation.

cise timing and the impact of aggregating resources can yield
powerful insights.

Which distributed resources should be dispatched in which
way to deliver optimal value? What amount of data is necessary
to achieve sufficient results? How extensively should sensors
or controls be distributed? DERO answers these questions,
effectively aggregating and optimizing the value of

DER while applying a value for reliability in accordance with
user preferences. System levelized cost of energy (LCOE) en-
compasses the cost and performance value of all assets within a
defined distribution circuit. It represents the sum of three costs
— the capital cost of all system equipment, the

operating cost of all system equipment and system LCOE
to serve load — divided by all load served in the system (kilo-
watt-hours).

By synthesizing the streams of operational and market-based
information, DERO derives a system-wide schedule or dispatch
plan. It issues ongoing recommendations to grid operators and
power schedules as well as acts on those recommendations ac-

DISTRIBUTED ENERGY RESOURCES

cording to user preferences. DERO then
makes real-time adjustments in response
to the changing grid, market and resource
conditions throughout each day and night.

Austin Energy is using DERO to dig
into the complexities beyond a single use
case. It is not just knowing the value of
one asset or set of assets but understand-
ing how they can be used optimally to
extract value that benefits the utility, its
customers and other engaged stakeholders
of DER. The solutions worked out daily
are informing a practice and approach to
be applied over time and at scale.

FINDINGS AND PRINCIPLES

The Austin SHINES project continues to expand, with full
deployment complete and a period of demonstration and study
underway to report findings by the end of 2019. The knowledge
outputs of the project will include Austin Energy’s defined plan
to scale DER integration across its enterprise according to the
optimal design and configuration; details on the utility’s control
and ownership use-case findings; shareable principles extracted
from the system-wide levelized cost of energy methodology;
and observations on the performance of the DERO platform.

Clarity is emerging around an approach built on the princi-
ples of unified control systems with centralized and distributed
intelligence as well as the need for holistic analysis that blends
technical and economic objectives. As the utility operates and
observes, it is building a model to address one of the industry’s
key challenges — how best to maximize value and reduce the
levelized cost of energy across an entire enterprise populated
with DER.

I To view this article online, click here
15 BACK TO TABLE OF CONTENTS
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"DER CONTROLWIT

Entergy creates new approaches to better manage the grid that involve more distributed energy resources.

oday, approximately 120 megawatts of custom-

er-owned distributed energy resources, almost all

rooftop photovoltaic systems, are spread out over

20,000 connections at various customer locations

throughout Entergy Corp.’s system. Approximately
83.5 MW of utility-scale solar generation is currently in op-
eration, and additional solar generation is under development.
The company’s distributed energy resources exist in varia-
tions, including utility-scale, utility-owned, behind-the-me-
ter and customer-owned solutions. The incorporation and
improved visibility into and management of DERs is key to
the utility’s approach to providing increased resiliency to
customers in higher-risk weather-prone areas, such as New
Orleans, Louisiana, U.S.

CHANGE & GROWTH

As DERs and new technology appear in increasing numbers
on the grid, they are changing customer expectations for reli-
ability and service. They are also challenging grid operations
as the company juggles the impacts of new assets, particularly
those that are customer-owned or third-party-owned at the grid’s

8

edge. Fortunately, these assets often are intelligent and can be
remotely controlled assuming that communications can be
addressed as well as access rights. This distributed intelligence
capability creates opportunities to co-optimize and integrate the
operation of both utility- and customer-owned assets. Co-opti-
mization requires enhanced telecommunications, cybersecurity
and distributed analytics to manage rapidly changing bidirec-
tional power flows.

To do this effectively, Entergy is implementing centralized and
distributed analytics while enhancing cybersecurity. Together,
these steps should help to transform the utility’s customer ex-
perience. However, to respond to customer needs and continue
providing safe, affordable and reliable power, Entergy also
identified the need to transform how it thinks about DERs.
Entergy is now involved in industry-leading efforts to support a
more interoperable approach to deploying system components.
It supports the shift to data-centric technology connecting soft-
ware applications to the data, and not to each other. Entergy feels
this is a more effective way to implement systems to support
distributed generation, distributed storage, energy efficiency and
demand response at a greater scale than currently seen.

i GET MORE AT: Q T&DWorld. & %2 UAI.


https://www.tdworld.com?code=UM_EB3
https://utilityanalytics.com?code=UM_EB3

T&D WORLD AND UTILITY ANALYTICS LIBRARY

NEEDS

Today, most software systems used to manage operation of
the grid are point-to-point, integrated with each other on an
as-needed basis to support a specific function or set of functions.
Introducing another software application into daily operations
typically involves also implementing and maintaining another
set of integrations to other related applications. As such, the
complexity of coordinating, maintaining and securing this bundle
of operational systems grows exponentially with the number of
points that require integration.

This approach makes it difficult to manage a variety of in-
formation technology and operational issues associated with
operating the grid, including the following:

e Incorporation of new supply-side and demand-side assets
e Security of assets and systems

e Interoperability of differing vendor devices and systems
* Upgrading assets in the field

*  Certification of assets and operations

e Optimization of systems and assets

* Routing and quality of service

e Incorporation of new languages and platforms.

e Data-Centric Approach

Entergy is evaluating an alternate approach that involves
the use of a data bus, a common location where data is made
available and applications “subscribe” to the data to use it, for
the integration of disparate devices and systems. This approach
satisfies the desire to implement data-centric sharing and filter-
ing of data. Implemented correctly, it supports an any-to-any
interoperability architecture that should offer more reliability
and scalability, quality-of-service control, the potential for
automatic discovery, no use of servers or brokers, improved
security and the ability to interconnect systems developed in
very different environments such as C, C++, Java, Python,
LabVIEW and others.

NEW ORLEANS SOLAR POWER PROJECT

This is the focus of an evaluation project taking place at
Entergy’s New Orleans solar power plant. This is a combined
solar and battery storage pilot facility. Built on approximately
15 acres (6.07 hectares) of company-owned property, it inter-
connects to the rest of the Entergy system at 13.2 kV and has
been in service since June 2016.

DISTRIBUTED ENERGY RESOURCES

The project deployed grid edge analytics at the solar plant
site with the following configuration of assets:
* 1.08-MWAC of ground-mounted solar with single-axis
tracking
*  Two 600-kVA inverters
*  500-kWh 1-hr Li-ion battery

e Solar inverter (APIS system) with Modbus communications
enabled

* Battery storage (APCS system) with Modbus communi-
cations enabled.

The work to date represents an initial phase to place analytics
at the grid edge to analyze grid behavior as well as the output
of the solar and battery assets. The solution uses Open Field
Message Bus compliant protocols installed in a station computer,
a Schweitzer Engineering Laboratories Inc. SEL-3355. Data
monitoring was enabled through OpenFMB software through
Docker software set up on the SEL-3355, which is connected to
the Entergy operations and information technology network. A
jump server/remote desktop connection was made into the SEL-
3355. The OpenFMB software and Docker technology collects
data from the Modbus protocol-based addresses and registers
to obtain operational data for monitoring the DER output, solar
inverter and battery controller performance. Grafana, a web
browser-based tool, was used to display the electrical quantities.

Security/Network
Policy Manager

THE FRAMEWORK

Battery

o S P

Open Field Message Bus

Recloser/Switch Meter DER/Microgrid Optimizer
Grid Edge Analytic

The installed Open Field Message Bus allows for the publishing of
periodic readings along with data-driven events in near-real time.
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The OpenFMB interoperability framework
is a standard ratified in 2016 by the North

DISTRIBUTED ENERGY RESOURCES

Solar & Battery output through OpenFMB based Grafana tool
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communications protocols. This interopera-
bility framework will help the energy grid to
operate more efficiently — delivering better
performance to customers and grid operators alike.
The OpenFMB facilitates federated deterministic exchanges
of data between assets. Periodic readings are then published on
the message bus every few seconds providing a near-real time
reading. Data-driven events also are published based on a change
in status in near-real time. The readings obtained include real
and reactive power per phase, voltage and current per phase,
phase angle relationships, power, time stamps and state of charge.
Primary event-related messaging involves trips and openings
along with the associated time stamps. The system also is set
up to perform grid edge analytics, determining specifics around
the state of the assets such as the battery.

Use of Grid Battery Storage to shift the peak solar generation to
periods of peak load and help produce a steady power output
from utility scale solar generation. Utilities need to ensure that
their batteries are capable of handling frequent charging and
discharging cycles triggered by OpenFMB based grid-edge
analytics for control of DER sites’ power output.
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Remote monitoring of solar and battery power through
OpenFMB application on an on-site computer.

FUTURE STATE

Currently, the logic engine and dispatch capability are unique
to the Entergy New Orleans solar power plant. The dispatch is
not dynamic, based on changing real-world priorities, and the
dispatch solution is not scalable. The evaluation project work is
intended to create a desired future state that represents a com-
mercial yet customizable optimization and dispatch solution
capable of reading weather, load and other inputs as well as
reprioritizing based on real-time and forecast set points. The
desire is to ensure priorities and functional modes can be set
outside of the distribution operation center (DOC) while the
DOC still maintains system protection and reliability. The desire
also is to ensure the logic and integration are scalable and more
easily modified for future DER installations.

The application of distributed intelligence to DERs is expected
to provide several benefits. From a distribution system perspec-
tive, this approach can accelerate the response to address local
system needs such as voltage, capacity, rerouting power and
so forth. It also should improve battery use, balancing the cost
of degradation versus benefit of power and energy per cycle.
This approach also should improve response to real-time and
forecast inputs such as weather, price and load. Perhaps most
important for Entergy, this approach can help form the basis to
design a repeatable solution for future projects.

STAKEHOLDER PARTICIPATION

From a dispatch and analytics perspective, the approach pro-
vides an improved graphical user interface for setting desired
operational modes, leading to better value for the DOC. It also
provides better access to historical data for analytics and lessons
learned. Additionally, it can affect improved interoperability with
other present and future distribution assets and systems such
as and advanced distribution management system and outage
management system.

i GET MORE AT: Q T&DWorld. & %2 UAI.


https://www.tdworld.com?code=UM_EB3
https://utilityanalytics.com?code=UM_EB3

T&D WORLD AND UTILITY ANALYTICS LIBRARY

Entergy has engaged a broad set of support resources from
within and outside the utility as work has been undertaken to
create a new approach to a better DER-based grid. Several
acceptance groups participated in dealing with the Entergy
information technology and operations technology infrastruc-
ture, represented by the company’s substation services, data
networking engineering, data security and telecom groups.

Deployment groups were formed to support Entergy technol-
ogy and analytics composed of the utility’s customer product
engineering and data analytics groups as well as external support
from Open Energy Solutions Inc. Operations and maintenance
groups supporting Entergy power generation included distribu-
tion maintenance, fossil and renewables, the Entergy Residential
Rooftop Solar Pilot program and additional vendors for solar
and battery technology.

Several nontechnical lessons were learned during this initial
effort. It was critical to work with all stakeholders early on and
for all to understand the planned use cases. Preparing for change
management was also important. Testing in a lab environment
helped to build confidence in the new approach. The need be-
came clear to develop process and methodologies for repeatable
projects. Entergy also learned it could leverage existing assets
in the system with this new approach.

11
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NEXT STEPS

Initial feasibility efforts are underway and being applied in the
field, actively monitoring solar and storage assets with embed-
ded OpenFMB software in commercially available hardware.
Planned next steps are to coordinate with internal stakeholders
to develop expanded project plans; make use of a nonpropri-
etary OpenFMB message bus and standard protocols such as
data distribution service; federate, secure and communicate an
expanded set of vital data; and use the system to enable further
grid edge analytics.

Entergy also is seeking to expand the integration with IEC
61850, an international standard defining communication pro-
tocols for intelligent electronic devices at electrical substations,
and other strategic protocols and interfaces. In addition, the
utility plans to enhance the platform so it automatically controls,
dispatches and manages the existing solar and battery storage at
the Entergy New Orleans solar power plant and develop more
analytic tools to analyze grid behavior and optimize the output
of the solar and battery assets. This approach creates a solution
that will be replicable across the Entergy system for the smart
control and dispatch of DERs.

I To view this article online, click here
1 BACK TO TABLE OF CONTENTS
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| MICHAELS. COSTA
@ Principal Engineer, Eversource Energy

DISTRIBUTED ENERGY RESOURCES

MAINTAIN SAFE
DER CONNECTIVITY

Eversource Energy uses a new, cost-effective approach to anti-islanding of distributed energy resources.

apid deployment of distributed energy resources on
utility-owned distribution feeders is creating new tech-
nical and safety concerns. When the utility supply is
interrupted, the circuit downstream of the open point
may remain energized by interconnected distributed
energy resources (DER), creating an electrical island.

Island conditions sustained by DERs beyond the two seconds
required by standards present both a safety risk and significant
operational challenges. At worst, they damage connected load or
create a safety hazard if they continue to energize line sections
already identified as faulted by the utility protection system. At
best, they maintain proper voltage and frequency; however, they
still hinder restoration or operation of automatic reclosing and
distribution automation schemes, affecting reliability.
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Inverter-based DERs must detect island formation and dis-
connect from the system in less than two seconds, per the IEEE
1547 interconnection standard. However, island detection at
the DER location can be complicated by multiple DERs on
the same feeder. Sandia National Laboratory cautions that the
following conditions, which are becoming more common, can
weaken a DER’s ability to detect an island: cases with very
large numbers of inverters, cases with inverters from several
different manufacturers, and cases including both inverters and
rotating generators.

Additionally, rapid DER growth has resulted in deferment of
many transmission and generation projects, which has increased
reliance on DER to provide base-load generation. IEEE 1547-
2018 establishes new stringent ride-through requirements to
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ensure the DER remains on-line during bulk system disturbances
by delaying or desensitizing the DER’s voltage and frequency
settings. Consequently, delaying DER’s local anti-islanding
algorithms may become necessary to meet these requirements.
Alternatively, a communication-based anti-islanding system—
providing the status of each midline device—eliminates this
concern by giving a more accurate and immediate indication
of connectivity to the DER.

Line recloser closed Solar

facility

Distribution
substation

Coupler iEou pler

DGP
receiver

Receives
permissive
signal

A

permissive

signal >>CLOS

Solar
facility

Distribution
substation

Line recloser open

s X

Coupler Coupler

transmitter

Sends No signal LR
permissive is received *>TRIP
signal

The DGFP Transmitter sends a permissive signal from the substation to the DGP Receiver

at the solar site.

Loss of permissive signal at the receiver indicates an islanding condition and causes

tripping of the solar site.

Distributed generation permissive anti-islanding method.

Anit-islanding Detection Scheme Evaluation

Actual system condition

ANTI-ISLANDING APPROACHES

Anti-islanding generally falls in two categories: passive or
active local detection schemes and communication-assisted
schemes. The passive local systems generally rely on local
voltage and frequency to detect an island. Active local schemes
intentionally perturb the generator frequency, which only an
islanded system follows. Local detection schemes tend to be
designed with security in mind, to maximize generation and
minimize nuisance trips. These systems sacrifice dependability
because they enable generation to persist if island occurrence
cannot be positively detected. Additionally, local detection
schemes become less dependable when multiple DERs are
present on the circuit.
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In contrast, communication-assisted schemes tend to be de-
signed with dependability in mind to minimize the risk of island
formation. Communication-assisted schemes send information
from the utility to supervise when the DER can generate. Di-
rect-transfer trip (DTT) systems, which transmit a trip signal
when an isolating device has opened, fall in this category.

A DTT scheme monitors the status of each midline recloser
between the utility source and DER, using separate communica-
tion channels. A central controller at the distribution substation
monitors these reclosers and sends trip signals to the appropriate
DER disconnecting device if a midline recloser opens. Since
a DTT system mimics the arrangement of isolating devices
on the distribution circuit, configuration changes (additions,
removals, relocations) require corresponding changes to the
mimicked DTT system.

Distribution
substation

ip DTT equipment
i" DGP equipment

Recloser 2

Recloser 1

DTT uses fiber, phone lines or radio communications to get status of
midline reclosers (blue lines).

DGP uses the feeder to send a permissive signal from the substation
to the PCC Location (red line).

Side by side comparison of direct-transfer trip and distributed
generation permissive. In both methods, a receiver unit at the point
of common coupling location trips the DER. DGP does not require
external communications and does not require equipment installed
at midline reclosers.

Legend:

R -recloser
TX -transmitter
RG -regenerator
RX —receiver

Substation

PCC6

PCC4

PCC1

High-Penetration DER Circuit Example.
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NEW APPROACH

Distributed generation permissive (DGP) is a new communi-
cation-assisted approach developed by GridEdge Networks, a
technology firm specializing in modern grid applications. DGP
uses a simple fail-safe technique that continuously monitors
the connection between the utility and DER. Using power-line
communications, an encoded permissive message is continu-
ously sent across this path. The receipt of it permits DERs to
generate. The absence of the DGP signal for a predefined time
forces the DER off-line.

The permissive signal is controlled at the substation by contact
inputs to the transmitter, which provides validation of utility
supply to the circuit. Any open point on the circuit between the
substation and DER—whether by an open midline recloser or
broken phase conductor—interrupts the DGP signal, forcing
downstream DERs off-line. The DGP system is highly depend-
able because any communication equipment failure will result
in a loss of the permissive signal, forcing the DER off-line.
DGP does not employ any external communication channels.

This design significantly reduces the possibility of false-neg-
ative outcomes, by forcing loss of communications—the most
likely failure—to yield false-positives outcomes. Such occur-
rences should be uncommon, but emphasizing dependability is
necessary to protect a utility’s assets and its customers during
sustained communication failures.

Presently, DGP is installed on dozens of Eversource Energy
distribution circuits, ranging from 13.2 kV to 27.6 kV. The
signal is placed on two primary conductors using a pair of me-
dium-voltage couplers. Signal coupling to two phases ensures
high availability, redundancy and common-mode noise rejection.
Signal regeneration is used on circuits where required. Regener-
ation reconstructs the DGP signal and removes conducted noise.

The DGP system also collects signal-health statistics in real
time. This digital system requires no wave traps because it uses
multiplexing techniques to support multiple signals on the wire.
The DGP signal includes a digitally encoded message that iden-
tifies the feeder to which it is attached. Multiple circuits can be
tagged at a station using this technique. Signal encoding also
can be used to send control messages for DER operating-mode
changes, export curtailment, volt-ampere-reactive (VAR) support
and more. Eversource Energy has used DGP to protect many
different types of DERs. The utility’s accumulated experience
with it now exceeds four years, and it has found the overall
reliability of DGP to be excellent. After installation and com-
missioning, communication failures have been rare.
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Solution Highlights

Reliable
« Fail-Safe Distributed Generation Permissive (DGP) method

Flexible and Scalable

+ Allowing to incrementally add DER sites
Future Proof
« Makes feeder “DER Ready”

Simpleto deploy

« No communication equipment required at midline reclosers
« Substation work greatly simplified; no modifications when midline device
arrangement changes

Cyber Secure and tamper proof

« Privately controlled system with no external interfaces; hard to interfere
with

Simple and maintenance free

« No change to existing relay settings; no need for complex circuit modeling
and calculations when new DER sites are added and when grid conditions
(generation to load ratio) change

DGP INSTALLATION

The first Eversource Energy circuit using a DGP system
was installed in 2013. After installation and tuning, an outage
simulation was performed that caused the DER to trip success-
fully. The system passed various additional tests and has been
in service successfully for nearly five years. The DGP system
became a standard method for the utility in 2015.

Another relevant islanding issue is the effect of DER on au-
tomatic reclosing practices. The IEEE 1547 standard requires a
DER to disconnect within two seconds following a fault inter-
ruption. If a utility normally recloses in less than two seconds
following such an interruption, the DER could still be on-line
and the reclose attempt could be out of phase. To avoid this, the
utility would have to delay its reclosing time interval or use a
reclose-blocking scheme whenever a load-side voltage is detect-
ed. Reclose-blocking schemes delay restoration, add cost and,
most importantly, do not eliminate island formation. Individual
DERSs must still disconnect themselves from the islanded circuit,
an act that can be impeded when multiple DERs are present.
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Distributed generation permissive scalability (Cost/Customer).

HIGH-PENETRATION INSTALLATION

Eversource has installed DGP on one of its distribution circuits
containing 10 independent power producer’s solar photovoltaic
(PV) sites. The first location for interconnection contained three
DER sites connected through a single-line recloser equipped
with a single DGP receiver. Subsequently, seven more locations
were connected, each containing a single DER site connected
through a discrete line recloser equipped with a DGP receiver.

The DGP permissive signal is coupled to the circuit at the sub-
station by a single transmitter. The signal then propagates along
the line and regenerates as needed (seven regenerator locations
were required for this circuit). Each DGP receiver is tuned to
sense this common permissive DGP signal and designed to trip
its corresponding DER facility if the signal is not present at the
PV location. During abnormal conditions, DGP receivers located
beyond an open recloser or broken phase conductor will lose
reception of the permissive signal and trip their respective DER.

A cost-benefit analysis for this high-penetration circuit demon-
strated the cost-effectiveness and scalability of the DGP system
versus a traditional DTT implementation. The DGP system uses
17 termination devices and no external communication devic-
es. An equivalent DTT solution would require 30 termination
devices as well as 15 external communication lines to com-
municate with each of the DER locations and gather the status
of each midline recloser. Any future DER additions or circuit
rearrangements would require additional DTT communication
lines and reprogramming of the controller logic.
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Once the DGP signal is installed on a circuit to supply initial
DER installations, future DER applicants only need to install
a DGP receiver and possibly extend the DGP signal to their
interconnection point. As a result, the marginal cost curve for
additional DER installations has a downward slope, as a larger
percentage of the circuit is covered already by the DGP signal.

Significant conclusions from the costing analysis are as follows:

¢ It is most economical when several DER customers are on
the circuit.

* The cost increase to install the same equipment over time as
each DER customer comes on-line shows DGP is the more
economical approach for communication-assisted, anti-is-
landing protection on high-penetration circuits. Building
out the DGP system over time carries comparatively little
additional cost, mainly because no additional substation
work is required.

e  The normalized cost to provide communication-assisted,
anti-islanding protection for a new DER customer on a
circuit already equipped with the technology is minimized.
Except where fiber is present already at the point of common
coupling, DGP is the least costly method.

Nominalized Cost Comparisons

Nominalized Costincrease Minimum normalized
cost to build the to build the cost to add a DER to
entire system same system an existing DTT/DGP
atonce over time supplied area
DTT fiber-based 1.00 +19% 0507t
DTT phone-based | 0.80 +24% 1.00
DTT radio-based 11 0.71 +25% 0.60
DGP | 0.65 +11% 0.59

1 - Assumes the ideal situation that no additional fiber is needed. (1000 feet of additional
fiber would increase the nominalized cost to 0.72)
11 - Although not a feasible solution for this high-penetration example, radio costs were
estimated for comparison purposes assuming such an installation were practical.

DGP EFFECTIVENESS

The rapid increase in DER installations led to more stringent
ride-through and related requirements, raising concerns that
autonomous, local anti-islanding schemes would become less
reliable. Consequently, the anti-islanding concept of DGP was
developed and deployed on dozens of Eversource Energy dis-
tribution feeders, some up to 20 miles (32 km) long.

With more than four years of in-service experience, the util-
ity’s DGP solution has proven to be a reliable, cost-effective
and easy-to-install option for maintaining utility control of
distributed generation. Because DGP propagates the signals
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through utility conductors, no external communication medium
is needed. This makes the utility independent of third-party
communication providers (for example, leased phone lines)
and eliminates line communication costs. DGP can be installed
quickly, easily accommodates reconfiguration of midline devices
and economically scales with DER growth.

Because of its use of utility overhead wires, DGP is a rela-
tively tamper- and hacker-proof technology. Utility liability is
minimized when an optimized, utility-controlled anti-islanding
technology, such as DGP, is selected.

These real-life examples have demonstrated DGP is often lower
cost than other forms of DTT, especially on circuits with high
penetration of DER. This enables the utility to cost effectively
maintain reliable control over interconnected generation through
communication-assisted schemes.

On circuits where DGP is present already, the digitally encoded
messaging capability may provide an inexpensive opportunity for
utilities to maintain control of DERs that would not otherwise

16
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require DGP. The ability of DGP to place a unique signal on the
circuit and send simple control commands enables utilities to
offer DGP applicants an alternative to more costly modifications
that otherwise would be required to maintain proper operational
control of the distribution system (for example, reclose blocking,
output curtailment during abnormal conditions or alterations to
accommodate distribution automation schemes).

The DGP signal can be easily extended on the circuit as
needed. It can incorporate source information and inherently
monitor the status of supplying conductors and in-line devic-
es to provide confirmation of circuit continuity to each DER
customer. This is a simpler and more dependable approach to
anti-islanding detection.

Once DGP is installed on a circuit, future DER installations
can be readily added at a small incremental cost, with shorter
deployment times and without the need for system changes.
Essentially, the circuit can be considered DER ready.
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HOW MUCH

Utilities develop a hosting capacity analysis tool for distributed energy resources.

he electric power industry is increasingly having to

evaluate the growing penetration of distributed energy

resources (DER). New sets of challenges exist for

planning and operating the grid, especially with the

distribution systems in which these new resources
must be integrated. Now electric utilities across the world are
looking at new analytical methods to assess and integrate these
resources.

In the United States, the New York State Public Service Com-
mission launched the Reforming the Energy Vision initiative
to more fully integrate and use DER with distribution planning
and operations. New York utilities are required to establish
a structure for a transparent planning process in addition to
identifying where DER can be accommodated best. In Min-
nesota, the Minnesota Public Utilities Commission called for
grid modernization efforts to be outlined by utilities with the
objective of maintaining system reliability, improving efficiency

17
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and enabling further customer choice. In California, the Cali-
fornia Public Utilities Commission requires utilities to develop
a Distributed Resource plan to identify where DER can be best
integrated in the system.

These are just a few examples of a wide range of regulatory
activities in the U.S. that underscore the importance of today’s
planning process and how it must be updated to meet future
needs. To meet this challenge, utilities need analytical methods
that identify impacts of distributed resources in the electric
system, and the Electric Power Research Institute (EPRI) is
working with utilities on a solution.

HOSTING CAPACITY

A foundational element to solve this problem is the capability
to assess a distribution system’s ability to host DER capacity.
Hosting capacity is defined as the amount of DER that can be
accommodated without adversely affecting power quality, as
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Hosting Capacity

Example map showing hosting capacity results for an entire
distribution system. The colors depict the amount of PV various
substations can host based on the analysis of voltage, thermal, and
protection impacts. EPRI and electric utilities developed this new
analytical method for integrating DER.

well as reliability under existing control configurations, and
without the need for extensive infrastructure upgrades.

The capacity of the grid to accommodate and integrate DER
depends on several factors that are difficult, and nearly impossible
in some cases, to consider comprehensively. The many factors
that drive hosting capacity results have varying degrees of impact
and, like all model-based calculations, are an approximation.
As such, effective use requires thoughtful consideration of the
input assumptions and their associated impacts. When done
correctly, these calculations can be extremely valuable and yield
useful outcomes for various utility and stakeholder applications.

VALUE THROUGH APPLICATION

The concept of hosting capacity is still relatively new to the
industry. Even so, its application is becoming more widespread
as the industry needs a comprehensive approach to understanding
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the impacts of DER. The three main applications for hosting

capacity are as follows:

1. Informing DER stakeholders and the public—As DER in-
terconnection queues grow across the U.S., developers and
customers need greater visibility of where on the system

2. interconnection applications may require additional cost to
be accommodated.

3. Assisting interconnection screening—With increased num-
bers of DER interconnection applications and growing
queues, greater focus is on the ability to perform a technical
review of sites quickly and accurately. Hosting capacity
can play a role in informing this process and help utility
engineers to make decisions on approval or the need for
further study.

4. Enabling planning with DER—To effectively plan and operate
the distribution grid, engineers must account for the DER
characteristics and location at which resources are connecting.
Hosting capacity is an important part of this scenario planning
process and used to evaluate different what-if cases. It can be
enhanced with load and DER forecasts to evaluate planning
scenarios and quantify a range of potential future impacts.
In these scenarios, utilities can further evaluate mitigation
factors, infrastructure upgrades and system-wide cost-benefit
assessments. In the future, this enhanced level of analysis
will enable utilities to determine the ability of the distribution
system to use services from DER (non-wires alternatives),
the impacts of DER on grid reconfiguration, operational
strategies, and smart inverter technologies.

CHALLENGES TO UNDERSTAND

Hosting capacity is becoming a key component of integrat-
ing DER into utility processes as penetrations continue to rise.
However, hosting capacity assessments are complex and require
careful consideration as well as understanding to be applied
effectively. Additional analysis, not previously done before, is
being conducted now on each feeder, which takes time, effort
and training. Even with more sophisticated tools such as EPRI’s
Distribution Resource Integration and Value Estimation (DRIVE)
software, this cannot be done with the push of button. There is
no one right or wrong method.

The keys to this analysis are the models, data, tools and impact
factors that must be considered. These represent challenges that
must be understood to inform a utility’s decisions on implement-
ing hosting capacity (what, how often and so forth) and ensure
the full application value is achieved.
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MODELS NEEDED

Considering DER impacts requires utilities to improve how
they model their distribution systems. Hosting capacity anal-
ysis is a prime example of where distribution feeder models
are required to determine grid impacts from DER effectively.
Developing and maintaining distribution models that cover the
breadth (large number of feeders) and depth (clarity and fidel-
ity through each feeder) enables utilities to reflect grid assets
and performance more accurately across the entire distribution
system as well as at the edge of the grid. This is important in a
hosting capacity analysis because it affects the granularity and
accuracy of the results. Assumptions and limitations of the ex-
isting models must be understood to apply results appropriately.

Depending on where a utility resides on the spectrum of
distribution system modeling (breadth and depth), the time it
takes can be rather significant (from months to years) to develop
distribution system models with the necessary breadth and depth,
and the model expansion will come at an added cost. Utilities
are in the process of documenting the system in a more detailed
fashion and developing accurate system models in the process.
Additionally, the system is constantly changing in real time, but
a lag exists in updating the models.

Roftp solar is one of the more prominent examles of DER
challenging distribution grids and the analysis allows distributed
DER hosting capacity to be calculated.

CHANGING DATA

With the system constantly changing, this means so is the
data. Most data needed to perform the hosting capacity analysis
is based on typical distribution feeder models used by planners
today. To perform this type of analysis effectively and across an
entire distribution system, a large amount of additional data such
as connected DER is required. This means establishing new pro-
cesses to track, incorporate and refresh the data within the models.
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Because not all utilities have models of their entire distribution
system or with this level of information, filling the data gap is
a priority to using a hosting capacity method. One of the main
challenges is populating utility tools with data previously not
tracked or kept on paper. Moreover, current operating condi-
tions may have changed. As the grid is modernized, available
and valid data becomes more prevalent, it is still a difficult and
time-consuming process to incorporate the data into planning
models. One aspect of this difficulty in modeling is an abundance
of data and knowing what is pertinent to the feeder model.

— Upper boundary

Critical Impact Factors

Configuration

Rangein
hosting capacity

Hosting Capacity Values

4
™ Lower boundary

Connected DER

Configuration  Load
with control

Hosting capacity results depend on impact factors considered in the
analysis. Careful consideration of impact factors is critical to accurate
results. Capturing an upper and lower boundary range of DER a
feeder can accommodate ensures a full picture of hosting capacity.

LEVERAGE EXISTING TOOLS

Utilities currently use load-flow analysis tools from several
vendors for planning purposes. The core functionality needed
to perform hosting capacity analysis (load flow and short-circuit
analysis) is available within these tools. Rather than retooling, it
is important hosting capacity be an add-on that can work within
existing distribution planning tools.

For hosting capacity analysis, using current tools that distri-
bution planners are familiar with is important to leverage the
existing available data set in considering DER. The translation
of models between platforms can then be mitigated, as well as
improving data management and upkeep in the process.

Component Component Description

Granular | Distinguish important factors: location, feeder design & operation, DER type
Repeatable Consider individual feeder modifications

Scalable | Analyze entire distribution system

Transparent Clear definition of what is calculated

Proven | Validated techniques

Available Utilize readily available utility data and tools

Consistent | Across different jurisdictions and planning tools

The seven main components of EPRI’s DRIVE tool are specifically
designed to meet a range of present and future DER hosting
capacity requirements.
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IMPACT FACTORS

Hosting capacity results are driven by the impact factors con-
sidered. Methods matter but so do the input data assumptions
and factors included in the analysis. Not all impact factors can
be considered. Therefore, careful consideration in evaluating the
appropriate impact factors is key to improving result accuracy.
Flexibility to consider different scenarios, DER technologies
and grid configurations is critical, particularly because hosting
capacity will change over time as load, DER and circuit con-
figurations change.

This impact factor selection results in a range of DER a
feeder can host. This range of upper and lower boundaries
is important to capture because it will help to ensure the full
picture of the hosting capacity on a feeder is considered for
effective application.

HOSTING CAPACITY SOLUTION

With these applications and challenges in mind, a hosting
capacity method should be flexible enough to meet present and
future needs. EPRI’s DRIVE tool was designed to meet that
need by focusing on seven main components.

The goal of the DRIVE tool is to develop and implement an
effective means for assessing location-based impacts of distri-
bution resources that can consider the breadth and depth of a
utility’s system. The hybrid method implemented in DRIVE
incorporates techniques from detailed and iterative analyses as
well as streamlined approaches to overcome the computation

DISTRIBUTED ENERGY RESOURCES

burden while still capturing critical grid responses. This tool
has proven to be effective through application by more than 30
distribution utilities in the world.

However, the tool is not yet complete. EPRI is working with
these utilities and the industry to enhance the tool, including
refinements to the fundamental hosting capacity approach,
addition of new capabilities, improvement in overall accuracy
and increases to efficiency.

FUTURE DIRECTION

The industry’s understanding and application of hosting ca-
pacity calculations have come a long way and will continue to
be a vital piece of the approach to accommodating DER on the
distribution system. However, there is still more work to be
done to improve and enhance hosting capacity assessments in
the future. Ongoing advancements, improvements and further
innovations are critical as needs become more complex.

Grid modernization initiatives, using DER as non-wires solu-
tions, and transactive energy will all increase the complexity
of distribution analysis. They also require more sophisticated
and robust tools to help decrease the engineering labor and
analysis time required while capturing the complexity. Hosting
capacity analytics are a key component in the assessment of
distribution systems. As such, improving the methods outlined
here will continue to be an industry focus. Advancements in the
capabilities of hosting capacity will be critical to ensuring the
results of this analysis capture the needs of tomorrow.

Alliant Energy Enmax Power Great River Energy ‘ Port[;nd General I To view this article online, click here
ectric
Ameren ‘ Entergy ‘ HydroOne Sacramento Municipal = BACK TO TABLE OF CONTENTS
Utility District
Arizona Public Service ESB Networks Iberdrola/Avangrid ‘ Salt River Project
CenterPoint ‘ Eskom ‘ Idaho Power Southern Company
Central Hudson Eversource Lincoln Electric ‘ Taiwan Power
CFE Mexico ‘ Exelon ‘ MN Power Tennessee Valley
Authority
Consolidated Edison/ FirstEnergy Xcel Energy

Mational Grid
Orange & Rockland

DTE Energy ‘ Great Plains Energy | Pacific Gas & Electric

EPRI and 33 electric utilities throughout the United States and in Ireland, South
Africa, and Taiwan are working on continuous improvements to DRIVE to develop

new capabilities, improve accuracy, and increase efficiency.
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ADVANCED
ANALYTICS AND
THE DEVELOPMENT
OF NEW MARKETS
AND REGULATORY
MECHANISMS

How are utility regulatory models evolving, and what role will analytics have to play in this new world?

dvanced analytics tools being adopted by leading
utilities are not only facilitating uptake of new tech-
nologies such as IoT devices—they are becoming
an increasingly essential element of market and
associated regulatory mechanisms.

EVOLUTION OF MARKETS AND DER

As energy resources are becoming increasingly distributed,
data and analytics will be at the core of forecasting and valuing
power and load-shifting opportunities in real time. Advanced
analytics tools will also play a central role in facilitating and
sending real-time signals to markets required for distributed
energy resources (DER), and enabling new transactional rela-
tionships with customers and third parties.

The key changes for regulators to integrate to support this new
ecosystem involve more than a program-by-program fine-tun-
ing of the way ratemaking methods incentivize utilities. Key
assumptions underlying the traditional cost-of-service regula-
tion no longer apply, especially the old model having assumed
a vertically-integrated utility with steadily growing load with
very stable market conditions and technologies.

The New York State Public Service Commission (NY PSC)
put it well when it said: “Achieving the most productive mix of
utility and third-party capital will require utilities to forego — and,
crucially, to plan to forego — some level of capital investment on
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which they would ordinarily earn a return. Even if capital and
operating expenses are treated identically, utilities will still be
required to plan for a substantial level of third-party involvement
in the system and, correspondingly, a reduced utility share of
total expenditures.* (Matter 14-00581, page 35.)

This implies that the domain for utility planners will include
the surrounding ecosystem of third-party players and of new
customer relationships. The larger domain across which these
utility planners will have to apply new advanced analytics tools
will increase the complexity and the potential value addressed
(and captured) by these tools.

NO MORE BUSINESS AS USUAL

Fundamentally, advanced analytics also has a pivotal role to play
considering ever-increasing operational, customer, and economic
complexities associated with optimizing utilities’ performance.

Since more real-time operational and customer behavior data
and associated O&M costs are available to utilities now than
ever before, utilities are in a better position to allocate capital
optimally and to more rapidly justify repair/replace decisions for
T&D equipment that will increase reliability or and/or quality
of power delivery.

In all cases there is a data-driven look back (benchmarking)
and look forward (forecast) for the basis for rewards and pun-
ishments doled out during periodic rate cases, whether those
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rate-making processes are based on traditional cost-of-service
models, or on newer performance-based (PBR) ones.

Historically both benchmarked and forecasted models need-
ed to comprehend sensitivities to changes in costs of capital
based on interest rate and related market fluctuations, as well
as changes in fuel costs and the price of purchased power, and
changes in electricity usage due to factors ranging from housing
starts to weather-sensitivities of average utility customers, and
consumer-price index (CPI) related trends.

Consider fully justifying just one such technological invest-
ment, such as a new investment in asset health. Asset health
investments include a range of new sensors and modeling tools
and predictive engines and repair/replace models and cost of
service impact models, to better leverage real-time performance
data for fine-tuning of all related O&M activities to extend asset
life across a wider portfolio of assets.

For such an investment to be justified, there must be a model of
how a whole T&D and generating system would have performed
cost-wise, service-wise, and repair/replace wise, across one or
more “with versus without” scenarios. The scenarios involve
how the system would have performed with, or without, one or
more sets of advanced analytics investments.

As this type of example shows, these sorts of models have a lot
of burdens put on them. The models need not only to compare
what the investment costs were, versus expected investment
costs, but also what the expected versus subsequent actual O&M
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costs and benefits were, and what they would have been in the
absence of the investment under consideration.

These upgrades’ forward-looking justifications will also subse-
quently re-appear in the rear-view mirror, as they are employed
for getting a regulatory reward for recent good performance after
having made such an investment, or for a cost disallowance (a
regulatory slap on the wrist) after poor performance.

COUNTERACTING CHALLENGES AND COMPLEXITY

Utilities cannot underestimate the magnitude of increases in
complexity associated with the technologies being deployed to
leverage the value of DERs and other customer-based resourc-
es and to improve grid reliability and resiliency. Associated
constraints are also on the rise, since utility personnel need to
deploy increasingly sophisticated advanced analytics tools to
justify various forecasts and what-if scenario modeling, as well
as associated budgeting processes as part of their market-building
and rate-case work.

This all points to the pressing need not only for the best
possible advanced analytical tools, but also for the widest and
most accurate and up-to-date data sets upon which to apply
those tools. Utilities also need to have standards which enable
maximal sharing of data while respecting privacy concerns. The
increasing strength of analytics communities amongst utilities
is a testimonial to the value being derived from leveraging data
and best practices amidst the dynamic changes in the industry.
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TIES COLLABORATE ON
PEN-SOURCE SOFTWARE

Avista Utilities and Duke Energy partner to create an energy
operating system available to the entire utility industry.

he electric utility industry is increasingly challenged

by external drivers such as regulatory obligations

and mandates as well as competitors who want to

disintermediate utility customers from their current

energy provider. Distribution system operator (DSO)
models and aggregator participation are challenging the status
quo for utility business models.

The utility industry must navigate these changes and help
to shape the new business models while still providing safe,
reliable and affordable energy to customers. At the same time,
customer participation should be empowered, so there is reason-
able influence on the type of resource consumed, the location
of the resource, and who provides the energy. This is extremely
challenging to support with a typical utility’s portfolio of op-
erating technologies.
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Avista-owned vanadium flow battery in Pullman, Washington, U.S.
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Commercial rooftop solar/inverter installation in Spokane,
Washington, U.S., part of shared energy economy project.

SYSTEMS

Many utilities do not have fully featured distribution man-
agement systems (DMSs) in operation yet. Distributed energy
resources (DERs) often are installed by third parties without
emphasis on grid operational needs and distributed generation
impacts. Yet, even with knowledge of and data flowing from
the DERs, reliable dispatch of the resources is challenging.
Distributed energy resource management systems (DERMs)
have been developed to provide this dispatch, but they typically
do not integrate effectively with the DMS. Outage management
systems (OMSs) also should integrate with the DMS and DERM
for resiliency needs, data needs and state awareness. Typically,
these are separate systems with disparate and proprietary data-
bases and topologies.

Quite frankly, the state of operational technology options
provided to the industry are costly, functionally inadequate,
difficult to integrate, and inconsistent across vendor offerings.
There are many standards, yet no common element. The industry
seems caught in a legacy environment that challenges vendors
to forgo their current offerings and redesign them, but to what
specific standards or architectures?

In the smartphone industry, looking at Apple’s iOS or Goo-
gle’s Android operating systems, the answer seems obvious.
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Smartphone owners have endless opportunities for value, with
offerings from myriad software developers. The operating sys-
tem provides foundational services on which rich applications
can be developed. Ambiguity as to the foundation disappears
and, in fact, can be improved continuously for the benefit of
everyone. Recently, several utilities collaborated to achieve a
similar outcome for utility operational technologies.

PATHWAY TO CREATION

Avista Utilities Inc. and Duke Energy Corp. collaborated fi-
nancially to create, at the direction of the entire utility industry,
an energy operating system called the Open-Source Distributed
System Platform (OpenDSP), which intends to provide a fun-
damental package of services in an energy operating system
that supports standards, yet is code and not just another stan-
dard. Open source and utility industry-driven, OpenDSP can be
distributed, centralized or both (hybrid). It supports grid-edge
computing; will be scalable, easy to extend and flexible; and
will provide the opportunity to achieve true interoperability and
interchangeability. Additionally, OpenDSP should be affordable
and deployable for utilities of any size.

This partnership builds on the Duke Energy Emerging Tech-
nology Office’s (ETO) pioneering work to explore open grid
standards through the creation of the Open Field Message Bus
(OpenFMB). The OpenFMB interoperability framework is a stan-
dard ratified in 2016 by the North American Energy Standards
Board (NAESB). It enables traditional grid-edge operational
assets and DERs—such as solar photovoltaics, energy storage
systems and microgrids — to communicate quickly and securely
with each other in the field regardless of each device’s local
communications protocols. This interoperability framework
will help the energy grid to operate more efficiently, delivering
better performance to customers and grid operators.
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Duke Energy DC-coupled solar and storage, interface and metering
equipment under test at Mount Holly, North Carolina, U.S.
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ORGANIZATION

Any and every utility globally is welcome to participate in
the definition of requirements, architecture and business model
that defines the licensing, access, oversight and maintenance of
OpenDSP. Creation of OpenDSP requires focused efforts in each
of these areas and provides opportunities for those with resources
to commit as well as those without to participate meaningfully.

Three working groups have been established to develop the
business model, core requirements and architecture critical
to delivering the OpenDSP core. Open Energy Solutions Inc.
(OES) has been tasked with the initial development. The U.S.
Department of Energy’s (DOE’s) national laboratories are assist-
ing with logistics, technical support and research. Discussions
are underway with other industry organizations, as well. Two
committees have been established to provide guidance as well as
a path for collaboration and input into any aspect of OpenDSP
for interested parties.

EARLY STRUCTURE

The business model working group is tasked with determining
how the OpenDSP, as an open-source product, will be structured
for development, maintenance, distribution, governance and
member participation. The group is committed to an open-
source approach that drives innovative solutions from the vendor
community. These questions and many more will be resolved
by the group: What open-source licenses should be used? Who
can contribute code to the core OpenDSP? How will decisions
be made regarding development of the core? What are the fund-
ing requirements and who can fund the core development and
maintenance? How can an investment in the core be recouped?

Initially, the business model working group is open only to
utility industry representatives, with additional participation
as appropriate. It is understood a caretaker for OpenDSP must
be established, and initial steps have been taken to establish
EnergyOS as the open-source foundation for this purpose.

The core of OpenDSP is intended to be skinny, flexible, and
capable of supporting and enabling the creation of applications
or functional use cases for a multitude of utility, market and
customer solutions. Specific use-case solutions should not be
included in the core, although the core should support open de-
velopment of functionality to meet the use-case needs. The core
platform functions and requirements working group is tasked
with developing the common core functional requirements. An
array of use cases will be cataloged to ensure adequate under-
standing of the necessary core capability.
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EARLY BUNDLES

Avista and Duke Energy intend to develop a number of ap-
plications or bundles of use-case functionality that will demon-
strate OpenDSP focused on outage management, distribution
management, and DER integration and operations. Simultaneous
development of these applications on the OpenDSP core will
demonstrate the capability of the platform. These applications
may be available as open-source offerings when completed.

Avista crews install a smart streetlight sensor on the Gonzaga
University campus. The sensor monitors sound, motion, and
numerous environmental parameters. OpenDSP could leverage
this data to predict earthquake scenarios, pole impact or failure, or
identify poor air quality for citizenry.

Based on a modern architecture, OpenDSP will use micro-ser-
vices and be capable of hybrid or distributed deployment. The
architecture will leverage work funded by the DOE that identifies
the laminar coordination framework as a best practice to optimize
systems for outcomes at various hierarchical levels within the
grid. Fundamental to delivering the core is an understanding
of how the core should be architected. What services must be
included? What services should be excluded? For example, is
topology provided in the core architecture?

The effort of this working group thus far has identified several
core services for inclusion. This list informs the initial devel-
opment but will be reviewed constantly as necessary by the
working group. The architecture envisioned frees utilities from
proprietary solutions and unlocks opportunity for all industry
providers and utilities.
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WORKING GROUPS

The steering committee initially is intended for membership
by any utility. Ultimately, OpenDSP must support safe and
reliable operation of the utility grid, which is why initial mem-
bership is limited to utilities only. For example, consideration of
core requirements, architecture and the business model cannot
compromise safety over purely economic objectives. As the
core matures, membership opportunities may open for other
industry players.

Membership on the stakeholder committee is open to all inter-
ested parties. The obligation of this committee is to inform the
steering committee, with the intent to get requirements vetted and
approved for consideration as core services or core extensions.

PLATFORM OVERVIEW

OpenDSP is a micro-service-based architecture built on a
specific Linux variant with packaged services. The initial proj-
ect is anticipated to be five quarters in duration, delivering a
completely functional beta version with a reference application,
code samples and approximately four functional bundles of code
being demonstrated at Avista and Duke Energy. OES will build
the initial version of OpenDSP based on input from the work-
ing groups as well as the steering and stakeholder committees.
Online resources will provide access to OpenDSP.

OpenDSP is intended to be completely open and to not dictate
either commercial or open-source products. For example, cloud
services are a critical component to internet of things (IoT)
platforms. As such, OpenDSP must support available cloud ser-
vices. There will be additional services OpenDSP must support.

PARTICIPATION OPPORTUNITY

More than a dozen utilities met in New Orleans, Louisiana,
U.S., in February 2019, approximately one year after a pre-kick-
off meeting was held on the collaborative industry effort. More
than 40 utilities have interacted to date.

Additional utility collaborators actively are being sought and
working meetings tentatively are planned throughout 2019, with
Golden, Colorado, U.S., being the next likely meeting spot.
Please contact the authors to obtain additional information con-
cerning the effort or contact OES, the facilitator for OpenDSP
activities, at info@openenergysolutionsinc.com.

I To view this article online, click here
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OPENDSP SCHEDULE

The intent is to build the Open-Source Distributed System
Platform (OpenDSP) as quickly as possible. Every day that
passes brings additional industry transformation without
adequate tools to deliver value effectively to utility cus-
tomers while still maintaining a safe, reliable product with
distributed energy resources (DERS).

Four phases are scheduled to deliver capabilities in the
form of services and applications:

PHASE 1

* Adapter interfaces

* Message processors

* Core reference architecture

* OpenDSP product requirements
* Interface integration

e Graphical visualization

PHASE 2

e Distributed historian

e Fault management

e Time-synchronization coordination
e Coarse DER forecast

* DER circuit segment management
e Message visualization

* Human-machine interface

PHASE 3

* Device discovery

e User experience services
e Simulators

* Circuit segment optimizer
* Voltage management

e Outage intelligence

PHASE 4

* Distributed security services

e Distributed network virtualization
e Solar smoothing

e Island detection

At the end of phase 4, OpenDSP will be considered a fully
functional beta release with OpenDSP code, a reference ap-
plication to evaluate the platform easily and documentation
available for download.
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