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The distribution landscape is rapidly chang-
ing—introducing new opportunities along with
increasing system complexity and uncertainty.
This changing landscape is driven by the obliga-
tion to accommodate and aim to integrate dis-
tributed energy resources (DER), changing load
patterns, increased stakeholder engagement in
the development and application of planning
processes, and increased monitoring, automa-
tion and control of the distribution system.

Distribution planning is critical to realizing this
modern distribution system. However, tradi-
tional planning tools, methodologies, and pro-
cesses only address a narrow piece of these
emerging planning demands. For example,
existing processes and tools are more geared
towards addressing peak demand only and
focused on traditional grid upgrade options
(transformers, conductor, etc.) rather than con-
sidering new solutions like non-wires alterna-
tives (e.g., DER).

Additionally, today’s planning processes do not
address time and locational values needed to
appropriately consider new technologies and
customer resources. Planning methodologies
and processes are also not equipped to perform
strategic and system-wide analyses to support
today’s integrated resource planning objectives.
Applying traditional planning solutions to
address these gaps will be manually intensive
associated ~ with

given new complexities

advanced planning needs.

In order to design the distribution system to
meet future needs, planning processes and tools
must evolve. New processes and tools with
built-in automation capabilities are necessary to
meet the challenges of planning tomorrow’s dis-
tribution system. Future tools must provide a
comprehensive, efficient, flexible, and inte-
grated approach.

To meet this need, EPRI initiated a research
project to develop, test, and demonstrate new
methods and tools to efficiently and effec-
tively perform distribution planning assess-
ments and support holistic decision-making
[1]. The first step was to work with utilities
from across the globe to understand evolving
and future needs and challenges with plan-
ning a modern distribution system. This
paper summarizes those requirements and
gaps and provides a vision for addressing
them. This is the first in a series of white
papers that will provide a roadmap for
advancing distribution planning processes
and tool capabilities for the modern grid. Spe-
cific drivers, objectives, and capabilities will
inherently vary from udility to utility. These
white papers are intended to be complimen-
tary and inform modernization efforts and
distribution planning roadmaps.

DRIVERs and
Capabilities to
Maodernize Distribution
Planning

Established tools and methods for the con-
ventional distribution system enabled the
effective and efficient design of robust electric
distribution systems across the globe which
have served both industry and society well.
However, the rapid evolution and adoption of
emerging technologies and resources are alter-
ing how distribution systems are designed,
operate, and are expected to perform under
future conditions. These changes introduce
new dynamics, complexities, and assessment
requirements that traditional planning tools
were not intended to address.

This section reviews key characteristics of the
modern distribution system and how they are
driving the need for new planning tools and
capabilities. Understanding these needs is an
important first step to ensure the developed
methods and tools appropriately address and
support planning analyses for the modern dis-
tribution grid.

DER Accommodation and
Integration

In many aspects, the interconnection and inte-
gration of DER represents the most significant
change associated with the modern distribution
system. In this paper, DER encapsulates the
various forms of distributed renewable and
non-renewable generation sources, demand-
side management, and energy storage devices.
DER influence on planning can be viewed from
two overarching perspectives, depending on
their characteristics and the driver(s) for their
grid connection:

1. As resources that may require mitigation
associated with accommodating at the dis-
tribution level

2. As resources that can be integrated into the
distribution system as alternative solutions
to traditional distribution upgrade

Not all DER fall cleanly into one category or
the other, however. From a distribution plan-
ning standpoint there is a spectrum between
fully accommodating and fully integrating
DER, as shown in Figure 1. The influence of
the utility on site guidance, control, and visibil-
ity of a particular resource determines where on
the spectrum that resource will lie. Organic
growth of customer-driven PV, for example,
where the utility has no visibility or control of,
would lie on the accommodating end of the
spectrum shown by the red arrow. A udility-
owned, installed, and controlled solution would



lie on the integrating end of the spectrum, as
shown by the blue arrow. A distribution con-
nected storage system whose primary service is
to provide frequency response for the transmis-
sion system, but that the distribution utility has
visibility of, would need to be accommodated at
the distribution level. But the distribution util-
ity having visibility means that the resource
would lie slightly towards the integration end of
the spectrum, where the yellow arrow is located.

Depending whether DERs are being accommo-
dated or integrated, they are accounted for at
different points in the overall distribution plan-
ning process. The integration of DER, as a non-
wires alternative, is examined further in the
next section. The general need to accommodate
DER drives several new capabilities, including:

* Near and long-term forecasts capturing
potential DER adoption rates and locations,

Accommodating

Utility has:
Visibility x v
Control x x
Site Guidance x x

which may occur organically or through util-
ity or third-party incentives.

e Assessments of future load and generation
temporal interactions and scenarios needed
to inform robust system designs.

* Analytical studies, such as hosting capacity,
to assess the system’s ability to accommodate
additional DER and where system con-

straints might occur.

Non-Wire Alternative (NWA)
Design and Evaluation

DER may also be evaluated as potential NWA.
NWA are utility-driven solutions to an identi-
fied distribution constraint that defers or elimi-
nates the need for a traditional distribution
upgrade [2]. When considered as a potential
solution to meet near-term expansion planning
needs, NWA are introduced in the planning

Integrating
v
v
v

Figure 1 — Spectrum between integrating and accommodating DER
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Figure 3 lllustration of how of non-wires alternatives to address system capacity constraints

process once system constraints requiring miti-
gation have been identified. NWA solutions
may also need to be captured in the forecast
depending upon the nature of the implementa-
tion and controls. This will be examined fur-
ther when discussing the influences of advanced
controls.

Traditional planning alternatives are generally
passive in nature. That is, their deployment
strengthens or increases grid capacity, and that
additional capacity does not change over time,
see Figure 2. In contrast, NWA are active and
more complex solutions designed and managed
to reduce or limit net system demands below
existing capacity constraints, as illustrated in
Figure 3, to adjust or defer major infrastruc-
ture investments. As a result, NWA introduce
additional assessment and design requirements
within the planning process beyond those
needed for traditional mitigation solutions. In
particular, NWA solutions cannot be designed
and evaluated considering peak demand alone.
They must be designed and evaluated consid-
ering daily and seasonal variations in demand,
as well as other system needs. Note that the
example solution presented in Figure 3 does
not successfully mitigate the winter capacity
constraint. Additional uncertainties regard-
ing the availability and variability of different
DER types and dispatch schemes is another
important consideration. Furthermore, any
additional operations of the NWA solution to
provide benefits to other parts of electrical sys-
tem must also be accounted for.

In many cases, identification of potential NWA
solutions requires performing quasi-static time-
series (QSTS) simulations, which simulate
the response of the solution across a series of
sequential points in time [3].

These simulations require examinations of
specific time-series profiles for the variation of
load and existing generation for relevant study
periods. Additionally, system models must be
updated to reflect the operation of regulators,
switched capacitor banks, and other existing
system controls that influence the grid behavior
over time. Furthermore, as DER technologies
continue to evolve at a rapid pace, the avail-
ability of accurate and validated DER models
for incorporation within planning studies is a
constant evolving challenge.
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NWAs potentially offer planners increased
options and flexibility in their design and oper-
ation as a planning criteria violation solution.
While this flexibility is a positive aspect of
NWA, it also represents a significant effort on
the planner’s part to design and validate solu-
tions comprised of various DER types and com-
binations, potential locations in the distribution
system, as well as various ways of controlling or
dispatching these resources. Each variation and
combination of these factors represents a differ-
ent alternative that must be appropriately
designed and evaluated. Manual evaluation of
potential NWA options would translate to a sig-
nificant  burden on distribution planning
resources. As such, new methods and processes
are needed to ensure the design and validation
of NWA is both efficient and effective.

NWAs also introduce new dynamics to plan-
ning horizon timeframes, impacting both the
design and evaluation of these potential alterna-
tives to traditional solutions. One primary
application of NWA is to defer the need for tra-
ditional system upgrades. Here the planner
must evaluate the value of the deferment and
cost of the NWA against the cost of the tradi-
tional upgrade. Other considerations such as
future land availability and project lead-times
also need to be considered. These evaluations
are further complicated by the modularity of
most NWA solutions that permit them to be
upgraded or enhanced over time. This raises the
issue of comparing different NWA deployment
options considering aspects such as installation
costs or possible revenues from providing ben-
efits to other parts of the system.

Comparison of NWA and traditional solutions
on an equivalent economic basis must also
account for vast differences in useful lifetimes.
While conventional assets may be expected to
be in operation 30 years or more, power-elec-
tronics, batteries, and other components have
much shorter lifetimes. Further complexity is
added when considering that the cost of various
hardware solutions may escalate over time at
vastly different rates. The cost of battery storage
and solar photovoltaics are expected to con-
tinue declining significantly in price, while the
cost of conventional distribution equipment is
much more stable in real terms. Methods for
economic analysis can deal with these differ-
ences, but a variety of cost-escalation paths can
render counterintuitive results.

In order to fully incorporate NWA within
planning, specific capabilities are needed:

* Models and simulations to assess system
performance and characterize the power
and energy constraints during system peaks
and longer periods.

e Automated tools that can quickly identify
potential NWA designs and verify each
solutions viability under multiple system

conditions.

* Economic evaluations that holistically
compare all alternative costs and benefits,
accounting for differences in asset lifetimes,
additional value streams, and other new
considerations.

Leveraging New Data Streams

Another key characteristic of the modern dis-
tribution system, with a significant influence
on system planning, is the higher degree of
controllability and visibility, compared to
what has been historically available. Expand-
ing system visibility, through increased
deployment of smart meters and monitoring,
can benefit distribution planning in the form
of more accurate system models and improved
understanding of how system behaviors and
needs are changing. But, realizing these bene-
fits can be challenging and requires planning
use cases be factored into the decision making
on the types and accuracy of the new data col-
lected. Once collected, having the processes,
tools, and analytics in place is critical to be
able to leverage these data streams in
planning.

The need for improved visibility in planning is
becoming even more essential when integrat-
ing DER. In some cases, smart meters offer
the potential to refine existing feeder models
to better represent the system assets that con-
nect individual customers, namely secondary
transformers and lines at low voltage levels in
near real time. Representing this portion of
the system was not a concern when planning
the traditional grid, as this was effectively cap-
tured through the fit-and-forget approach—
given the relatively low costs of these assets
and static nature of individual customer peak
demands. Thus, for many udilities these assets
are not included in system models today.
With DER, this is changing and requires a
closer look.

However, this visibility is not available every-
where presenting challenges in representing
emerging technologies where limited historical
data is available. Net metering also presents
challenges, hindering the ability to confidently
separate DER output and load, masking load
and thus complicating the planner’s ability to
generate planning scenarios that properly
account for the temporal variations of each.

In order to realize the benefits of these new data
streams in planning, there are specific capabili-
ties needed:

* Guidance on what data is required to inform
planning decisions.

e Data management practices that ensure
effective maintenance and population of GIS
information needed to support planners in
quickly updating or generating accurate
planning models.

* Data storage and processing capabilities that
can handle massive amounts of measure-
ments and locational information, which
planners can readily leverage to inform plan-

ning models and scenarios.

* Robust analytical methods and tools that can
remove measurement errors and reconcile
deviations from “system normal”, such as
those due to operator switching or auto-
mated system reconfiguration.

* Derivation of appropriate time-series profiles
that appropriately capture hourly and sea-
sonal variations in load and DER output and
can serve as the basis for QSTS planning
studies.

Advanced System and Resource
Controls

Advanced system operational controls, such as
advanced distribution management systems
(ADMS) and distributed energy resources man-
agement systems (DERMS), provide numerous
functional capabilities and advanced applica-
tions that can greatly improve the operation
and reliability of the system. However, these
advanced control systems do not reduce or
eliminate the need for planning. In fact, plan-
ning and operations groups will need to work
even more closely to ensure the future system
upgrades and expansion efforts consider these
controls, optimize their benefits, and even
expand their deployment in response to chang-
ing system needs and demands.
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One key aspect, needed to support this future
includes the derivation of forecasts and accurate
models for relevant control functions and appli-
cations, which may influence planning deci-
sions on future system designs and needs. This
includes data management to store, update, and
disseminate control setting information cur-
rently being used in the field, and the ability of
planners to evaluate and propose new settings
for certain controls that may mitigate issues or
strengthen the system. In many cases, existing
DMS and other system controls are not explic-
itly modeled. When performing traditional
peak planning studies, the system controls were
often represented by manual intervention from
planners, setting the state or status of individual
system assets to emulate the system control
operation for a particular scenario. However,
when emulating complex control schemes, this
practice can be cumbersome leading to errors
and is impractical to perform if QSTS simula-

tions are required.

Deployment of new system controls can also be
evaluated as potential NWA. For instance, an
electric vehicle charging system’s capital and
operational costs can be compared against those
deferred or offset in the traditional system
expansions needed to serve the electric vehicle
charging demands. Depending upon how the
control operates, planning studies may need to
capture these operations in terms of different
planning scenarios or through direct modeling
of dispatched control signals and logic.

A highly reconfigurable system during contin-
gency events, and even normal operating condi-
tions, is an important attribute of the modern
distribution system. Given the potential for
two-way flows of power due to injections from
various points along the distribution feeder,
changes to the system configuration may result
in unexpected system impacts that traditional
planning approaches may not sufficiently cap-
ture. As a result, the number of planning cases
needing to be simulated and evaluated can dra-
matically increase as a function of DER inter-
connections and system reconfigurability.

In order to account for and incorporate these
new controls into planning, specific capabilities
needed include:

¢ Verified models for control schemes that can
impact planning simulation results or benefit

from planning studies designed to inform
control system rollout or determination of
control settings.

e Analytics that can quickly assess system-wide
benefits of different control implementations
to inform strategic planning effort or as
potential non-wires alternatives.

Evolving Planning Criteria and
Obijectives

The desired performance of the distribution sys-
tem is evolving as well. However, it is unclear
how planning criteria will need to evolve to
account for changing system characteristics and
industry and regulatory objectives. Further-
more, it’s difficult to determine the extent to
which changes in planning criteria or objectives
would impact system expansion plans and capi-
tal expenditures.

Identified planning needs and capabilities that
will support modernization of the distribution
system include:

e Clear, appropriate, and quantifiable metrics
for evolving system objectives such as system
flexibility and resiliency.

e Ability to effectively and efficiently evaluate
the influence that new or altered metrics
would have on system performance and capi-
tal expenditures in order to ensure they are
beneficial to all parties.

* Methods for incorporating stacked benefits
and resource implementation objectives,
such as greenhouse gas reduction targets,
within technical and economic studies.

* Robust risk assessment and predictive reli-
ability assessment tools that can capture
changing system objectives and other plan-
ning uncertainties.

Distribution planning tools will not only need
to support the objectives and criteria at the dis-
tribution level, but also support coordination
and information exchange between generation,
transmission, distribution, and customers.
While the objectives of integrated planning will
vary depending on utility structure, existing
practices, and regulatory aspects, the distribu-
tion planning process is most impacted due to
the degree of change. In order to inform genera-
tion and transmission planning, distribution

planning studies are required on a much larger

scale, requiring analysis of hundreds or thou-
sands of distribution feeders, across multiple
years and planning horizons not typically per-
formed today. Supporting integrated planning,
using the traditional methods and approaches,

would be highly resource intensive.

Increased Customer and
Stakeholder Engagement

In many states, regulatory and stakeholder pro-
cesses are underway to influence the develop-
ment of new distribution planning processes
that better consider DER integration. These
processes include new requirements for distri-
bution planners to communicate the distribu-
tion planning process, analytics, and decisions
to a broad set of stakeholders. Planning will also
need tools to support stakeholder understand-
ing and visibility in distribution planning deci-
sions. With these requirements, future planning
processes and tools will not only need to enable
efficient technical assessments and economic
evaluations but also provide results that are eas-
ily digestible and comparable across a range of
factors. Planning tool capabilities that support
this objective include:

* Simulation and analytics to produce stan-
dard as well evolving metrics regarding the
technical performance and economic cost-
befits of different system reinforcement
alternative.

* Ability to quickly introduce new emerging
technologies and third-party solutions into

the technical assessments and evaluations.

¢ Tables and visualizations that allow planners
to readily document and easily communicate
planning study results to both internal and
external stakeholders, considering a wide
range of alternatives and complex issues.

These capabilities not only support efficient use
of available planning department resources, but
more importantly, support effective stakeholder
engagements through increased transparency
and understanding of planning decisions.
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The Distribution System
Planning Process of the
Future (Vision)

Each of these drivers point to specific capabili-
ties that are required within the planning pro-
cess representing increases in complexity and
time to perform planning studies in the future.
While currently planning tools may have the
ability to be used for certain components of
these analytics, new capabilities must be devel-
oped to comprehensively plan and design a sys-
tem, factoring in all these complexities, in an
efficient manner.

Review of the drivers and gaps by utility mem-
bers indicated the following vision for the key
features and capabilities for modern a distribu-

tion system planning process:

¢ Holistic evaluation of traditional and non-
wires alternatives.

* Flexibility to incorporate changing planning
objectives and criteria.

* Engineering analysis that supports effective
and efficient system planning.

 Seamless integration of existing and emerg-
ing data sources.

* Supports integrated system planning needs
between generation, transmission, distribu-
tion, and customers.

This process depicted in Figure 4 describes steps
of the planning process that will be required in
the future. Some of these steps exist today but
may be smaller in scale, while others are new
steps required for considerations of new

resources. New analytics must be developed to
characterize various alternatives, optimize their
use, and compare them to traditional alterna-
tives effectively.

A major requirement to realizing this vision is
the development of tools and analytics that
automate various steps of the planning process.
As noted previously, the complexities intro-
duced by a more modern distribution system
are not easily addressed using traditional plan-
ning methods and tools. However, this does not
equate to the automation of the entire planning
process. On the contrary, many aspects of the
planning process cannot be reasonably auto-
mated. Furthermore, automation can neither
replace the planning engineer’s experience and
knowledge of the system nor introduce extrane-
ous factors not captured by simulations or ana-
lytics. Instead, the planner should have the
ability to engineer the appropriate automated
analytics and simulations, to more effectively
and efficiently answer planning study needs and
objectives.

Gaps to Get There

By identifying the drivers, capabilities, and
future vision, this white paper is a first in a
series of white papers outlining the roadmap
forward on future tools and methods to support
planners in designing the modern distribution
system. The changes are not trivial and require
advancements in all areas of the planning pro-
cess in order to fill the gaps that exist.

In parallel with the roadmap, EPRI is also
developing the automated distribution assess-
ment platform and tools “ADAPT” toolset. The

purpose of ADAPT is to support research,
development, and testing of new methods for
automating the planning process steps dia-
gramed in Figure 4.

Applications of the ADAPT toolset will be
highlighted in subsequent white papers, which
further outline the roadmap and delve further
into key aspects of the capabilities required for
the modern distribution planning process—
such as:

1. Data and modeling needs.

2. Alternative design and assessment.

3. Economic and cost-benefit assessment.
4

User interface and reporting.
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