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distribution systems.1 As both methodologies are established and
mature, they can then be quantified and integrated together into a
single map. Advances in distribution planning methods are expected
to help provide visibility, consistency and transparency into the
process.
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Introduction
Change to the electric grid is occurring due to the addition of distributed energy resources (DER). The result is a new set of challenges for planning and operating the grid, especially on the distribution
system that serves these new resources. Utilities are faced with making decisions on how to consider this growing penetration of DER.

While hosting capacity analysis is foundational and also enables
other more advanced system analysis, there are also challenges to
utilizing this method to its fullest today. The main challenge consists
of the data and models needed to perform the analysis. In most
cases, utilities do not have their entire system modeled. Data that
currently exist on paper needs to be translated into the planning
tools utilities use and validated based on current operating conditions. In addition, the existing DER needs to be captured within
utility planning/GIS tools to be able to be utilized as part of the
evaluation process. Currently utility planning tools are beginning
to incorporate this method as part of the analysis toolset, but this
process will take time.

With this change in mind, the New York State Public Service Commission (PSC) issued an Order Instituting Proceeding to launch its
Reforming the Energy Vision (REV) initiative. This initiative aims
to reorient both the electric industry and the ratemaking paradigm
and intends to more fully integrate and utilize distributed energy
resources (DER) with distribution planning and operations.
The Joint Utilities of New York are required to establish a structure
for a transparent planning process in addition to identifying where
DER can be best accommodated. Separately, utilities must identify
where DER participation may provide the greatest benefit on local
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In this whitepaper an approach and method is recommended by
the NY Joint Utilities to be applied to DER hosting capacity in NY
State. It focuses on methods that support the REV objectives related
to effective integration of DER. The main outcome of this paper is
to inform stakeholders of the recommended approach and methods,
needs and challenges for implementation, and applications in NY.

the DSP’s responsibility to identify where DER adversely impacts
the distribution system and where DER participation provides the
greatest benefit to the local distribution system.3
The objectives are to provide increased transparency as to where
each utility has hosting capacity, provide developers/customers visibility into better or worse locations for DER, and to understand
where and how DER impacts the entire distribution system. Over
time, combining this analysis with existing DER penetration and
long-term DER forecasts, it can help inform where infrastructure
upgrades may be considered.

Hosting Capacity Analysis Described
Providing safe, reliable, and affordable service to all customers remains paramount and the responsibility of the distribution utilities.
With the addition of DER, utility engineers must ensure it does
not adversely impact power quality or reliability. Currently, customers and developers, as well as utilities, do not have visibility into
the potential impacts of DER across the distribution system and
where DER may have less of an impact. Performing detailed studies
requires a great deal of data and time, but there is a need to better
understand: How much DER can be accommodated, what potential issues may arise over time, as well as where DER can be more
optimally located.

Hosting Capacity: Providing a Foundation
The concept of hosting capacity is not new, but the uses of it are
becoming more widespread as the industry needs a comprehensive
approach to understanding the impacts of DER. The concept of
hosting capacity and associated methods for analysis were first introduced to the US industry back in 2011,4, 5 in which EPRI published
a consistent, repeatable, and transparent method for performing
detailed hosting capacity studies. EPRI then worked with many
utilities through the next few years and examined millions of PV
deployment scenarios across dozens of distribution feeders.7 The engineering time associated with the detailed study on a single feeder
was on the order of weeks and required significant engineering and
computation time to perform. The lessons learned from this broad
industry effort led EPRI to develop a more streamlined and efficient
method to determine feeder hosting capacity for PV and other
forms of DER, thus allowing engineers to analyze feeders within a
matter of minutes using automated methods that work with existing
distribution planning tools. Due to automation, this method can be
applied across an entire distribution system service territory. Working with a number of utilities, over 3000 distribution feeders have
been analyzed to date using this methodology. EPRI is also working
with vendors of commercial distribution planning tools for incorporation into their existing toolset.8

What is it and Why is it so Important?
This “hosting capacity” of a distribution system is the amount of
DER that can be accommodated without adversely impacting power
quality or reliability under existing control configurations and without requiring infrastructure upgrades. Hosting capacity can vary
across feeders, along a single distribution feeder, as well as within
a secondary distribution system. Hosting capacity will also change
over time as the distribution system infrastructure and operations
change. Hosting capacity can sometimes be increased with infrastructure upgrades or through the use of DER with smart inverters2
or other advanced control schemes.
Responding to the DSIP Order issued in April, the Joint Utilities
of New York are seeking a structured and transparent planning
process as part of the DSIP. Under this planning process, it will be
2
3
4
5

Grid Impacts of Distributed Generation with Advanced Inverter Functions:
Hosting Capacity of Large-Scale PV Using Smart Inverters. EPRI, Palo
Alto, CA: 2013. 3002001246.
Joint Utilities – Informal Feedback on Draft Report of the Market Design
and Platform Technology Working Groups – July 31, 2015.
Joint Utilities – Informal Feedback on Draft Report of the Market Design
and Platform Technology Working Groups – July 31, 2015.
Impact of High-Penetration PV on Distribution System Performance:
Example Cases and Analysis Approach. EPRI, Palo Alto, CA: 2011.
1021982.

6
7
8

Analysis of High-Penetration Solar PV Impacts for Distribution Planning:
Stochastic and Time-Series Methods for Determining Feeder Hosting
Capacity. EPRI, Palo Alto, CA: 2012. 1026640.
Distributed Photovoltaic Feeder Analysis: Preliminary Findings from
Hosting Capacity Analysis of 18 Distribution Feeders. EPRI, Palo Alto, CA:
2013. 3002001245.
A New Method for Characterizing Distribution System Hosting Capacity
for DER: A Streamlined Approach for PV. EPRI, Palo Alto, CA: 2014.
3002003278.
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The simulations and impacts observed through application of
the Streamlined Approach on specific feeders can be beneficial in
determining how DER can impact the distribution system as well as
providing the utility criteria for the particular feeder.

•

Interconnections: A key objective outlined in the Track 1 Order
is an improved interconnection process and establishing greater
consistency across the state. Hosting capacity information helps
guide developers to apply for interconnection where detailed
engineering studies are less likely to be required, improving
efficiency of the process. As hosting capacity reaches advanced
stages, incorporation into internal processes could help facilitate
the interconnection process.
There are similar challenges with interconnection as with mapping. Particularly important in this process is to ensure that
DER applications in the queue and existing DER are considered. The frequency of updates to this data and of refreshing the
hosting analysis should be done as applications are approved.

•

System Planning: As the NY utilities develop an integrated
planning roadmap, hosting capacity analysis is a critical piece
in the analytical framework and methodologies needed. Hosting capacity can be enhanced with load and DER forecasts to
evaluate different planning scenarios on a feeder-by-feeder basis.
Under these scenarios, utilities can evaluate potential mitigating
factors, infrastructure upgrades, as well as a system-wide cost
benefit assessments of DER. In the future, this enhanced level
of analysis will enable utilities to determine the ability of the
distribution system to utilize services from DER, the impacts of
DER on grid reconfiguration, operational strategies, as well as
smart inverter technologies.

•

Locational Value: The ability to determine variations in locational value of DER for grid operations is a key objective of
REV. The data, tools, and processes utilized in hosting capacity
analysis can also help identify locations where benefit from DER
can be maximized without incurring additional costs.

Figure 1 – Broad Application of Utilities Participating in EPRI’s Hosting
Capacity Projects

The hosting capacity method that has been defined and implemented has been used by utilities across the country and internationally
(Figure 1). Hosting capacity methods have served as a foundation
and have been built upon in order to perform:
•

Mapping: One requirement of the DSIP guidance is for DER
developers and others to have greater visibility into what areas
of the utility system may be better suited for accommodating
DER. The ability to provide maps, similar to what has been
done in California, has been a central discussion point as it
relates to streamlining interconnection processing in NY. Having a defined hosting capacity method gives developers/others
the ability to understand better/worse locations for DER on the
system as an indicator of potential costs.

Implementation Plan – A Roadmap to Successful DER Integration

There are some considerations concerning the presentation of
this information that must be understood. Maps illustrate a
point-in-time representation of the hosting capacity. Any new
applications that have been received into the queue, approved
or installed, may not be represented on a previously-developed
map and could impact the hosting capacity. Similarly, any
change in utility operation on particular portions of the feeder
may also change the hosting capacity. Due to the operational
requirements of the distribution system and rate of application
acceptance, the information provided is not real-time. As such,
utilities should clearly identify the date on which the analysis
was performed and have an established refresh process.

While an effective hosting capacity method has been developed
and is compatible with existing planning tools, implementation of
hosting capacity analysis requires time and resources to obtain and
maintain the required data necessary for application across an entire
distribution service territory. Each utility may be starting from a
different state of readiness with respect to the necessary data. Therefore, a phased approach is recommended (Figure 2) that outlines a
roadmap to fully integrated DER value assessments. This implementation roadmap would provide increased effectiveness, complexity
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Within each service territory there may be thousands to millions of
service transformers that deliver power from the medium voltage
down to a more usable, low-voltage service level. These transformers
distribute this service through multiple secondary systems that connect each service transformer to individual residences, commercial
buildings, and industrial complexes.
Therefore, located at the very “edge” of the grid – the typical distribution utility can have from hundreds of thousands to millions of
customers– all served by a vast and diverse number of feeders, substations, planning areas, and ultimately an entire distribution service
territory. Planning for and integrating large amounts of DER located
near the “edge” of the grid, as a result, can be quite a challenge

Figure 2 – Phased Implementation Plan

Throughout a service territory, utilities may or may not have distribution feeder models of the system. In some cases, distribution

and data requirements over time. It should also be noted that initial
efforts will focus on solar PV in New York State, but other DERs
can be prioritized into the process. The four phases include:
•

Phase 1 Distribution Indicators – Recognizes specific indicators
that contribute to hosting capacity based on available data, but
does not represent a complete hosting capacity evaluation

•

Phase 2 Hosting Capacity Evaluations – Evaluation of hosting
capacity on a feeder-level basis considering the key components
of DER impacts

•

Phase 3 Advanced Hosting Capacity Evaluations – Evaluation of
the hosting capacity on the more granular (node) level including considerations for operational flexibility and transmission
constraints

•

Phase 4 Fully Integrated DER Value Assessments – Hosting
capacity assessment combined with DER value assessments
that identifies potential benefits including improved efficiency,
reliability, and capacity deferral. Means for increasing hosting
capacity through use of smart inverters and storage.

Figure 3 – Characteristics of a Typical Distribution Service Territory

feeder models have not necessarily been required for traditional
planning purposes where there is only one-way power flow. In such
cases, it is not uncommon for utilities to rely on other means for
planning that do not require detailed load flow and take advantage
of experience combined with other data repositories such as GIS,
asset documentation, and customer information systems.

Utility Challenges
An entire distribution service territory often consists of multiple large
planning areas where substations and feeders have widely varying
design and control parameters. As portrayed in Figure 3, within each
planning area, utilities may have tens to hundreds of substations that
connect and deliver energy from the transmission system to serve
hundreds to thousands of different distribution feeders. Each of these
feeders are outfitted with equipment for providing both voltage control and system protection with custom settings to enable the utility
to serve all customers in an efficient and reliable manner.

In some cases only a limited number of distribution models are available. This typically occurs as a result of model development on an asneeded basis. Model development can be a time-consuming exercise.
Utilities are now in the process of documenting the system in a more
detailed fashion in light of the need to study DER interconnections.
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Feeder Models and Associated Data

With growing penetration of DER, more detailed models are required. While traditional rules of thumb have proven quite effective
through the years, with the proliferation of DER, non-model based
techniques of system analysis are no longer sufficient.

The vast majority of data needed to perform the hosting capacity
analysis are based on “typical” distribution feeder models which
distribution planners use today. Valid electrical feeder models will
need to include feeder medium voltage lines and regulation equipment, customer loads modeled as they are in the field (location and
phase), and substation equivalent impedance. Additional data that
may or may not be readily available include non-peak solutions for
the feeders as well as accurate models of regulation equipment (settings, etc).

Through effective modeling of the distribution system a broad range
of benefits can be realized from improved confidence in decision
making to increased efficiency of DER impact assessments, visibility into the distribution system, and better utilization of existing
assets. Rather than relying on rules-of-thumb, model-based analysis
methods enable utilities to more accurately assess DER impacts on
the distribution system. Models also allow utilities to better evaluate
solutions to accommodate DER and perform value determinations.
When models are readily available, utility engineers can also save
considerable time assessing the impacts of DER. Variations in grid
and DER conditions can be evaluated allowing distribution engineers to consider a wide range of possible conditions by which DER
can interact with the grid.

In order to perform this type of analysis across an entire distribution
system, a large amount of validated data is required. Since not all
utilities have models of their entire distribution system, filling this
data gap is a priority to utilizing a hosting capacity method. In NY,
the main challenges are to populate the utility tools with data that
has not been previously tracked, data that may be kept on paper,
and current operating conditions that may have changed.

Hosting capacity analysis is a prime example where distribution
feeder models are required in order to effectively determine grid
impacts due to DER.

Another consideration is the type of system being modeled. In New
York, there are both radial and network systems. Radial systems
employ a hub and spoke configuration to transfer power from highvoltage lines to low voltage customer premises while network systems
maybe designed to suffer two failures (hence the designation as designed to a N-2 contingency) without interrupting loads as depicted
in Figure 4. The result is reliability up to two orders of magnitude
better than can be achieved with radial systems. Due to the different
designs of these systems, the modelling needs are different.

Developing and maintaining distribution models that cover the
breadth (large number of feeders) and depth (clarity and fidelity
through each feeder) allows utilities to better reflect grid assets and
performance across the entire distribution system and at the “edge”
of the grid. Depending upon where a utility resides on the spectrum
of distribution system modeling (breadth and depth), the time it
takes can be rather significant (man-months to years) to develop distribution system models with the necessary “breadth” and “depth,”
and this model expansion will come at an added cost.
As the grid is modernized, available and valid data will become more
prevalent but it still remains a difficult and time consuming process
to incorporate into planning models. One aspect of this difficulty in
modeling will be an abundance of data and knowing what is pertinent to the feeder model. Utilities are in the process of documenting the system in a more detailed fashion and developing accurate
system models in the process.
Industry guidance regarding distribution system modeling requirements, gaps, and prioritizations are covered extensively in a recent
EPRI report.9
9

Figure 4 – A typical radial distribution feeder and network distribution
system

Integration of Hosting Capacity Analysis into Distribution Planning Tools.
EPRI, Palo Alto, CA: 2016. 3002005793.
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Over time, distribution feeders change due to new customer interconnections, planned upgrades, maintenance, outage restoration,
etc. Additionally, new DER is being added on an ongoing basis.
Maintaining system models is an ongoing process. Capturing the
existing “status” of DER in addition to the traditional distribution
assets will be key to creating valid distribution models. This requires
new processes be established to track this data and incorporate it
into planning models. A refresh cycle must also be established that
provides a timeline for regular updates to the existing approved
and installed DER. One example of the importance of this step is
illustrated in Figure 5 with the continued growth in PV penetration
across the NY utilities. The number of systems, size of systems, and
location of systems in the queue must be considered as part of any
hosting capacity assessment.

Hosting Capacity and Load Levels
With the introduction of DER, it is essential to consider
non-peak load conditions as a distribution feeder hosting
capacity changes throughout the day as load varies. With
solar PV, for example, the most limiting constraint may
occur during low-load conditions when the load is at or
near minimum values. This can be quantified by examining DER impacts with feeders at minimum daytime load.
However, utility planning methods have traditionally
focused on optimizing system design for peak loading conditions. As a result, the toolsets and data sources will need
to be adopted to consider non-peak solutions as well.

Distribution Planning Tools
Utilities currently use load flow analysis tools from several vendors
for planning purposes. This core functionality needed to perform
hosting capacity analysis (load flow and short-circuit analysis) is
available within these tools. Rather than retooling, the hosting
capacity method can be an add-on that can work within existing
distribution planning tools. Using tools distribution planners are
familiar with today, the method can also leverage the existing available data set to provide a much needed new functionality. Distribution planners are enabled to use this tool on an as-needed or regular
basis to analyze individual feeders or the entire distribution system.
This analysis can be done in conjunction with traditional distribution planning and grid modernization assessments. By utilizing this
tool, the translation of models between platforms is alleviated and
improves data management and upkeep in the process.
Integration of the hosting capacity method into the common planning tools is currently underway with the expectation that most
planning tools will have the ability to perform hosting capacity
analysis in the next 2–3 years. EPRI is releasing the methodology in
2016 such that it is compatible with the most commonly utilized
planning tools and one vendor is adopting the methodology with
the planned release of 2016 as well.

10
Figure 5 – Installed DER in NY State (Cumulative and Fraction of Peak
Demand)

Distribution Modeling Guidelines: Executive Summary, Recommendations
for System and Asset Modeling for Distributed Energy Resource
Assessments. EPRI, Palo Alto, CA: 2016. 3002008894.
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Phase 1 – Indicator Assessment

Impact Factors that Contribute to Hosting Capacity

Recognizing that a true hosting capacity assessment requires distribution feeder models and not all utilities have the present tools and
data to model their entire system, distribution indicators will be used
to provide information to identify areas where DER can be accommodated on distribution feeders fed from each substation. Possible
indicators would include such items as estimated level at which substation backfeed may occur, feeder voltage class, radial vs. networked,
etc. Indicators will vary by utility based on the data that is available.
Utilities are currently making “red zone” maps available based on
these indicators to help provide visibility into locations where there
may be a cost to connect.

The main factors that drive the amount of DER that can be hosted
are: 1) DER location, 2) DER technology, and 3) feeder design
and operation. These factors act as inputs to the hosting capacity
method and impact the output of the method.
DER Location – The hosting capacity for any feeder is not one single
value but a range of values that depend upon a number of factors,
mainly DER location. An effective method must consider all possible
single, centralized locations along a feeder as well as the aggregate
impacts of highly distributed DER. Also inherent to DER location is
the consideration of phasing of the feeder at that location, i.e., connected to the three-phase main trunk or a single-phase lateral.

These indicators will allow developers to consider the type of constraints that may exist in different areas they are considering installations. Locations along feeders where specific limitations may reside are
not considered. Feeder-level hosting capacity, where actual calculations
will be performed at the feeder-level will be considered in Phase 2.

EPRI research has shown that significant levels of small DER spread
throughout a single distribution feeder can have a considerable
adverse impact on the distribution system performance. This is often
neglected in many studies. Likewise, the impact of large centralized
DER has been shown to have a significant but widely varying impact
depending upon where it is located along the distribution system.10

Phase 2 – Hosting Capacity

The amount and location of existing DER that are already interconnected can greatly impact the hosting capacity of any given feeder
and therefore must be taken into consideration as well.

In Phase 2, there is a need to ensure a certain level of standardization across the utilities in how they plan and develop hosting capacity requirements. As described in Figure 6, it is key that the hosting
capacity method must provide enough granularity such that it can
distinguish the important factors: location, feeder design and operation, and DER technology. The method must be scalable in order
to analyze entire distribution systems but also repeatable to consider individual feeder modifications. Transparent and proven (i.e.,
validated) methods should also be used in order to gain confidence
in the results obtained through hosting capacity analysis. Lastly,
the method must be available such that readily accessible data and
distribution planning tools can be utilized.

DER Technology – The type of DER is another critical component
since variable DER such as solar and wind have a vastly different
distribution impact when compared to other forms of dispatchable
DER such as energy storage. The differences primarily emanate from
the ability, or lack thereof, to control the DER and when the DER
is available. Care must be taken when considering specific technologies and how they interact with the grid as shown in Figure 7.
Variable generation such as solar and wind are similar in that they
are for the most part non-dispatchable resources. Even though
they are both an intermittent resource their impact to the system
is dependent on the time of day they provide power. The impact
of inverter-based technologies can change when advanced inverters
that have additional grid support functionality are used. In some
cases, this functionality can help reduce the impact of the intermittent resource by providing voltage support. However, advanced
inverters may not always reduce impact. Identifying the appropriate
settings for operation is critical.

Figure 6 – Fundamental Requirements for Hosting Capacity Method
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Figure 7 – The Technology

The Hosting Capacity method should be technology neutral and be
able to consider any type of DER by inputting various load shapes.
The specific technology determines how the analysis is setup to
properly quantify the unique impacts of the particular resource. PV
is the most prominent technology being installed currently and the
near term focus of efforts in NY.
Feeder Design and Operation – Distribution feeder characteristics
also determine how much DER can be hosted. Voltage class, feeder
topology, and load location are just some of the factors that determine what level can be accommodated and where. Additionally, the
operation of the system, like voltage control schemes and radial/network topology, can have an impact on the amount of DER that can
be accommodated and where. As load varies over time, the amount
of DER that can be integrated is impacted as well. For example,
with solar PV the most limiting load level often occurs during midday when some feeders are at their minimum load levels.

Figure 8 – The Feeder

The Hosting Capacity method must consider the actual feeder
design and operation. These characteristics result in a dynamic
interaction that must be examined in the power flow solution of the
complete feeder model. Figure 8 summarizes hosting capacity results
on 28 different feeders. Each has a unique hosting capacity based on
the factors described above when looking at PV.
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Necessary Criteria for an Effective Method

Thermal Overload: Distribution assets such as lines and transformers have certain capacity ratings that should not be exceeded or the
asset may violate a safety standard (e.g., overhead line clearance),
undergo shortened life and/or experience an unexpected failure.
While DER can in many cases reduce the thermal loading on lines
and transformers, increased levels of generation that cause backfeed
(reverse power flow) can reach and/or exceed the thermal limits of
assets. This type of condition can occur if the DER produces energy
during low-load periods or if the DER is located remotely from the
local feeder load.

Using these items as inputs, there are a range of different outputs
that result from the analysis of each impact shown in Figure 9.
Utilizing these outputs, the distribution utility can make a decision
not only about interconnection impact, but also about how the
operation of the feeder may be impacted in the future as penetrations increase.

Protection: As mentioned previously, system protection is another
critical aspect that can determine hosting capacity. Utilities must
retain the ability to detect and isolate faults as well as provide service
restoration to all customers in a timely fashion. The addition of
DER can affect the utility’s ability to perform these functions, and
therefore must be considered when determining hosting capacity as well. Common impacts from integration of DER s include:
nuisance fuse blowing, misoperation of equipment, increased shortcircuit current, unintentional islanding, and sympathetic tripping of
the feeder.
While the fault contribution from inverter-based generation can
be short in duration due to fast acting controls, other forms of
machine-based DER that utilize synchronous or induction machines can yield much higher fault currents. The type of DER and
its associated fault current response must be appropriately quantified and considered. Standard fault current analysis can be used to
compare the fault response with and without the DERs to evaluate
the potential impact on system protection.

Figure 9 – Power System Criteria for Determining Hosting Capacity

A summary of the various criteria that can impact hosting capacity
includes:
Voltage: The hosting capacity on a particular feeder will be dependent on the planning criteria used for the calculation. Operating
conditions such as conservation voltage reduction (CVR) could
reduce the hosting capacity. These feeders may have additional
headroom before reaching the ANSI voltage limits, but the operating strategy may dictate the voltages be kept at lower levels. In
addition to overvoltage, the hosting capacity can also be limited by
how much the DER changes the voltage. Voltage changes (deviations) may not have a strict ANSI threshold; however, they could
cause voltages to suddenly swing above/below operating limits. In
addition, this can cause additional control (regulator/capacitor)
operations or tripping of sensitive equipment and impact the power
quality for existing distribution customers.

Reliability/Safety: Anti-islanding remains a concern even with the
presence of inverter destabilization controls that are constantly
searching for the islanded condition. An issue with these destabilization controls is that conflicting objectives between various brands
of inverters can potentially delay or miss the detection of an island
before automatic feeder control devices try to reclose on the island.
Using a direct transfer trip or ensuring there is an active and reactive
power mismatch are the most definite ways to prevent an unintentional island but would either add significant cost or could severely
limit the amount of DER on the feeder.
Additionally, operational flexibility must be considered to accurately
capture the impact of DER. Distribution planners regularly reconfigure the system due to load growth changes, system maintenance,
and system contingencies. As the distribution operator reconfigures
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the distribution system, the hosting capacity of the feeder(s) can
vary considerable.11 These conditions must be included to capture
the hosting capacity for each of the scenarios. If not considered,
reconfiguration capability (operational flexibility) could be limited.

feeder as well as in the queue.
Once the baseline feeder response is determined, locations along
the feeder are examined. At each electrical “node”12 in the model,
the DER capacity at that location is increased. The impact of that
location and capacity of DER is then examined by comparing feeder
response to the power system criteria (Figure 9). The DER capacity is then increased until one of the several power system criteria is
violated or some other system constraint is found.

Applying an Analytical Framework
Given the requirements of the hosting capacity method defined
above as inputs and outputs, the analytical approach required to
perform this type of analysis can be identified. An illustrative example of how hosting capacity calculations are performed is shown
in Figure 10.

The DER assessments are also then performed by applying various
DER “scenarios.”
These scenarios make up the basis of the DER impact analysis. Each
scenario results in a node-specific hosting capacity for DER at a
specific location.

Utilizing the hosting capacity method, the distribution feeder
model can be analyzed with a series of loadflow and fault studies.
The loadflow study provides voltages, element loading, load allocation, and connectivity of the model, while the fault study provides
impedance/resistance/reactance data. A baseline feeder performance
is established based upon feeder voltages, thermal loadings, and
short-circuit response. This should include any existing DER on the

An effective hosting capacity method should consider a wide range
of scenarios are considered in the overall analysis, including both
centralized DER (e.g., ground-mounted solar PV) as well as highly-

Figure 10 – Example of Streamlined Hosting Capacity Analysis Method

11

Distributed Photovoltaic Feeder Analysis: Preliminary Findings from
Hosting Capacity Analysis of 18 Distribution Feeders. EPRI, Palo Alto, CA:
2013. 3002001245.

12

Feeder Reconfiguration under High-Penetration PV Conditions. EPRI, 13
The node is a point on the feeder between two line sections. Depending
on the model, this may resemble locations in the field where the feeder
branches, locations of power poles, or impedance sections within the model.
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distributed (e.g., customer-based rooftop) systems. For Centralized
DER, a scenario’s hosting capacity is based on DER at that location
and does not consider DER at any other location on the feeder. For
Distributed DER, a scenario’s hosting capacity is depicted at the
node where the DER is “centered” on the feeder and only considers
DER at other locations based on the applied DER distribution. For
both Centralized and Distributed DER, there are as many scenarios
simulated as there are nodes on the feeder. Each scenario results in a
hosting capacity value and therefore there are two hosting capacities
at each node – one based on Distributed DER and another based
on Centralized DER. As such, a single feeder can have thousands of
possible hosting capacity values.

sections will change the resulting hosting capacity. Similarly, the feeder
hosting capacity is the range in node hosting capacity on the entire
feeder. It is important to note that the feeder and section hosting capacity IS NOT the summation of individual node hosting capacities.
Each feeder can then be analyzed independently to determine its
feeder hosting capacities. Aggregating further to the substation, one
could determine the substation’s overall ability to accommodate
DER. At the substation, the hosting capacity may be less than the
summation of individual feeder hosting capacities. In some cases,
there may exist an upstream constraint at either the substation and/
or transmission level that may constrain the aggregate feeder-level
hosting capacity for feeders fed from a specific substation. This is
addressed in Phase 3 described later.

When completed, thousands of scenarios are examined on all potential locations, or “nodes”, on the distribution feeder.

One of the most effective methods to convey results is through visualization. Maps illustrating hosting capacity will be created using the
load flow models in the planning tools.. Reference Figure 12 as an
illustration of hosting capacity limits for centralized DER based on
three different distribution criteria impacts. The hosting capacity is
shown at the node, thus the color at the node depicts the amount of
DER that could be accommodated at that location and nowhere else
on the feeder. Each distribution criterion can have a significantly
different hosting capacity result.

A simple feeder example in Figure 11 illustrates hosting capacity at the
node, section, feeder, and substation. In this example, one distribution impact is considered for centralized DER. The six nodes are each
independently examined for the amount of DER that can be accommodated at that location. The colors indicate the resulting hosting
capacity. The section hosting capacity is then the range in node hosting capacity on that section. Again, the section’s HI/LO range is based
on DER only at a single node along that section. Any DER on other

Figure 11 – Example of Node, Feeder, Section, and Substation Hosting Capacity for Centralized DER and one Distribution Impact
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DER. The feeder hosting capacity then depicts the lowest hosting
capacity from the node-based results. The entire feeder is shaded the
same color to portray that DER penetration above that level may be
problematic at some locations on the feeder (Figure 13-B). There are
many locations shown in the node-based results (Figure 13-C) that
can accommodate higher levels of DER, but any penetration less
should have no adverse impact.
Feeders served from the same substation transformer can have many
different hosting capacities as shown in the feeder hosting capacity
results (Figure 13-B). Out of seven feeders served from the substation transformer, one falls into the highest hosting capacity range
while two fall into the lowest. In this case, the substation hosting capacity is the summation of all the individual feeder hosting
capacities, as there were no substation constraints that limited the
aggregate DER into the substation. All feeders served from the
substation transformer are shaded the same color to represent the
substations ability to accommodate DER (Figure 13-A). Again, the
value shown in the example depicts the worst-case scenario that occurs on all feeders served. Alternatively, the best-case scenario can be
portrayed for feeder and substation hosting capacity.

Figure 12 – Node Hosting Capacity for Three Distribution Impacts

The node hosting capacity is ultimately the lowest value at which a
planning threshold violation is calculated based on all distribution
criteria. Figure 13-C shows an example where the node-level hosting capacity reflects all issues chosen in the analysis for Centralized

A) Substation

B) Feeder

C) Node

Figure 13 – Substation (A), Feeder (B), and Node (C) Level Hosting Capacity Example Illustration for Centralized DER
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Phase 3 – Advanced Hosting Capacity
Evaluations

In addition, as higher penetration levels of DER are realized on the
distribution system, the distribution feeder is not the only consideration that must be made. Additional analysis that captures the
substation-level impact of aggregate DER across multiple feeders into
the substation ensures proper operation of all feeders in the area. In
some cases, a substation-level backfeed or sub-transmission/transmission constraint may exist that needs to be taken into account as well.

The distribution system is dynamic and regularly reconfigured due
to load growth changes over time, system maintenance, and system
contingencies (unplanned outages). In order to maintain reliability for all customers, it is paramount that the distribution system
remains flexible in order to reconfigure as needed.

Including items such as this require additional modeling and coordination with substation/transmission engineering. As the overall grid
becomes more integrated, such considerations are paramount.

DER interconnected to one feeder at a specific location may have
no adverse impact to the grid or other customers; however, if the
need arises for that portion of the feeder to be served from another
feeder, voltage and/or protection issues due to the DER could
prevent the operator from performing the switch. As a result, there
is the need to consider what is referred to as operational flexibility
in a hosting capacity analysis as shown in Figure 14. In some cases,
operational flexibility could limit the amount of DER that can be
connected to the distribution system at a specific location. This type
of analysis requires hosting capacity to be determined for multiple
feeder conditions, and presently these switching operations are not
modeled/analyzed extensively throughout a distribution system. As
the distribution system changes over time to meet new and changing loads, this requires frequent model updates and reanalysis.

Phase 4 – Fully Integrated Value and Hosting
Evaluations
The capabilities in Phase 4 extend beyond the formal definition
of hosting capacity analysis. Phase 4 builds on the foundation of
hosting capacity to perform fully integrated value assessments. REV
emphasizes the increased integration of distributed energy resources
as part of strategies to make the power system more flexible, interconnected, and resilient. Central to this is the ability for utilities
to evaluate the locational value of DER on the grid. Just as hosting
capacity analysis identifies locations where minimal impact will
occur for DER capacities up to given amounts, it will also be able to
help identify locations where benefits from DER can be maximized
without incurring new costs.
In this final phase, the hosting capacity method enables value assessments that consider the potential to utilize DER to defer or avoid
planned capital upgrades, improve system efficiency, and enhance
power quality, reliability, and resiliency. However, in this stage an
increased level of detail and more comprehensive data set is needed.
The data requirements beyond Phases 1-3 include more details on
distribution constraints, asset performance, and DER performance
metrics. This data enables better analysis of the impacts and ability
to fully integrate DER, as well as how to increase hosting capacity
through technologies such as energy storage and smart inverters
Advanced hosting capacity will allow benefits and costs to be characterized at both the local level and the aggregated level. The assessment provides insight into impacts and takes into consideration the
dependency on specific characteristics of the distribution system
(design and equipment), location and type of DER, characteristics
of existing loads, and time variation of loads and distributed energy
resources. The result is a comprehensive hosting capacity and DER
value assessment considering both distribution and transmission.

Figure 14 – Need for Consideration of Distribution Operational
Flexibility
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Summary and Key Takeaways

obtain the data needed, validate the output, and educate developers
and the public on how it can be used.

Effective and efficient means for evaluating the impact of DER is a
necessary aspect of distribution planning today. Instead of requiring
specialized analysis and skillsets, methods being incorporated into
existing distribution planning tool can be used to improve many
aspects of DER integration.
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Table 1 – Implementation Plan - Phases, Data Requirements, Outcome, and Outputs
Phase

Consideration

Data Requirements

Outcome

Possible Outputs

1 Indicator Assessment

Possible indicators such as
– Estimated Minimum load levels
– Voltage class
– Substations over a MW threshold
typically indicative of substation
backfeed

– Currently available data
– Understanding the interconnection
queue

– Provides an indication where
certain substations/feeders may
have high costs associated with
interconnecting DER

– Maps indicating
where
interconnection costs
may be higher

2 Hosting Capacity
Evaluations – Radial Systems

– All feeders modeled in service territory
with periodic updates for existing DER
and queued DER mapped into planning
models

– All feeders modeled in service
territory with periodic updates
for existing DER & queued DER
mapped into planning models

– Feeder-level hosting capacity
determinations

– Maps indicating
feeder-level hosting
capacity

3 Advanced Hosting
Capacity Evaluations

– Substation and transmission assessments
and mapping of distribution-level
impacts to substation and transmission
– Normal and reconfigured system models

– Substation and transmission
assessments and mapping of
distribution-level impacts to
substation and transmission
– Normal and reconfigured system
models

– Refined hosting capacity
evaluations that take into account
additional criteria

– Maps indicating
node/section-level
hosting capacity

4 Fully Integrated DER Value
Assessments

– Increased level of detail regarding
distribution constraints, asset
performance, and DER performance
metrics
– Models of emerging technologies, such
as energy storage

– Increased level of detail
regarding distribution constraints,
asset performance, and DER
performance metrics
– Models of emerging technologies,
such as energy storage

– Comprehensive hosting capacity
and DER value assessments
considering both distribution and
transmission
– Ability to increase hosting
capacity

– Maps indicating
hosting capacity
along with areas
where DER can
bring additional
value to the grid
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