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Figure 6:  SCE Hosting Capacity Map (substation level) 

 

Figure 7:  SCE Hosting Capacity Map (circuit level – page 1) 

 

 

At the feeder and line section level, the map shows color-coded lines. Clickable line 
sections and nodes will show pop-up quick display window. Displayed (and 
downloadable) data includes circuit number, voltage, percent of customers, existing 
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generation, queued generation, a yearly load profile, line segment name, the 
minimum value of uniform interconnection capacity value, the minimum value of 
uniform interconnection load value, and the PV interconnection capacity value at 
12:00 p.m. 

Figure 8: SCE Hosting Capacity Map (circuit level – page 2) 

 

Figure 9: SCE Hosting Capacity Map (circuit level loading) 
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Figure 10: SCE Hosting Capacity Map (data download options) 

 

Figure 11: SCE Hosting Capacity Map (data quality/analysis alerts) 
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A Potential Approach for Bi-Directional Hosting Capacity 
Analysis 
Hosting capacity is defined as the estimate of the maximum amount of DERs that can 
be connected to the grid without compromising the power quality and reliability and 
requiring any controls or infrastructure upgrades. The term ‘bi-directional’ refers to 
the hosting capacity analysis in two directions – load and generation. Bi-directional 
hosting capacity will determine the maximum amounts of DERs, such as PVs and EVs, 
that can be accommodated in each network location. Often, hosting capacities are 
studied separately on the generation (such as PV) or load (such as EVs) dimension. 
The following narrative gives a brief explanation of PV and EV hosting capacity 
methodologies and then follows with a discussion of how these can be merged to 
provide a bi-directional hosting capacity. 

The bi-directional hosting capacity is based on a stochastic approach to PV hosting 
capacity analysis which is particularly useful for DPV scenarios (as often seen by 
Michigan utilities). This approach widens the range of nodal hosting capacity with a 
consideration to the impacts of local or nodal grid constraints (such as the size of spot 
loads at the connecting nodes) coupled with other DPV deployment scenarios, such 
as being near or far from the feeder head. 47  This methodology considers a novel 
approach to generate DPV deployment scenarios for realistic and robust planning 
activities. The approach can explicitly account for different spatial distributions of PV 
units as well as their size relative to corresponding loads co-located with these PV 
units. DPV scenarios, as seen by Michigan utilities, can be reflected by many PV 
deployment samples or paths and can aid the utilities’ integration planning studies. 

In the DPV scenario generation, the concept of PV unit(s) placement is considered to 
capture the importance of spatial distribution, a major driver of system impact of PV 
integration. This entails a load-relative bound on consumers’ PV capacity in terms of 
the ratio between PV and load sizes. This methodology also explicitly ensures 
consistency among PV scenarios belonging to the same deployment sample. Finally, 
the sensitivity of the grid impact from the PV to load size ratio and PV unit placement 
can be internally reported for the utilities’ record (if not published for public). 

The PV deployment scenario generation method aims to provide (i) a sequence of PV 
scenarios that are consistent in the order of penetration levels and (ii) diversified PV 
deployment pathways to grid integration targets. This method can design each 
deployment pathway or sample as a succession of PV unit batch deployment in which 
higher penetration scenarios must have all PV plants deployed in lower penetration 
scenarios. 

A key factor that affects how much impact a PV deployment would have on the 
distribution grid is the location of the PV units. Previously published work by NREL 
had found that voltage and thermal impacts of PV scenarios depend on the 

 
47 Sedzro, Kwami Senam A., Emmanuel, Michael, and Abraham, Sherin Ann. Generating Sequential PV Deployment 
Scenarios for High Renewable Distribution Grid Planning,” Presented at the 2022 IEEE International Conference on 
Power System Technology (POWERCON 2022), 12-14 September 2022, Pullman, Kuala Lumpur, Malaysia. Online: 
https://www.nrel.gov/docs/fy22osti/81434.pdf 
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placement of the PV units, whether they are clustered close to the substation or at the 
tail end of the feeder.48 To account for the importance of location, three placement 
categories can be considered: namely, close to substation, far from substation, and 
random. In the close and far placement categories, equal-length search segments are 
defined to find out possible locations for PV deployment. To generate the DPV 
scenarios, the PV candidate locations are randomly and sequentially drawn from one 
search segment at a time. The PV candidate search ends when the target PV 
penetration is reached. In the random placement category, however, only one search 
segment is formed, which covers all candidate buses. From this unique search 
segment, candidates are drawn, and a PV capacity is assigned to each candidate bus. 
These scenarios ensure grid impacts are assessed in a holistic manner and 
interdependent PV placements (such as neighbors being fed by the same service 
transformer) are studied for the hosting capacity. This spatial distribution 
methodology can be equally applied for DERs such as EV loads with considerations 
for residential, commercial, and public charging stations. 

Flow-chart of Proposed Framework 
A bi-directional hosting capacity can merge the PV and EV hosting capacity 
methodologies and assist DER developers in general. The following flow-chart 
describes a simple schematic to compute hosting capacity levels for PVs and EVs in a 
co-dependent manner. Often hosting capacity considers only a certain time point 
throughout the year reflecting peak load or peak generation capacity. This bi-
directional methodology considers the time-varying nature of PV generation and 
typical EV charging behaviors to determine dynamic hosting capacity which provides 
a range of acceptable adoption levels for PV and EVs. 

 

 

 

 

 

 

 

 

 
48 A. K. Jain, K. Horowitz, F. Ding, K. S. Sedzro, B. Palmintier, B. Mather, and Himanshu Jain. "Dynamic hosting capacity 
analysis for distributed photovoltaic resources—Framework and case study." Applied Energy 280 (2020): 115633. 
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Figure 12:  Flow Chart of Proposed Bi-directional HCA Framework 

 

A bi-directional hosting capacity approach can help Michigan utilities provide useful 
information to DER developers in general. This proposed approach considers PV 
scenarios first, as PV as a technology is ahead of EV adoption. A bi-directional 
approach to hosting capacity can also platform an advanced tool that provides an 
assessment of co-located energy storage sizing. Energy storage was a part of the 
discussion among MI utilities and other stakeholders and there is a need to 
understand how energy storage can impact hosting capacity levels. Ideally, hosting 
capacity for solar PV-plus-storage is higher than PV only installations. Similar effect 
can be seen in EV hosting capacity levels. With a bi-directional hosting capacity 
analysis, co-located energy storage (with either PV or EV) can demonstrate possibly 



48 
 

wider accommodations for either technology, helping developers in making an 
informed decision, at least from a grid-consideration perspective. 

Integrating Bi-Directional HCA Capability into Michigan Utilities 
Hosting Capacity Maps 
Utilities serving in the state have different levels of hosting capacity maps accessible 
to the public. These maps consider PV (generation) technology and can include more 
information on EV loading capacity. Regardless of underlying approach, data on PV 
and EV load hosting capacity need to be available for developers to make informed 
decisions about new projects. Methodologies such as the one described in previous 
section could pave a way to update Michigan utilities’ hosting capacity maps with a 
360o look covering both generation and load axes. 

DTE Electric’s hosting capacity maps as seen in Figure 4, provides hosting capacity in 
terms of remaining capacity to add DERs in a given circuit. A bi-directional hosting 
capacity can help break it down further in terms of generation and load capacity. This 
hosting capacity map shows that DTE Electric is running power flow simulations with 
their grid data in the background to compute the ‘hosting capacity (kW)’ value. Bi-
directional hosting capacity may require adding more scenarios to simulate along 
with the power flow calculations to upgrade this map with load hosting capacity for 
EV charging events. These power flow calculations should consider including ‘DER in-
progress’ as installed capacity to capture a near-future scenario in the hosting 
capacity map (if not already). 

Consumers Energy’s hosting capacity map (Figure 3) could also provide a breakdown 
in a similar fashion with remaining generation, loading hosting capacity and DERs in 
progress. For both DTE Electric’s and Consumers Energy’s maps, the proposed 
approach in the previous section could provide a spatial distribution of DERs as well 
as nodal capacity at circuit segments. This way utilities and developers could realize 
the impact of DERs with a view of projected PV and EV scenarios across the whole 
feeder/substation rather than the circuit segment in question. 

The bi-directional hosting capacity maps can be aided further with advanced 
visualization and data handling techniques. Specifically, the following elements could 
improve the usability of these hosting capacity maps: 

• Include color grading for developers to identify circuits with higher capacity. 
This can be in two parts – one for generation, the other for load. 

• Include DERs in-progress with markers of appropriate sizes. These markers 
would be helpful in showcasing which areas are getting more interconnection 
requests. 

• Address voltage levels in the circuit topology landing page. Voltage levels 
provide an additional parameter for developers to gauge the circuit’s capacity 
(lower voltage levels such as 4.8 kV circuits usually have more grid-constrained 
scenarios for future looking DER interconnections, compared to higher voltage 
levels such as 13.2 kV). 
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• Use downloading features for highlighted data/circuit segments. 

Data Privacy and Security Concerns 
The MI Power Grid Customer Education and Participation Workgroup incorporated 
the data access and privacy topic to understand how to best facilitate access to 
customer data while also maintaining customer privacy. Aggregated and 
anonymized datasets are ways to keep customer identification anonymous. Utilities 
have the ability to share datasets based on aggregate load and usage from circuit 
data; however, anonymized datasets are beneficial so sharing can be completed 
without customer consent due to the difficulty of re-identifying a customer.  

Although there are concerns that the hosting capacity maps may be too granular and 
reveal individual customer load, there are protections in place in order to maintain 
customers’ privacy.  Consumers Energy has a dedicated team to define and enforce 
policies, standards, laws, and regulations related to data retention and security. All 
data is encrypted and continuously monitored for anomalous activity. DTE Electric 
maintains customer data and the cybersecurity team protects digital infrastructure 
and sensitive information in order to minimize the impact of any incident or breach. 

Increased Use and Deployment of Distribution System Technologies 
and Controls 
DERs such as solar PV utilize an inverter to convert the generated power from direct 
current to alternating current. Grid-tied inverters, which serve local loads and export 
any excess power to the distribution system, match the local grid voltage and 
frequency. In 2014, the IEEE 1547a standard was issued which provided requirements 
for voltage ride-through and frequency ride-through. 49  Inverter voltage and 
frequency ride-through capabilities keep the DER online and operating within utility-
specified limits during voltage or frequency deviations on the larger distribution 
system rather than tripping the DER offline. If enough DER capacity trips offline, the 
grid can become stressed. Inverters with ride-through capabilities are referred to as 
smart or advanced inverters.  

Energy Storage  
There are two main categories storage: short-duration and long-duration. Short-
duration storage is typically defined as a technology that has a discharge duration of 
under eight hours and includes technologies, like flywheels and most lithium-ion 
batteries. Long duration storage is typically defined as having discharge duration over 
eight hours, and include technologies like pumped hydro, many flow batteries, and 
compressed air energy storage. Short duration storage can be used for grid reliability 
such as voltage support, frequency regulation, and shorter periods of arbitrage, while 
longer duration storage can be used for load shifting, intermittent generation 
integration, and longer durations of arbitrage.  

 
49 Horowitz, Kelsey, Zac Peterson, Michael Coddington, Fei Ding, Ben Sigrin, Danish Saleem, Sara E. Baldwin, et al. 
2019. An Overview of Distributed Energy Resource (DER) Interconnection: Current Practices and Emerging Solutions. 
Golden, CO: National Renewable Energy Laboratory. NREL/TP-6A20-72102. 
https://www.nrel.gov/docs/fy19osti/72102.pdf  

https://www.nrel.gov/docs/fy19osti/72102.pdf
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• Pumped Hydroelectric: Electricity is used to pump water up to a reservoir at a 
higher elevation. When water is released from the upper reservoir, it flows down 
to the lower reservoir through a turbine to generate electricity.  

• Compressed Air: Electricity is used to compress air at up to high pressure for 
storage in a pressure vessel, which is often an underground cavern. When 
electricity demand is high, the pressurized air is released to expand through a 
turbine to generate electricity. 

• Flywheels: Electricity is used to accelerate a large, low-friction spinning mass (a 
flywheel) through which the energy is conserved as kinetic rotational energy. 
When the energy is needed, the spinning force of the flywheel is used to turn a 
generator.  

• Batteries: Like common consumer electronic rechargeable batteries, grid-scale 
batteries can store electricity in chemical form via a process of oxidation and 
reduction moving electrons from one electrode to another through an 
electrolyte, producing or consuming a current as needed. These systems can 
use lithium ion, lead acid, lithium iron phosphate or other battery technologies.  

• Thermal Energy Storage: Electricity can be used to produce or remove thermal 
energy, or heat, which can be stored until it is needed. For example, electricity 
can be used to produce chilled water or ice during times of low demand and 
later used for cooling during periods of peak electricity consumption. 

Interest in energy storage use on the grid has risen because of its ability to support 
different generation types, and for its use cases for grid stability. Given the clean 
energy goals of the state and utilities, energy storage will be required due to the 
increasing penetration of renewable generation needed to meet those goals. 
Additionally, energy storage can be used to defer distribution system investment or 
to support different distribution and transmission system needs. Energy storage can 
be paired with renewable energy resources or can be installed as a standalone 
resource. Given the flexibility that energy storage provides, Michigan utilities have 
begun utilizing modeling in integrated resources plans to aid in the evaluation of 
energy storage for large-scale installations.  

On August 11, 2021, the Commission issued an order in Case No. U-21032 encouraging 
Michigan investor- owned electric utilities to propose pilot programs in upcoming rate 
cases that meet the criteria outlined in the order and the proposed definition and 
objective criteria for utility pilots. Michigan utilities are using the criteria from the order 
in Case No. U-21032 to begin testing and piloting several use cases for energy storage 
which include both NWAs and grid reliability. Additionally, Michigan utilities have 
proposed several other programs including DR and outage management programs.  

MI Power Grid: New Technologies and Business Models 
As part of the MI Power Grid Initiative, the New Technologies and Business Models 
Workgroup explored expanding new opportunities and options related to 
technologies and business models to control costs. Technologies that were explored 
include EVs, batteries, heat pumps, behind-the-meter and community solar, storage, 
combined heat and power, and microgrids at distribution and utility scale. Alternative 

https://www.michigan.gov/mpsc/commission/workgroups/mi-power-grid/new-technologies-and-business-models
https://www.michigan.gov/mpsc/commission/workgroups/mi-power-grid/new-technologies-and-business-models
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business and ownership models were evaluated based on integrating new 
technologies. MPSC Staff released a report with recommendations regarding new 
technologies and business models. Barriers were identified which may limit the 
adoption of DERs and EVs. Barriers to increased adoption include several that are not 
related to grid integration and are therefore not covered in detail in this report. 
Further consideration of those barriers may be warranted. These include, but are not 
limited to: 

• Current inability to use one meter for multiple technologies on customer 
premises such as a solar panel and an EV each requiring separate metering; 

• Limited multi-family dwelling access to onsite generation due to a lack of utility 
submetering policies or regulations; 

• Market competitiveness issues with utility ownership of behind the meter solar 
or storage; 

• Lack of clarity and issues presented by utility ownership of DERs; and 
• Premise definition in MPSC Technical Standards for Electric Service and impact 

on microgrids limiting the ability of a microgrid to serve multiple customers or 
customers accessing generation not on their own premises unless supplied by 
a utility. 

While many of the aforementioned barriers are outside of the scope of the Grid 
Integration Study, the New Technologies and Business Models report provides a 
useful resource outlining additional barriers that could be addressed to further 
facilitate the expansion of DERs and EVs in Michigan through ongoing stakeholder 
engagement and technical expertise. Further work is needed to develop actionable 
solutions to these barriers. The Commission is currently in the process of collecting 
and evaluating stakeholder comments related to some of these barriers. Legislative 
action may be helpful to address certain barriers as discussed in the report; however, 
going forward, the Commission will continue to evaluate and work through issues 
within its jurisdiction. 

 

Recommendations and Conclusions 
Recommendation 1 – Data Availability and Improving Map 
Capabilities 
While meetings with utilities and other stakeholders have created a greater 
understanding of the needs of developers and the current capabilities of the utilities 
to support hosting capacity maps and data beneficial to the efficient integration of 
DG and the continued development of EV chargers in Michigan, additional 
improvements are still necessary to improve the quality of the utility hosting capacity 
maps. As such, the Commission will endeavor to continue to negotiate mutually 
beneficial improvements with utilities and other stakeholders. Specific improvements 
to consider include: 

https://mi-psc.force.com/sfc/servlet.shepherd/version/download/0688y000001jEwjAAE
https://mi-psc.force.com/sfc/servlet.shepherd/version/download/0688y000001jEwjAAE
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• Substation level statistics such as the average minimum load, the 
average loading as a percentage of rated capability, and the minimum 
and maximum load for each day or time period specified; 

• The ability for the data to be exported or downloaded; and 
• Data displayed on GIS interactive maps. 

To ameliorate concerns regarding data privacy and security, a data-sharing 
methodology should be further explored for use by Michigan utilities. Hosting 
capacity maps made publicly available by utilities such as SCE, Dominion Energy, and 
others as shared in this report include additional detailed data promoting the efficient 
integrations of DG beyond what has been shared by Michigan utilities to date. 
Additional progress to efficiently integrate DG will be facilitated by developing and 
adhering to a data-sharing methodology, and further exploration is recommended to 
address data and privacy concerns for Michigan utilities and customers while allowing 
for beneficial sharing of information that enables further market and solutions 
development. 

Recommendation 2 – Revising Capacity Map Visualizations and 
Vocabulary  
It is necessary to revise the vocabulary and appearance of go/no-go decision pointers 
for publicly accessible hosting capacity maps to send proper signals to customers and 
developers. Providing additional hosting capacity information would lead to 
interconnection applications being less speculative. Areas with limited hosting 
capacity should be marked as “constrained” on circuit maps and different constraint 
levels should have clear identifiers such as gradient coloration of the maps should 
show the different constraint level (e.g., green, yellow, orange, and red for high, 
moderate, low, and no available hosting/load capacity, respectively). This would 
further enhance the visualization and utilization of the hosting capacity maps and 
provide necessary information to stakeholders while not stifling the further adoption 
and integration of DERs and EV infrastructure. From a planning perspective, this 
would also aid developers exploring investments in advanced control technologies 
such as managed charging or co-located solar PV and storage to make sure a new 
EVSE or PV installation operates within local grid constraints. Improving existing 
hosting capacity maps or publishing new ones should have a feedback process in 
place with stakeholder input to provide guidance on appropriate levels of data 
granularity and attribute types shown on the hosting capacity maps. 

Recommendation 3 – Minimum Level of Electric Service  
To further enhance the adoption of residential DERs and EVs, exploration of a 
minimum level of electric service made available to all residential customers which 
would assure that the distribution system could accommodate DERs and EVs should 
be explored. The adoption of DERs and EVs may require customer service panel 
upgrades for older residential homes based on customer need. It is recommended 
that the need for service panel upgrades be considered to incorporate increased 
adoption of DERs and EVs.  
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Residential service panel upgrades could be costly and may require commensurate 
upgrades on the utility side of the meter. In order to ensure equitable access to DERs 
and EVs, it is necessary to leverage federal programs and other funding sources to 
assist in service panel upgrades and distribution system upgrades. As provided 
previously in the report, the following opportunities should be further explored:  

- 26 USC 25C: Energy efficient home improvement credit50  
- High Efficiency Electric Home Rebate Act (HEERA)51  
- Smart Grid Investment Matching Grant Programs through the Grid Resilience 

and Innovation Partnership52  

Recommendation 4 – Automate Hosting Capacity Analysis 
Toolkit 
To create an accurate and timely representation of grid capacity it is necessary to 
update HCA maps more frequently than once a year. Michigan utilities should 
consider streamlining or automating the updates to the hosting capacity analysis in 
a similar manner as being explored by I&M and the interconnection process as 
presented to the Distribution Data Access Work Group by NREL’s demonstration of 
PRECISE tool. Utilities should investigate the costs and best practices for automatic 
hosting capacity maps and to what extent such automations would assist with 
minimizing the utilities’ costs to complete interconnection studies and how such 
automations could improve the frequency of updates to hosting capacity maps. 
Piloting the automation of these tools would allow Michigan utilities to explore the 
expanded use of the tools to support distribution planning while also facilitating the 
expansion of DERs and EVs. 

Recommendation 5 – Hosting Capacity Tools for Load and 
Distributed Generation  
To enhance existing or pending publicly available hosting capacity maps, utilities in 
future iterations should ensure customers and third parties have maps that allow 
visualization of remaining capacity considering both load and distribution generation. 
The expansion provides increased accessibility and useability for a range of 
stakeholders to assist in identifying areas to accommodate DERs and emerging 
technologies as EVs and energy storage. 

Recommendation 6 – Develop Successor DG and DCFC Tariffs  
When DG programs become fully subscribed, successor tariffs are desirable to 
address the influx of customers wanting to participate. The Commission recognizes 
that rate design for DG and DCFC EV charging could influence further integration of 
DERs and high-speed EV charging stations and that rate design can be a powerful 
tool to assist the efficient integration of DERs and EVs. As such, the Commission 
recently directed DTE Electric to file the options available to customers with DG 

 
50 26 USC 25C: Energy efficient home improvement credit (house.gov) 
51 Home Energy Rebate Programs | Department of Energy 
52 Smart Grid Investment Grant Program: Overview: Recovery Act | SmartGrid.gov 

https://uscode.house.gov/view.xhtml?req=(title:26%20section:25C%20edition:prelim)
https://www.energy.gov/scep/home-energy-rebate-programs
https://www.smartgrid.gov/recovery_act/overview/smart_grid_investment_grant_program.html
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systems, including options under Public Utility Regulatory Policies Act (PURPA) and 
the existing self-supply tariff, should DTE Electric decide to cap participation in its 
current DG program consistent with MCL 360.1173(3). The Commission similarly 
directed I&M to file the options available to customers wishing to interconnect DG 
systems should I&M decide to continue to cap participation in its DG program as 
allowed by statute. In addition, a number of utilities already offer EV pilot programs 
with associated charging tariffs. The Commission intends to work with utilities and 
other stakeholders in developing additional tariff options for DERs and DCFC 
charging. These additional tariff options should comply with statutory requirements, 
reflect cost of service principles, and promote efficient utilization of the existing 
electric grid.  

As technologies and customer loads shift over time, the electricity grid will 
continuously evolve to meet the demands placed upon it. To reduce the customer 
costs of the evolving grid, enabling informed decision making using transparent data 
is paramount. The Commission stands ready to implement any further directives from 
the Legislature regarding the integration of DERs and EVs into the electric grid.  

 

 

 

 

 

 

 



https://youtu.be/DofnehaFMIs
https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/workgroups/DSDA/DSDA-081622-slide-deck.pdf?rev=56f3a3e0f5134fcba0bc911b20d9fcfe&hash=230321BA8143F990DDF60D95015336ED
https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/workgroups/DSDA/2022-08-16-MI-Power-Grid-Distribution-System-Data-Access-Stakeholder-WG-Notes.pdf?rev=d3482aba8fcd4eaa81d09c4695b50ae2&hash=F95D6757FDE92A909831CE4EBC2130FD
https://youtu.be/TXEcRBNyCM4
https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/workgroups/DSDA/DSDA-082222-slide-deck.pdf?rev=c549b5992cc84caea341daff97f7def5&hash=253B29EAB127D67916AC5B605A1828D6
https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/workgroups/DSDA/2022-08-22-MPSC-MI-Power-Grid-Distribution-Grid-Data-Access-EV-Meeting-Notes.pdf?rev=c1bde98e49004d7eac5088262a8a4fe6&hash=B386259D9D5D6AD917C4633FE534D318


https://www.michigan.gov/mpsc/-/media/Project/Websites/mpsc/workgroups/DSDA/DSDA-meeting-with-utilities-and-stakeholders-111822.pdf?rev=cb616ad4a5a743d28d10dace203d83ec&hash=84F284BEF8DAADE2D78EF382C39C5582
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PEV Plug-in Electric Vehicles  

PG&E Pacific Gas and Electric Company 

PURPA Public Utility Regulatory Policies Act 

PV Photovoltaics  

Q&A Question and Answer 

SAIDI System Average Interruption Duration Index  

SAIFI System Average Frequency Duration Index 

SCE Southern California Edison  

SGIP  Small Generator Interconnection Procedures 

SR 143 Senate Resolution 143 

T&D Transmission and Distribution  

TOU Time of Use 

UL Underwriters Laboratory 

UMERC Upper Michigan Energy Resources Company  

UPPCO Upper Peninsula Power Company 

V2G Vehicle to Grid  
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