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Q2.1 - Of the following general stakeholder groups, which do you most identify with? (If you do not 
think you fit into one of these groups, please use the other option to tell us what group you best 
represent).

Technical Consultant Environmental Groups Government Investor-owned Utility Large Energy End Users Municipal Utility
Electric Membership Cooperative Energy Trade Groups Policy Consultant Storage or Related Equipment Manufacturer Supply Chain Project Developer
Financial Group Other

14%
Government

14%
Energy Trade Groups

29%
Project Developer
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 Scenario Development
 
 
 We are assessing the benefit-cost of storage under a set of future scenarios, including but not limited to: IRP case, Expanded RPS, High distributed solar PV 
penetration, Carbon price, High and low natural gas prices. These scenarios will be employed consistently across the study domain.

Q4.1_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

25% 50% 14% 11%

What additional information or methodological approach could the study team use to enhance the outcome?

ITC allows/applies for a pure storage solution If NC becomes a deregulated state

In the cases of an expansion of RPS or the introduction of a Carbon Price, the details of the policy change are very important and if not carefully designed, could bias
the results of the study. Furthermore, in the event Carbon dioxide is taxed or somehow controlled, it will have a substantial impact on the retail and wholesale cost of
power, which will drive down the demand for power and increase the demand for energy efficiency. The exact relationship between price and demand is unclear and
the relationship between price and demand could also bias the results. It may be better preferable to exclude those scenarios to ensure we have meaningful results.

sub-groups for behind the meter and front of meter installations (i.e. customer or third party owned versus utility deployed). Could be expressed as sub-scenarios (%
customer owned vs % utility )

The scenarios appear logical and self-evident, though I have questions about the IRP case and high distributed PV case. In all cases, it will be crucial to ensure that
outcomes of all scenarios are translated into tariff designs so that the effectiveness of behind the meter storage technologies can be evaluated in an objective
manner.
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N/A

N/A

Our concern is the necessity to reduce fossil fuel emissions very quickly due to the accelerating pace and devastating potential consequences of climate change.
Storage is a big part of that solution. Carbon price and expanded RPS are a couple ways to quantify that, but circumstances are likely to arise that do not have an
easily quantifiable cost or benefit, yet still make storage-promoting policies highly desirable. In general, it would be good if you could specify which externalized costs
of carbon emissions are included in the carbon price scenario and which are not, and then describe the extent to which you were able or unable to account for each.

Other scenarios: * cost projections for storage--BAU + lower-than-BAU cost declines * high EV (or other DER) penetration

These scenarios will provide insights, but the future state is likely to be some combination of these scenarios. Rather than considering the scenarios independently,
the cases should be a carefully selected simultaneous combination of these various scenarios.

Infrastructure upgrade deferral, Locational Benefits

The research needs to be conducted from the end users perspective / benefit and not increasing the utility's rate base

N/A

N/A

Scenarios might also include different technical learning rates for solar PV and energy storage technologies, modeling different cost curves.

N/A

cost /benefit analysis of technical development of storage capacity to reduce costs

We can't answer without knowing more. What is the IRP case? Hard to answer without knowing. What does the "carbon price" scenario mean? Is there a low carbon,
no carbon and high carbon price scenario? Is there a business as usual scenario?

Energy Markets should be looked at and how storage can participate. Storage coupled with other resources, e.g. gas peaker, fuel cells, etc.

Any future benefit-cost analysis of storage must consider ownership models to be actionable. For example, in a future of high distributed solar PV, who develops and
controls storage assets? If you think about any IRP analysis, the cost of storage being deployed only by developers would be very different than a combination of
developers and utilities which would be very different than being 100% utility developed and owned.
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I would actually prefer to identify myself and ask that the following solutions stay connected to my June HB 589 ESS questionnaire form here. The HB 589 ESS
process seems unprepared to cover hydrogen systems like fuel cells and electrolyzers (FCH2), and thus where hydrogen storage fits. As the HB 589 ESS was being
conceived, most of the industrialized world was refining their definitions of energy storage to include FCH2. North Carolina has no platform for covering H2 issues,
besides the very limited Hydrail initiative. Cont.
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 Storage Costs
 
 We are developing a spreadsheet model, with one worksheet for each storage technology. We plan to make the resultant cost analysis available at the end of the study. 

Q4.3_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

36%
Strongly agree

36%
Somewhat agree

21%
Neither agree nor disagree

What additional information or methodological approach could the study team use to enhance the outcome?

This has to be a living tool as the battery technologies and costs are changing so fast

Technological support for economic feasibility should be the focus of this area of the study regardless of policy.

Maybe use an Access model to allow greater relational database capability?

Would want to make sure that cost of batteries includes degradation and replacement as well as useful life in terms of cycles and years. (i.e. batteries don’t fade as
much if you avoid using them, but then what is the point of having them?)

N/A
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N/A

N/A

Besides cost, how are different technologies being modeled differently? It will be critical to note those assumptions. Important to note that all such approaches need
to take into account capital-intensivity. Certain technologies (e.g., pump hydro, CAES) may have a positive cost-benefit only at large size (100s of MW); this gives
policymakers the impression that such technologies are more cost-effective without taking into account the much higher bar for financing and project risk.
Recommend that some discount factor or other metric be used to differentiate very capital intensive projects from less capital intensive ones.

Cost alone is not sufficient to make a policy decision.

There is a broad range of technologies being used in the market - both energy and/or capacity solutions. Life cycle cost including warranties, O&M and capacity
guarantees are what ES pricing analysis comes down to.

N/A

N/A

N/A

A single tab of the assumptions that are used in all energy storage technology analysis would be useful. Clearly identifying the capital, variable, and O&M costs that
are used, as well as the types of benefits considered, is important. Also, need to consider this cost benefit analysis spreadsheet model under the various energy
portfolios that may exist in the future (i.e., low NG prices might make energy storage less attractive).

N/A

N/A

What is a spreadsheet model? It will be helpful to have whatever you develop made public but this question doesn't provide enough information to make an informed
selection from the options above

N/A

Again, any cost analysis has to consider who owns the asset. Developers will build and operate stand alone storage and co-located solar + storage differently than
the utilities will. Not to mention the build costs are going to be different as well.
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 Time-of-Use/Energy Management:
 
 The team is investigating the use of storage owned by commercial and industrial facilities to manage their energy demand with an objective of reducing peak monthly 
demand. This will involve an analysis of utility bill savings under time-of-use and coincident peak rates and determine the cost/benefit of this strategy.

Q5.1_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

46%
Strongly agree

39%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

When it comes to hydrogen systems, it will be very difficult for NCSU to properly describe the economics of FCH2 in storage and related contexts. It will be best to
simply enter question marks versus mistakenly discounting the value of FCH2. This relates to the fact that there is nothing besides the Hydrogen Systems Working
Group and the very limited Hydrail initiative to support the FCH2 outcomes of the HB 589 ESS. By all means share the value of FCH2 in the final ESS report!
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This makes sense form a an energy efficiency sense and from a policy perspective because as customers begin to optimize the load side of the meter, fixed
infrastructure costs will be shifted to other customers. This area of study needs to consider whether the reduction in fixed infrastructure costs on the load side of the
meter for that customer is consistent with that customer’s dependence on infrastructure. For example if a customer is able to reduce their allocated share of fixed
costs to zero, does that then say that the utility should be able to consider them as non-firm load and disconnect them in times of need? Also, this analysis will be
dependent upon the exact rate structure selected and it is not clear that existing rate structures reflect the cost to serve a customer with storage as they have been
designed for customers who have not used storage.

N/A

Only if bill savings are based on outcomes of scenarios listed in Q1. The full value of grid benefits BTM resources delivered should be properly accounted for:
reduced generation and distribution peaks, energy savings, reduced emissions, etc…

N/A

N/A

You should also consider the benefit to customers from the avoided cost of building new fossil fuel generation.

Does C&I customer value include grid services? To extent that such units can participate in existing programs (DR?) or provide an NWA, how does this method
capture such value? Also, C&I customers may have values not associated with rates that need to be captured--e.g., improved power quality to reduce machinery
O&M, value of backup based on VOLL and SAIDI/SAIFI metrics, etc.

Analysis should consider customer ownership as well as a "lease" structure. Many companies do not want to invest capital, and since storage is not generation then
it stands to reason that storage shouldn't fall under any prohibition of third-party sales or limitation on third-party leasing.

Based on typical NC rate structures, it is difficult to development high confidence levels with peak demand savings. The availability of utility provided interval data
has been limited in the past. Access to 1-year data at 15-min intervals would be helpful since most rate schedules are based on 15-min peaks.

Energy storage on the customer's side of the meter without utility interference will improve the end users profitability thus retaining end users in North Carolina It will
also reduce the utility's need for expensive system improvements to meet peak demands due to end user growth

N/A

N/A

These scenarios must be viewed from the utility's perspective as well. For example, if a large industrial company uses energy storage to dramatically reduce its peak
demand, the resultant under-recovery may be passed on to other customers. How does the action of one group of customers affect rates for all others?
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N/A

N/A

This could be helpful for that set of customers but is only one of many ways storage can be useful. The analysis will have to be done carefully to ensure different
types of C & I customers with different load profiles are modeled.

Include PV in this scenario.

N/A

If the ESS team is reaching out to other nations where FCH2 is used in grid storage mode, then like with other economic values questions the ESS team will get
answers about Time-of-Use/Energy Management and energy management. Some of the FCH2 research I compiled for the ESS project seemed to cover Time-of-
Use/Energy Management.
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 Demand Charge Management:
 
 This component of the study will look at customer owned storage performance specifically under a utility demand or reduction incentive program. The objective here is 
to determine incentive levels that will yield mutual benefits comparable to those under existing utility programs in NC and other states. 

Q5.3_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

39%
Strongly agree

43%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

This makes sense form a an energy efficiency sense and from a policy perspective because as customers begin optimize the load side of the meter, fixed
infrastructure costs will be shifted to other customers. This area of study needs to consider whether the reduction in fixed infrastructure costs on the load side of the
meter for that customer is consistent with that customers dependence on infrastructure. For example if a customer is able to reduce their allocated share of fixed
costs to zero, does that then say that the utility should be able to consider them non-firm load and disconnect them in times of need?

N/A
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Seems like this will be based on surveys with customers. The pros and cons of all technologies should be presented objectively to customers when asked.
Technology degradation with usage, safety, etc…

N/A

N/A

N/A

N/A

N/A

The NC market is really behind on utility supported demand response or load management programs. The DRA program is great but there is no insight to when
events will occur. For favorable revenues and predictable peak demand savings, it would be important to understand when the utility DRA events are likely to occur
and what portion of the customer load is potentially coincident or not with these events. Economics must be favorable and somewhat predictable in an effort to
support ES for these purposes.

N/A

N/A

N/A

Need to be clear about what test is used to ensure "mutual benefits". Total Resource Cost Test? Utility Cost Test? Also, regulated utilities receive a Performance
Incentive based upon energy reduction and DSM programs. This incentive is recovered through a rider to consumer rates. Is this considered?

N/A

N/A

N/A

N/A

This should work but I expect utilities to charge fees for customer owned storage that will negate some of the savings.

Hydrogen scaled-up (see new DOE / National Labs H2@Scale program) value includes powering fuel cell electric vehicles as well as electric and natural gas grid
issues, and other applications. The Duke Energy model includes battery electric vehicles. Energy storage understanding is about both grid and transportation issues.

mailto:H2@Scale
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 Backup Power:
 
 This area of the study will study the potential use of energy storage technologies to replace or augment traditional backup power strategies such as diesel generators. It
is difficult to place a cost on energy resilience provided by onsite energy systems, including energy storage, and stakeholder input will be essential to determining how 
to value this service.

Q5.5_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

36%
Strongly agree

43%
Somewhat agree

18%
Neither agree nor disagree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

This makes sense, however to the extent that this results in drastic changes in cost allocations for fixed infrastructure then the impact of those reductions should be
considered and analyzed to show, whether or not that customer’s reliance on infrastructure is proportionate to their allocated share of the cost.

Some utilities are looking at "reliability" insurance or service offerings for customers. Might be a good mechanism to consider for valuation.

N/A
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N/A

N/A

N/A

Recommend a Value of Lost Load study to inform this; can crib from other VOLL reports, such as provided by LBL.

This would be an example of how the technology cost assessment could be beneficial. It is more straightforward to compare the cost of storage technologies to the
cost of traditional backup generation technologies.

Natural Gas & Diesel Generators are significant more cost effective than Storage. Storage should be focused around fast responding needs, frequency/voltage
events, or grid problems that are better aligned with a fast responding response. It is difficult to compare the cost of a 8-15 second responding engine to ES, if the
response time needed to support the grid is in line with a fuel based engine.

N/A

N/A

If storage can be leveraged to provide backup power and limit BUGs, a key policy action could be moving to limit diesel generator deployment.

N/A

N/A

Make sure sufficient outreach to Emergency Management leadership is conducted to get input.

N/A

N/A

I strongly agree with the statement but I don't agree or disagree that approach will lead to any actionable insight. I'm not convinced "resilience" is anything other than
a strawman so just agreeing on what resilience is would be a major victory....and more than FERC, DOE, MISO, PJM, et al. have been able to do in over a year.

This is where fuel cells and electrolyzers plus storage systems come in. Fuel cells scale in power density size and have back start, load-following, and 24/7/365 all-
weather gird resiliency features that solar-Li-Ion are unlikely to closely replicate.



14

 Distributed Energy Resource Management:
 
 The potential customer owned-storage in conjunction with distributed energy resources, including renewable energy generation, to be interactive with the utility will be 
investigated. Scenarios will include shifting of PV output to peak times, as well as smoothing of PV output.

Q5.7_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

50%
Strongly agree

39%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

This makes sense, however to the extent that this results in drastic changes in cost allocations for fixed infrastructure then the impact of those reductions should be
considered and analyzed to show, whether or not that customer’s reliance on infrastructure is proportionate to their allocated share of the cost.

Hoping this will also include intelligent load management

N/A

N/A
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N/A

resource: http://www.clean-coalition.org/our-work/drp/

N/A

The motivations of DEG and the utility are not always aligned. When talking about "interactive," we need to be careful that we are not simply saying that operations
are turned over to the utility. Dispatch decisions/management should be decided by the storage owner based on mutually beneficial "price signals" from the utility.

PV smoothing is a great concept, but difficult to put a value on. If there is no value for ramp rate control, it decreases the life cycle of the ES and would not be
favorable to the owner. If ramp rate control could defer some grid or interconnection upgrades, that could be a consideration worth exploring. ES should be focused on
managing peak demand for peaky customers that are coincident with utility peaks, or other grid issues that a fast responding resource can provide support for.

N/A

N/A

Explore other DERs as well and look at the importance of rate incentives for storage to be able to perform these roles (i.e. time varying rates)

Energy storage devices can be programmed with multiple algorithms. For example, it might be used to reduce a customer's energy bill (if controlled by the customer).
It might also be used to shave peak demand (if controlled by the utility). Also, the cost benefit analysis should consider whether the customer is on TOU or flat rates.

N/A

N/A

What does "to be investigated" mean? Are you working with utilities? We would recommend you do so. Hard to understand what this one means.

N/A

See CPRE Tranche 1 for an example of a set of rules that stifle storage development. Some of it is necessary, much of it is excessive and unnecessary. So, when
being "interactive with the utility" is being investigated there needs to be some work done on what limitations and controls are reasonable for the utilities to impose for
this to result in an actionable insight than can inform (good) policy.

One of the FCH2 main roles fit here. Whether solar PV, wind, or nuclear, when other grid assets are in curtailment mode, electrolyzers can be sent extra power for H2
storage.

http://www.clean-coalition.org/our-work/drp/
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 Power Quality Management:
 
 Customer use of energy storage to improve electric power quality and to provide power factor correction will be explored.

Q5.9_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

25%
Strongly agree

39%
Somewhat agree

21%
Neither agree nor disagree

11%
No Opinion

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

This makes sense, however to the extent that this results in drastic changes in cost allocations for fixed infrastructure then the impact of those reductions should be
considered and analyzed to show, whether or not that customer’s reliance on infrastructure is proportionate to their allocated share of the cost.

Will this also include potential T&D deferrals?

Not clear exactly what deliverable is here and how it will be used as part of benefit cost analysis for energy storage.

N/A
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N/A

N/A

N/A

There has to be some price signal or other incentive.

This can be explored, however it is difficult to put a predictable value on the benefit.

N/A

N/A

This would probably need to get to a $ value to customers or an avoided cost value to be fully actionable.

N/A

This is the responsibility of the utility companies.

N/A

This is definitely one where you need to work with utilities as well.

N/A

N/A

Also where FCH2 fits.
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 Voltage Support and Control
 
 We will investigate the use of storage for aiding in the voltage control of a distribution system with high-penetrations of renewables. This could involve smoothing the 
output of an intermittent PV source, absorbing PV output during light loading to reduce voltage, or the utilization of energy storage control to levelize circuit voltages.

Q6.1_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

43%
Strongly agree

36%
Somewhat agree

18%
Neither agree nor disagree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

N/A

N/A

Would want to know exactly what the deliverable here is and how it will be part of energy storage value stack.

N/A
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N/A

N/A

N/A

N/A

ES should not be used for ramping project level output control, but should be more focused on grid frequency events where it can drive benefit to the stability of the
grid. Consideration should be given to extent of how ES used for ramping, likely avoiding a ramping requirement for a farm but ES being used to minimize upgrades
or provide grid support during certain events where fast ramping could create grid reliability concerns.

N/A

N/A

Might consider looking at avoiding congestion curtailment as well.

A unit committment model or some other sub-hourly model or circuit diagram (i.e., openDSS) would be useful for this analysis.

N/A

N/A

Need to work with utilities

N/A

Smoothing intermittent PV is going to look very different for co-located utility scale solar + storage vs. standalone distribution sited storage vs. residential solar +
storage. This should be considered.

Fuel cells are very even and reliable. Whatever the hydrogen rich fuel (including biogas of course) of gas generator including high H2 capacity turbines, gas is very
voltage consistent with constant supply.
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 Microgrid/Islanding
 
 We will explore the use of storage for improving customer SAIDI and SAIFI. This could involve using storage to support alternate feeds during feeder reconfiguration or 
siting storage near customers to support islanded microgrid operation during grid outages. 

Q6.3_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

39%
Strongly agree

43%
Somewhat agree

18%
Neither agree nor disagree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

The value to a given customer of reliability is subjective relative to the cost of the equipment to improve reliability so it is not clear this analysis will provide
meaningful results.

N/A

N/A

N/A
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N/A

N/A

N/A

Reliability is a customer expectation. The assessment should give consideration to who bears the additional costs for these improvements - and versus what
reliability expectation the improvements should be measured.

A microgrid approach using just solar + ES should be carefully reviewed. Generally, PV+ES could carry a load through a temporary outage but is not best for an
extended outage. For reliable microgrid, it is very likely some level of fuel based generation should be used to accommodate for bad solar irradiance days, mitigate
low state of charge or provide backup support for charging/peak management or overlapping events.

N/A

N/A

This one should be done in conjunction with the backup power analysis or at least those cross overs should be identified. Value to customer is going to range greatly
depending on customer operations, but highlighting a few cases of value might be interesting (i.e. a hospital, a commercial enterprise, a government/academic
institution, an isolated community, etc.)

N/A

N/A

N/A

Need to work with utilities

N/A

N/A

Fuel cells have strong uninterruptible power supply characteristics while being very low / zero emission.
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 Circuit Upgrade or Capacity Deferral
 
 We will examine the economics of using distribution-sited storage for controlling peak demand at the distribution circuit level. This could be utilized for deferring 
substation upgrades, deferring distribution feeder upgrades, reducing generation peak demand, or helping to support subtransmission/transmission operation.

Q6.5_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

43%
Strongly agree

43%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

Unless this analysis is using sample representative distribution information, this analysis cannot use actual information as that information should remain
confidential. .

N/A

Technologies have varying capabilities for duration. Thermal storage can shift up to 8 hours. This should be factored in as an additional benefit to the grid.

N/A
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N/A

resources: NC Clean Path 2025, pp. 64-75 http://www.ncwarn.org/wp-content/uploads/NC-CLEAN-PATH-2025-FINAL-8-9-17.pdf and two studies cited there in
footnotes 175-6: PEPCO Holdings, Inc. et al., Model-Based Integrated High Penetration Renewables Planning and Control Analysis Final Report, DOE Award
Number: DE-EE0006328, December 10, 2015, https://www.osti.gov/scitech/servlets/purl/1229729. Navigant, Virginia Solar Pathways Project , Study 1: Distributed
Solar Generation Integration and Best Practices Review - Final Report, prepared for Dominion Virginia Power (DVP), April 30, 2016.

If studying only distribution-sited storage, make sure to include avoided line losses in the calculations

N/A

N/A

N/A

N/A

The methodology for avoided build costs should be transparent as much as possible.

Who controls the storage? What are the relevant price signals for the utility and developers?

N/A

N/A

Need to work with utilities

N/A

Capacity deferral doesn't seem to fit here. Also, the examination needs to be holistic, delaying needed upgrades just because storage is limiting demand growth on
an individual circuit might keep limiting equipment in service longer than it should be.

Asheville and WNC are the target for one of Duke Energy’s first grid modernization programs. We have zero understanding where varying size and configuration
FCH2 deployments could have arranged substation needs, let alone how the size of the new Lake Julian CCNG plant may have been reduced with FCH2 in microgrid
+ mini-substation and CHP modes installed both in Buncombe County and further out in other counties to redefine what the Duke Energy interpretation of ‘grid
modernization’ means.

http://www.ncwarn.org/wp-content/uploads/NC-CLEAN-PATH-2025-FINAL-8-9-17.pdf
https://www.osti.gov/scitech/servlets/purl/1229729
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 Transmission Investment Deferral
 
 We will examine how energy storage can be used to avoid transmission investment in NC power system. We will use current proposed transmission projects as 
indications of the NC power system transmission needs and compare to cost of energy storage alternatives.

Q7.1_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

32%
Strongly agree

50%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

This area is well beyond the scope and authority of this study and state jurisdiction and is not likely feasible. Most of the information needed to perform this area of
the study is both market sensitive information and information protected under the NERC Critical Infrastructure Protection (CIP) protocols and cannot typically be
shared for reasons of reliability and national security.

N/A
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Focus first on reducing demand at distribution level and then see if that also solves transmission congestion. Given interdependencies of grid, it’s very difficult to
isolate one part of the value chain vs. the other.

N/A

N/A

N/A

N/A

N/A

Reduced T&D O&M cost should also be on the table.

N/A

N/A

N/A

N/A

N/A

N/A

Need to work with utilities. This is complicated.

N/A

Again, the examination needs to be holistic. Maximum deferral of transmission investment doesn't necessarily equate to optimal deferral of transmission investment.

See previous response
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 Transmission Congestion Relief
 
 We will examine the value and ability of energy storage to provide transmission congestion relief through statistical analysis of hourly generation datasets. We will 
examine whether generators are dispatched in order lowest operating cost or highest efficiency and the difference in that dispatch order between periods of high and low 
demand. If there are significant changes in which generators are dispatch, the avoided operational cost to use higher efficiency resources will be used to estimate value 
of relieving congestion. This value can be compared to the cost energy storage to relieve congestion and allow lower cost generation to produce more energy. 

Q7.3_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

39%
Strongly agree

36%
Somewhat agree

18%
Neither agree nor disagree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

This area is well beyond the scope and authority of this study and state jurisdiction and is not likely feasible. Most of the information needed to perform this area of
the study is both market sensitive information and information protected under the NERC Critical Infrastructure Protection (CIP) protocols and cannot typically be
shared for reasons of reliability and national security.

N/A
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Significantly concerned about using hourly datasets. Does this mean hourly datasets elsewhere? This varies by the type of technology.

N/A

N/A

resource: http://www.clean-coalition.org/our-work/drp/

N/A

There is a lot more involved to this analysis than simple merit-order dispatch. Also have to consider ancillaries like spinning reserve, etc.

This is an ongoing moving target based on changes to loads and generation (existing & new) being tied into to locations where congestion exist. I think continuing to
explore grid issues that ES can provide support to is key.

N/A

N/A

N/A

N/A

N/A

N/A

You will need data and input from utilities to do this.

N/A

N/A

See previous grid modernization comment

http://www.clean-coalition.org/our-work/drp/
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 Black Start Capacity
 
 While black start capacity is an important grid service to which energy storage contributes, we will not model the value of energy storage applications to this service 
because the relatively small market size and limited types of storage technologies that can provide the product. The study will handle black start capacity qualitatively 
without comprehensive modeling.

Q7.5_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

21%
Strongly agree

21%
Somewhat agree

29%
Neither agree nor disagree

18%
No Opinion

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

Agree this is a thinly required service and is already fully supplied therefore there is not demand for the service.

N/A

N/A

N/A
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N/A

N/A

N/A

Is it a "small" market or no market at all?

Duke is asking for black start capability on their first set of "rate based ES projects" that are actively being worked on in Indiana. Camp Atterbury and Nabb are
slated to be rate based, both having a requirement for black start capability.

Not an issue for this end user as we already have a robust black start capability

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Fuel cells, and fuel cells that in part power electrolyzers, have black start and several other features Li-Ion does not. Fuel cells run over time where batteries deplete
in seconds.
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 Bulk Energy Time Shifting + Peak Capacity Deferral
 
 We will examine how the NC grid mix will change over time under a set of harmonized scenarios. We will then use the resultant grid mixes to simulate operational 
dispatch. The overall goal is to evaluate how storage can contribute to peak capacity deferral and bulk energy time shifting.

Q8.1_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

50%
Strongly agree

36%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

N/A

N/A

How granular would this be? Based on previous questions, seems like a high level, central generation station approach. Technologies like thermal energy storage
benefits may get overlooked. Please make sure all technologies are being treated fairly and objectively.

N/A
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N/A

N/A

N/A

There are a lot of dynamic moving pieces to this. Shifting the peak (reducing the peak) should have a greater impact during summer months, meaning that NC would
become exclusively winter-peaking. The resource mix scenarios will likely need to be iterated and optimized.

The NC market is so behind on using resources in the market, I think more consideration needs to be given to all resources, the response time of those resources
and what the hit-list of grid challenges exist that can provide some economic benefit to Duke or a 3rd party owner. ES jumping to the front of the line when a slow
responding resource can solve the grid problem is cost prohibitive if a slower responding resource is better suited to solve the grid issue.

N/A

N/A

N/A

N/A

N/A

N/A

You need agreement/evaluation of the scenarios you come up with for how the NC grid mix will change over time. That is something participants should get a chance
to review and agree with.

N/A

N/A

See previous Duke Energy WNC grid modernization comment
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 Solar Clipping
 
 There is an industry trend to undersize solar inverters because the cost of the inverter is proportional to its power rating, and a solar array rarely generates its full 
nameplate rating. However, with an undersized inverter, when the solar array is producing more than the inverter can convert, there is power lost through clipping. We 
analyze the potential for dc-tied energy storage to reduce clipping by modeling cost-optimal use of energy storage under a range of inverter loading ratios. This analysis 
will inform the value and market size of energy storage for this application.

Q8.3_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

50%
Strongly agree

29%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A
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This is not a practice of under-sizing the inverter, this is a practice of oversizing the DC output to the inverter rating which is based on the interconnection in order to
maximize revenue relative to the cost of investment of solar panels. Developers have consistently over paneled solar facilities above the inverter rating to 1)
maximize output in shoulder seasons, months and hours. Pushing the DC potential can allow a system to achieve maximum output without maximum sun and 2) to
compensate for cell degradation over time. Solar cells degrade at a rate of about ½% per year so by over paneling maximum output can be maintained for several
years beyond the expected life. This does not seem to be a necessary part of the storage study because developers can already do this analysis on their own and
there is no need for the storage study to do it

N/A

N/A

N/A

N/A

N/A

N/A

N/A

This is not a material benefit financially, more of a supporting benefit to right sizing of a solar PV system & ES...ultimately driven by the PPA. Given our PPA rate
structures, peak shifting and a higher loading ratio to capture clipped energy into the ES is not a material benefit.

N/A

N/A

N/A

It would be interesting to see if there are any value streams available to developers for dc-tied energy storage beyond simply capturing the "clipped" or "curtailed"
power. Ancillary services? Reducing utility ramp rates in the morning and evening? Contribution to winter peak?

N/A

N/A

N/A
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N/A

Ownership models needs to be considered here. Developers each have their own unique approach to inverter sizing which could also be different if a utility were to
buy or self-build a solar farm.

N/A
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 Reserves (Spinning/Non-Spinning)
 
 Our study will discuss qualitatively the potential value and ability of energy storage to provide reserves. Energy storage can provide spinning reserves and allow 
generators to produce more power without withholding capacity to cover contingencies. Our analysis will draw on existing estimates and ability of energy storage to 
provide reserve in other regions. 

Q8.5_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

39%
Strongly agree

25%
Somewhat agree

14%
No Opinion

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

Like black start this is a very thinly managed service and is already fully supplied by incumbent suppliers as part of existing resources and therefore there is no
demand for the service. Furthermore, it is not yet a well proven methodology for a service that is intended to preserve service to all customers. Failure in this service
could and likely would contribute to a widespread failure of the system.

N/A

N/A
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N/A

N/A

N/A

N/A

N/A

Spinning reserves is an interesting one. Given the duration of batteries, sizing limitations of ES if charged purely on solar PV systems to capture the ITC - it is a
challenge to think that extended duration batteries would be economic for spinning reserves. The market needs to clearly outline all benefits to the utility, associated
values for each and start putting together the matrix of values, benefit, duration and response time needed. I feel the industry is jumping to ES to solve all of the
problems, whereas a more balanced approach using various resources for base load support, semi-dispatchable renewables, peaking capacity, slow and fast
responding resources will all support edge of grid needs.

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Also where FCH2 fits
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 Synthetic Inertia
 
 Our study will discuss qualitatively the potential of energy storage to provide synthetic inertia to the NC electrical system. Our analysis will draw on studies of synthetic 
inertia in other regions which currently have lower inertia. We will examine the potential benefit of energy storage in potential future NC and eastern interconnect 
systems with lower inertia due to higher penetration of variable generation. We do not plan to perform in-depth modeling of synthetic inertiaâ€™s value. 

Q8.7_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

14%
Strongly agree

29%
Somewhat agree

32%
Neither agree nor disagree

18%
No Opinion

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

This is an interesting concept from an academic perspective. No other market that we are aware of has adopted this as a fungible service to date.

N/A

N/A

N/A
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N/A

N/A

N/A

N/A

The more traditional deregulated market strategy is focused on locational benefit of resources to be used to help manage frequency. I may not be clear on the exact
intent, however general feedback is I am not seeing or hearing other markets talk too much about inertia or spinning mass resources.

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

FCH2 deployment only benefits synthetic inertia.
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 Frequency Regulation
 
 We will benchmark the value for storage to provide regulation services. We will first examine the performance for energy storage devices to provide regulation services 
in the CAISO, NYISO, PJM and ISONE markets. We will then use Duke Energy data to compare the revenue streams in regulated systems with those in market-based 
systems. The overall goal is to evaluate whether storage can displace generators by providing faster and more accurate ancillary services, and at what costs and 
service quality the services be achieved.

Q8.9_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

32%
Strongly agree

39%
Somewhat agree

18%
Neither agree nor disagree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

Like black start & Reserves this is a very thinly managed service and is already fully supplied by incumbent suppliers as part of existing resources and therefore
there is no demand for the service. Furthermore, it is not yet a well proven methodology for a service that is intended to preserve service to all customers. Failure in
this service could and likely would contribute to a widespread failure of the system.

Important topic, but might be challenging to convert from competitive wholesale markets
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N/A

N/A

N/A

N/A

N/A

N/A

I get the concept, keeping in mind storage for significant slow responding needs will never win due to economics when compared to slower responding fuel based
generation. Our company is providing frequency up support with 25 MW of fuel based generation for APS in Arizona at a very low price, however ES providing
frequency up/down support when a 5-minute notice is needed will be challenging from an economic perspective. Again, pointing to the grid challenge and how quickly
the resource must respond before suggesting ES will solve all of these problems - the most economical way.

N/A

N/A

Documenting the barriers for the value streams in the Duke context will be an important finding

N/A

N/A

N/A

This is comparing apples to oranges. You can't use values in RTOs in the NC power market using Duke data. Duke isn't in an RTO so using RTO data doesn't make
sense.

N/A

Are there frequency regulation revenue streams in regulated systems? The answer to the goal of this section is of course storage could displace existing generators.
However, an entirely new market would need to be created or there would need to be a mandate for developers to play in this space. Otherwise, Duke can do this at
whatever cost they see fit.
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Ancillary services are where hydrogen storage for fuel cell electric vehicles (FCEVs) fit. FCEVs using AC inverters, especially large capacity fuel cell buses, serve
as continuity of operations V2G assets in crisis to a greater degree than batteries can. Stored H2 can be transported this way whereas once batteries are used up,
they are difficult to recharge if main prime movers are offline and/or transmission of renewables is out.

 Flexible Ramping
 
 We will discuss qualitatively the potential value of a flexible ramping service from energy storage. The analysis will discuss the applications of energy storage to supply 
this service in other regions such as CAISO and how energy storage would benefit the NC electrical systemâ€™s ramping requirements to meet net-load, especially in 
high solar and renewable energy penetration futures. We do not plan to perform in-depth modeling of flexible rampingâ€™s value.

Q8.11_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the technical approach will produce actionable insight that can inform policy? (please click the 
circle underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

25%
Strongly agree

32%
Somewhat agree

21%
Neither agree nor disagree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A
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N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Ramping is more of an interconnection requirement to mitigate future concerns in my opinion. Most markets are not compensating for ramping of resources, however
a ramping requirement could help support the impact study of the system or potential upgrades needed to be able to connect new capacity. Ramping is a bit of an
outlier when we really need revenue based benefits that ES can capture.

N/A

N/A

N/A

N/A

N/A

N/A

You need to be careful at looking at RTOs as examples of what can work in the Duke service territory in NC. They are not an RTO and what happens in RTOs is not
applicable. It is good you are only looking at this qualitatively as the values for this service in CAISO would be irrelevant in the NC Duke service territory.

N/A
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This seems like an odd topic to tackle qualitatively and could potentially be a very important component of NC's energy system as solar penetration increases. Gas
plants should be considered for their ability to provide flexible ramping as well. It would be prudent to examine ramping and the limitations and benefits/costs of both
storage (paying close attention to different durations) and gas.

FCHe fits here too.
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 Current Policies
 
 We will review current policies affecting or potentially affecting storage in NC. We will also review policies that have been implemented in other states to govern, 
regulate, or encourage the deployment of storage.

Q9.1_1 - Based on the information in the above statement, to what extent do you agree or disagree 
that the approach will produce actionable insight that can inform policy? (please click the circle 
underneath the option you choose)

Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree No Opinion

71%
Strongly agree

18%
Somewhat agree

What additional information or methodological approach could the study team use to enhance the outcome?

N/A

The scope of the storage study should focus on cost/benefit analysis rather than policy. what would be useful is to understand the economics of storage to provide
value rather on policies that can promote storage because policies that support storage may overwhelm the economics, which is already well known to all
participants.

Worth including FERC level information
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It will be important to articulate a vision for ownership and control of these resources. Should utility or customer own / control? What are price signals utility will send
customer to enable maximum utilization of resource.

N/A

N/A

Make sure to look at these policies: -- The prohibition on third-party PPAs in North Carolina has severely hampered growth of distributed solar and will likely do the
same for storage. -- The lack of evidentiary hearings on IRP dockets at the NCUC keeps arguments for storage from being aired. -- C-PACE enabling legislation, if
applicable to storage, could greatly facilitate commercial adoption (cf. SB493: https://www2.ncleg.net/BillLookup/2017/s493).

N/A

Policies should align with the desired objectives.

N/A

N/A

N/A

Barriers to value streams and incentive programs should also be explored

The current policy research could benefit by reviewing not just large scale policies (i.e., RPS), but also small scale ones. This would include the CPRE program rules
around energy storage; pricing structures for CPRE bids that encourage or disencourage storage; regulatory rules surrounding storage, etc.

N/A

N/A

Agree you should review policies in other states but you need to make sure you only look a) at policies that are relevant in non-RTO states and b) only at states with
the same policy model as NC -- fully regulated integrated utilities. States in RTOs and in states that are deregulated have different policy frameworks which do/don't
allow for certain options for the practical use of storage.

N/A

https://www2.ncleg.net/BillLookup/2017/s493


46

This a great thing to say but whether or not it results in actionable insights will be a function of the quality of the research and legislature's/PUC's willingness to listen.
CPRE Tranche 1 is a great example. On one hand it's a state mandated procurement that specifically includes solar + storage. On the other hand, there are multiple
pages of rules spelling out limitations for deploying DC-couple storage and, oh by the way, none of the rules were vetted as part of the public proceeding process. So,
on balance, is that good or bad policy for storage?

North Carolina needs a platform for the understanding and deployment of FCH2 in order for whatever the HB 589 ESS concludes as to further FCH2 deployments in
North Carolina besides fuel cell forklifts and the Apple fuel cell-biogas-solar plant in Maiden, NC. I am sending a related email. The NC Hydrogen Systems Roadmap
with the TBD supporting Hydrogen Systems Working Group has been offered as an antidote. One of the key steps for the NC Hydrogen Systems Roadmap is the NC
Fuel Cells and Hydrogen Infrastructure Act (NC FCH2 Act). The use of ‘TBD’ has to do with most environment and energy bodies with a North Carolina presence
either being uneducated on FCH2 issues, or unnecessarily biased against FCH2 with no evidence offered for excluding the citizen choice of our energy systems
being proportionally powered via FCH2 in combination with other technologies and strategies.


