
1 
 

Recorded Stakeholder Questions from the  
3rd Energy Storage Study Stakeholder Input Meeting 

October 2, 2018 – 12:30 pm 
Jane S. McKimmon Center on the Campus of NC State University 

1101 Gorman St, Raleigh, NC 27606 
 

During the October 2 Stakeholder Meeting, a number of audience questions were asked and collected 
using an online Google Doc.  While the individual presenters did answer many of these questions during 
the meeting, we have collected the questions in the document below and included SHORT answers from 
some of the presenters that had time to supply them in written form over the last couple of weeks.  
Note that these answers reflect the thinking of the individual presenter/authors at the time they were 
written and should not necessarily be considered exact answers or positions that will be seen in the final 
report as the team members have more time to collaborate, reflect and synthesize the final report.   

Questions (with some editing for clarity for editing) are in BLACK.  Answers from presenters, when 
available, are in RED. 

 

PRESENTATION 1: Overview of Study, Current Status, Scope of Today’s Discussion – Joe DeCarolis, 
Study Team Lead  
 

● Will you include micro-hydro storage or pump and store (pumped hydro)? 
 
We are explicitly considering pumped storage hydro.  While we will not explicitly consider time 
shifting using micro-hydro, our analysis of other technologies could provide insights on that 
topic.   
 

● On the cost breakdown, does the lithium ion cost include BMS, enclosures, etc. - a complete 
system? 
 
Yes, we have been careful to assess and compare costs that include the entire battery package 
ready for deployment on the grid. 
 

● Battery costs differ for different chemistries; has that been taken into account? 
 

No. Most of the reports we’re using provide cost and performance data for deployed lithium-ion 
batteries, but do not disaggregate cost information based on the type of lithium-ion chemistry. 
 

● Have the researchers observed a performance for specific battery technologies type based on 
sectors (residential vs utility scale, etc.)? 
 
We do not consider a performance difference (i.e., lifetime and efficiency) based on battery size 
alone, but the capital cost does vary by size. 
 

● Revenue requirement was shown as a key factor early on. Doesn't that imply that the study is 
set for a utility orientation - rather than a broader one? 
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We use the term revenue requirement broadly.  The revenue requirement is a metric that 
captures the cost associated with storage ownership and operation. While the term may imply a 
utility orientation, it can also be used by end users or independent storage owners to evaluate 
cost. In the report, we will make this point clearly. 
 

● How much data was provided by the electric utilities that informed the study? What efforts have 
been made to obtain and compile data and how is it made anonymous for sharing? 
 
We were judicious with our data requests, but of the ones we made, most were not able to be 
fulfilled by investor-owned utilities. In most cases, confidentiality concerns were cited, even 
with an NDA.  However, we were able to work with publicly available data from other regions 
with competitive markets or from publicly reported sources, and plan to make as much of our 
underlying analysis publicly available as possible.  In our judgement, key questions are 
effectively answered with public data, which has the added benefit of being transparent. 
 

● What is the envisioned output for the exploration of value stacking? It would be helpful to 
identify at least qualitatively and/or logically which value streams are likely to be 
complementary and which are likely to be mutually exclusive. Some past studies have 
developed matrices for displaying this in isolated cases.  
 
While our main efforts have been to analyze energy storage applications in isolation, we plan to 
examine which stacked applications are temporally compatible and estimate the net benefits for 
the most viable combinations of applications.   
 

● Why was one value in the 4-hour Revenue Requirement different than the rest? 
 
Good catch! There was one value for revenue requirement for the 4-hour Li-ion battery 
different for the rest. We double-checked the spreadsheet and found that the lifetime 
associated with peak capacity deferral had been specified incorrectly. 
 

● How the size of the service is determined? 
 
We plan to identify services based on their relative size: small: <100 MW; medium: 100-1000 
MW; large: > 1000 MW. 
 

● Has the decommissioning of the battery been considered in the cost study? 
 
There is much uncertainty in end of life costs, particularly 10 to 20 years away.  We will address 
this qualitatively and note that further study is needed as waste management practices mature. 
 

● Are you going to add end of life costs to the study? i.e. battery recycle / retrofit costs? 
 
There is much uncertainty in end of life costs, particularly 10 to 20 years away.  We will address 
this qualitatively and note that further study is needed as waste management practices mature. 
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● Is battery lifetime based on used-cases and include that for example 4 hours of storage may not 

have access to all 4 years for its full lifetime? 
 
We consider the battery duty cycle associated with each application, and adjust the assumed 
10-year lithium-ion battery lifetime accordingly. 
 

● Will you include cost of life span of different battery technologies? 
 
We consider the battery duty cycle associated with each application, and adjust the assumed 
10-year lithium-ion battery lifetime accordingly. 
 

● Why was the revenue requirement for the 4-hour used in peak avoidance different from the 
other 4 -hour revenue requirements? 
 
Good catch! There was one value for revenue requirement for the 4-hour Li-ion battery 
different for the rest. We double-checked the spreadsheet and found that the lifetime 
associated with peak capacity deferral had been specified incorrectly. 
 

● What about different lithium ion chemistry types? What is the current type being modeled? 
 
No. Most of the reports we’re using provide cost and performance data for deployed lithium-ion 
batteries, but do not disaggregate cost information based on the type of lithium-ion chemistry. 
 

● Investment tax credit have you accounted for the reduction in 2020-22 and the 75% changings 
from renewed "cliff"? 
 
Yes.  Note that the federal investment tax credit only applies when the storage unit is coupled 
with a renewable energy installation. In those use cases, we have accounted for the federal tax 
credit and its sunset. 
 

● What is the time frame or projects? 20 years? 25 years? 
 
Because different technologies have different lifetimes, we annualize costs and benefits so that 
we can compare on a consistent annual basis. 
 

● Do you consider replenishment or factor in degradation over the life of the project? Depth of 
discharge degradation? 
 
We consider the battery duty cycle associated with each application, and adjust the assumed 
10-year lithium-ion battery lifetime accordingly. 
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● What are the assumption for battery module lifetime cycles (li-ion)? 

 
The default lifetime is 10 years, and then we adjust based on duty cycle associated with each 
application. 
 

 

PRESENTATIONS OF STUDY APPROACHES TO ENERGY STORAGE SERVICES BY USE CATEGORY 
 
PRESENTATION 2: End-User Services -- Isaac Panzarella 
 

● Did you assume customer knows when the CP will occur? And is that a reasonable assumption? 
 

● With reference to use of storage in conjunction with renewable power- are there future plans to 
explore renewable sources other than solar? 
 

● Are the tariff sheets for municipal utilities and cooperatives publicly available? 
 

● Will be have a plan for Lithium ion recycling? 
 

● How do you quantify the risk to the end-user associated with demand charge management 
without perfect load forecast? 
 

● Clarifications for the loss factors when charging and discharging batteries in the battery-only 
scenarios?  (is 99% used in the study?) 
 

● Can you look at internal rate of return calculations for those studies?  Commercial and industrial 
consumers often are capital constrained and these projects compete against investment in 
improving their business, and not utility services. 
 

● What is the time frame or projects? 20 years? 25 years? 
 

● Do you consider replenishment or factor in degradation over the life of the project? Depth of 
discharge degradation 
 

● What are the assumption for battery module lifetime cycles (li-ion)? 
 

● Have you modeled for wholesale customers such as munis and coops supplied by DEC or DEP? 
 

● Why does battery w/o solar discharge longest payback but battery w/o solar 4 hour discharge 
longest payback? 
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PRESENTATION 3: Distribution Services -- David Lubkeman 
 

● Where did you get your data on traditional utility practices like re-conducting? 
  

North Carolina’s data regarding converting the overhead to underground is from the Duke 
Energy report “Power/Forward Carolinas, Executive Technical Overview” November 2017. The 
link is (Please go to page 66): 
https://votesolar.org/files/2215/1741/2799/Direct_Testimony_of_Caroline_Golin_2.pdf 
  
For other re-conductor costs, there are several references. There is a cost-per-mile (range and 
average) from EIA website. Also National Renewable Energy Laboratory (NREL) has a 
“Distribution System Upgrade Unit Cost Database” that also ha reference data. Please see the 
links below: 
https://www.eia.gov/todayinenergy/detail.php?id=7250 
https://data.nrel.gov/submissions/77 
  

● For T&D deferral, is it more cost effective to employ a DSM program versus deploying an energy 
storage project? 

  
For this study we are simply comparing the cost effectiveness of utilizing energy storage to a 
conventional capacity upgrade.   There could be circumstances where a DSM program could be 
utilized at a lower cost if the infrastructure was in place and there was sufficient load control on 
the specific substation and feeders where the capacity limit was being exceeded. 

  
● Can you make this North Carolina specific? How will we know if this is applicable or an 

important service based on the generic data set? 
  

We are trying our best to make the cases match conditions that could occur in North Carolina. 
  
The yearly load profiles used in the study are for taxonomy distribution feeders that represent 
southeast utilities. This publically available data set was recently released by NREL at 
(https://catalog.data.gov/dataset/randomized-hourly-load-data-for-use-with-taxonomy-
distribution-feeders).  The profiles appear to match load profiles that we’ve seen for other 
studies done on North Carolina circuits as far as winter and summer peaking characteristics and 
load factors. 
  
For the reliability indices and associated cost data these are from Duke Energy filings and 
reports like the “Power/Forward Carolinas Executive Technical Overview” 
(https://votesolar.org/files/2215/1741/2799/Direct_Testimony_of_Caroline_Golin_2.pdf) 
  
For the voltage control study, we are using the PV irradiance data also from North Carolina: 
TMY3 data for Raleigh-Durham international airport, Wilmington, Charlotte are etc. 
(https://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/) 
  

  

https://votesolar.org/files/2215/1741/2799/Direct_Testimony_of_Caroline_Golin_2.pdf
https://votesolar.org/files/2215/1741/2799/Direct_Testimony_of_Caroline_Golin_2.pdf
https://www.eia.gov/todayinenergy/detail.php?id=7250
https://www.eia.gov/todayinenergy/detail.php?id=7250
https://data.nrel.gov/submissions/77
https://data.nrel.gov/submissions/77
https://catalog.data.gov/dataset/randomized-hourly-load-data-for-use-with-taxonomy-distribution-feeders
https://catalog.data.gov/dataset/randomized-hourly-load-data-for-use-with-taxonomy-distribution-feeders
https://votesolar.org/files/2215/1741/2799/Direct_Testimony_of_Caroline_Golin_2.pdf
https://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/
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● Will you try to show the cost advantages to the utility if this customer BTM installs storage to 
peak shave - utility can defer capital investments? 

 
Not at this time for the Distribution Services section of the report. 

  
● I don't know much about SAIFI/SAIDI. 

  
SAIFI and SAIDI are the most used pair of reliability indices. 
SAIFI: Average number of sustained interruptions per consumer during the year. 
SAIDI: Average duration of interruptions per consumers during the year. 
  
For Duke Energy, their definitions of SAIFI and SAIDI are: 
*System Average Interruption Frequency Index (SAIFI): Total number of sustained (>5 minutes) 
customer interruptions / Total number of customers served. 
*System Average Interruption Duration Index (SAIDI): customer interruption duration (minutes) 
/ Total number of customers served. 
   

● Are there any other reliability metrics? 
  

There are other reliability metrics like: 
MAIFI: Average number of momentary interruptions per consumer during the year. 
CAIFI: Average number of interruptions for consumers who experience interruptions during the 
year. 
CAIDI: Average duration of an interruption, calculated based on the total number of sustained 
interruptions in a year. 
  
CAIFI and CAIDI are very similar to SAIFI and SAIDI just one is based on customers who 
experience interruptions and one is based on total numbers of customers. 

  
● Is SAIFI/SAIDI reported at utility or balance authority level? 

  
It is being reported at the utility level.  The SAIFI/SAIDI number that we reference is from the 
Duke Energy “Power/Forward Carolinas Executive Technical Overview” which is for the Duke 
Energy Progress: SAIFI is 1.37 and SAIDI is 159 minutes. 

  
● Did you factor in load growth scenario due to beneficial electrification, particularly, electric 

vehicles adoption? 
  

A 1% load increase in used in the example study. In addition, an input could be easily changed in 
the VBA-based Excel spreadsheet Tool that will be published later. Electrification like electric 
vehicles adoption is not factored in the current study, however, we are working on other studies 
that explore the impact of electric vehicle adoption impact to the load as well as the distribution 
grid. 
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● Have you considered the size of the conventional back-up generator (10-20kW) and the size of 
the energy storage to be equivalent? 
 
Yes.  When comparing the back-up generator with the energy storage, we make the size for 
both identical.  It could be either larger size backup generator comparing to MW energy storage 
or smaller 10-20 kW energy storage or backup generator at customer side. 
 

● How reliable is the data regarding the loss of service? 
  

The reliability indices are from the Duke Energy “Power/Forward Carolinas Executive Technical 
Overview”, November 2017. The cost of interrupted power data are from a Lawrence Berkeley 
National Laboratory report back to 2004. These can be used as a reference. However, the cost of 
loss of service is case by case. https://emp.lbl.gov/sites/all/files/lbnl-55718.pdf 

  
● It's really good that you are looking at distribution capacity & reliability; would like to see 

'hosting' capacity for renewables and EV charging considered. 
 
Hosting capacity for PV will be analyzed in using energy storage for the voltage control part. The 
EV charging can be a good future work, but not in the scope of this study. 

 
PRESENTATION 4: Transmission Services -- David Mulcahy 
 

● Is the study based on the cost of the North Carolina generators? Where the data sets collected?  
 
Yes. The date will be pulled from EIA data based on fuel receipts of generators. It will not be an 
exact match for the costs that NC generators experience because the operators combine short- 
and long-term contracts which can include stipulations such as “take-or-pay” structures. We 
believe that the EIA data will give a good approximation for this study. 
 

● Will the generators not located in North Carolina (i.e. the new Lee CC in Anderson, SC, etc.) but 
benefit the North Carolina grid be considered? 

 
Based on comments, we will expand our analysis to include thermal generators in SC which are 
in Duke’s balancing authority. 
 

● Do you think FTRs could play a role in the future, in impacting cost of ESS being used to offset 
congestion? 
 
I do not think so with a vertically integrated structure. Financial transmission rights only make 
sense when there are separate generation and load serving firms that experience locational 
pricing and there are entities to take both sides of the trade. 
 

● While I understand you cannot comment on the exact size of batteries needed for transmission 
projects, can you comment on the order of magnitude of such projects, 10MW, 100MW, or 
more? 

https://emp.lbl.gov/sites/all/files/lbnl-55718.pdf
https://emp.lbl.gov/sites/all/files/lbnl-55718.pdf


8 
 

 
We do not have an exact estimate because we do not have underlying severity of transmission 
congestion or reliability issues. The sizing would also depend on the number of transmission 
projects that could be avoided and whether any of them could be avoided by a single project. 
 

● What are the primary drives of planning requirement violations that trigger new transmission 
investment? 
 
In general, NERC TPL-001-4 transmission planning standards. While there are many types of 
these violations, they are generally related to overloaded lines in contingency cases with 
forecasted loads. 
 

● Does ESS need to be sited close to cheap generators to relieve congestion so they can operate 
more? 
 
In our simple model, they would need to be close to the site of the more expensive generators 
which are operating more frequently than marginal cost would indicate. This battery site would 
allow them to charge when lines are less congested and in a location that can inject power 
during congested periods. 
 

PRESENTATION 5: Bulk Energy / Peak Capacity Deferral -- Anderson de Queiroz  
 

● Why the coal and gas CT capacity not changing in your scenario analysis? 
 
First, we want to point out that we are discussing installed capacity, which does not account for 
varying amounts of capacity utilization across different scenarios. Because we are only 
projecting to 2030, existing coal and gas CT capacity remain constant and the model does not 
choose to invest in new additions of these technologies. However, this does not mean that their 
associated generation levels are the same across scenarios. In addition, the model must install 
new capacity to meet growing demand, which leads to varying amounts of solar PV and natural 
gas by 2030.  
 

● Why is the amount of coal generation constant across the 2030 scenarios? 
 
See response above. In the report, will present generation levels as well as installed capacity. 
 

● For the 31% capacity factor you considered for the storage in this study, is that capacity factor 
applicable to all the technologies you are studying?  And, is this achievable with known 
technologies? 
 
 

  



9 
 

The 31% capacity factor was obtained through spreadsheet analysis, and represents the 
breakeven point between a battery storage and a gas CT generator under the assumptions that 
were made. The capacity factor will be determined through the modeling exercise, not specified 
exogenously by us. The spreadsheet calculation serves as a benchmark for our more 
sophisticated modeling exercise. 
 

PRESENTATION 6: Frequency Regulation -- Ning Lu  
 

● What regulatory changes do we need to see in the Duke balancing authority to actually allow or 
a frequency regulation market like those established by FERC 755 and 784 in RTOs? 
 
In my opinion, allow third party to provide regulation service may be a good step towards it.  
However, any party wants to provide regulation services, will need to comply with the service 
requirements which need to be negotiated with Duke Energy as they will need to 
provide/prepare regulation signals. 
 

● Do all or just some generators provide regulation services in North Carolina? 
 
Only some generators provide regulation services in NC. 

 
PRESENTATION 7: Solar Clipping – Jeremiah Johnson 
 

● Did you remove the cost of the inverter in the revenue requirement calculation since it is DC 
tied?      
 
Yes.  It resulted in modest cost reductions.      

 
● How do you ensure the battery has space to store the clipped energy, which can be 

unpredictable, while the EES is meeting other demands?    
 
The EES was only used to reduce clipping.  The charge/discharge strategy was simple: charge if 
there was available capacity in the EES, discharge if there was available inverter capacity.  In 
future versions, we hope to consider varying temporal values and multiple services.                                                                                   
 

● Are you going to compare cost structures between DC-coupled and AC-coupled inverters?  
 
This comparison is not explicitly planned, but our bulk energy time shifting analysis considers 
AC-coupled inverters. 
 

● How does this apply to string inverters? Would that change this model?  
 
We can assume that potential for clipping reduction would scale directly when considering 
string inverters, but to properly consider this, we would need to consider nonlinear cost impacts 
of using smaller batteries in greater number.                                        
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● Is the model going to be public so solar developers can run the break-even analysis with internal 
PPA and solar resource data?   
 
After final publication of the study, we can provide access upon request.       
 

 

NC POLICIES THAT RELATE TO ENERGY STORAGE 
 
PRESENTATION 8: Baseline Review of NC Policies that Relate to Energy Storage -- Christopher Galik 
 

● What regulatory changes do we need to see in the Duke balancing authority to actually allow or 
a frequency regulation market like those established by FERC 755 and 784 in RTOs? 

 
These orders address aspects of service valuation, authorize storage to participate in various 
ancillary service markets, and emphasize certain characteristics of service delivery, each of 
which can encourage the deployment of storage. Because NC is vertically integrated, it is 
difficult to draw a direct parallel absent a wholesale market in the state. Short of that, other 
states have experimented with a variety of efforts to better reflect the potential of storage to 
provide multiple services, ranging from establishing standardized approaches for valuing 
storage, to requiring that utilities assess the role of storage in planning and investment 
decisions, to including storage as an available resource in procurement decisions or even 
establishing minimum procurement targets for storage specifically. 
 

● Would be nice to see a comparison of other states' study results, scopes, policy structures and 
outcomes. 
 
Some version of this will be included with the draft report for review.    
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