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I. Introduction 1 

Q. Please state your name, position and business address. 2 

A. My name is Brendan J. Kirby.  I am an electric power systems consultant, and my business 3 

address is 12011 SW Pineapple Court, Palm City, Florida. 4 

Q. On whose behalf are you testifying in this proceeding? 5 

A. I am testifying on behalf of SACE.   6 

Q. Please summarize your qualifications and work experience. 7 

A. I am private consultant with numerous clients including the Hawaii Public Utilities 8 

Commission, National Renewable Energy Laboratory (NREL), the Energy Systems 9 

Integration Group (ESIG), Electric Power Research Institute (EPRI), the American Wind 10 

Energy Association (AWEA), Oak Ridge National Laboratory, and others. I retired from 11 

the Oak Ridge National Laboratory’s Power Systems Research Program. I have 44 years 12 

of electric utility experience, and I have been working on restructuring and ancillary 13 

services since 1994 and spot retail power markets since 1985. 14 

My interests include electric industry restructuring, bulk system reliability, energy storage, 15 

wind and solar power integration, ancillary services, demand side response, renewable 16 

resources, distributed resources, and advanced analysis techniques. I have published over 17 

180 papers, articles, and reports. I coauthored a pro bono amicus brief cited by the Supreme 18 

Court in their January 2016 ruling confirming FERC demand response authority. I have a 19 

patent for responsive loads providing real-power regulation and am the author of a NERC 20 

certified course on Introduction to Bulk Power Systems: Physics / Economics / Regulatory 21 
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Policy. I served on the NERC Standards Committee and the Integration of Variable 1 

Generation Task Force. I have participated in the NERC/FERC reliability readiness 2 

reviews of balancing authorities and reliability coordinators, performed field investigations 3 

for the US/Canada Investigation Team for the 2003 Blackout, and have appeared as an 4 

expert witness in FERC and state litigation. I have conducted research projects concerning 5 

restructuring for the NRC, DOE, NREL, EEI, AWEA, ESIG, numerous utilities, state 6 

regulators, and EPRI. 7 

I am a licensed Professional Engineer with a M.S degree in Electrical Engineering (Power 8 

Option) from Carnegie-Mellon University and a B.S. in Electrical Engineering from 9 

Lehigh University. 10 

 A copy of my resume is included as Exhibit SACE-BJK-1. 11 

Q. Have you previously filed testimony as an expert witness in a regulatory proceeding? 12 

A. Yes. I have testified in proceedings regarding wind and solar integration, bulk power 13 

system reliability, ancillary services, and demand response before Commissions in 14 

California, Minnesota, Texas, Wyoming, and Hawaii, as well as before the Federal Energy 15 

Regulatory Commission. I was also appointed as the Special Advisor for Demand 16 

Response for the Hawaii Commission in 2015. 17 

Q. What is the purpose of your testimony? 18 

A. The purpose of my testimony is to evaluate Georgia Power’s proposed reserve margin and 19 

related studies, and its cost-benefit studies of utility scale solar, distributed solar, and wind. 20 
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I discuss why the analysis results appear to be flawed. I present the following 1 

recommendations for the Commission’s consideration. The Commission should: 2 

 Direct Georgia Power to reexamine the winter reserve requirements calculations to 3 

determine under exactly what conditions the winter reserve requirements have 4 

increased.  5 

o Georgia Power asserts that winter reliability is now challenged based on 6 

model results. Once the specific conditions under which its model identifies 7 

challenges are known, it will be possible to determine if the assumptions 8 

concerning the likelihood of those conditions occurring are reasonable, and 9 

if those conditions can be mitigated. 10 

o Assuming Georgia Power’s analysis is correct, and winter reliability is now 11 

challenged by very rare but very large reliability events, the Company 12 

should determine the most cost-effective resources for mitigating or 13 

meeting the increased reserve requirement. Winter-focused demand 14 

response, for example, may be more cost-effective than adding large 15 

amounts of new combustion turbines that will very rarely have to respond. 16 

 Direct Georgia Power to reexamine the Generation Remix Costs presented in the 17 

Cost Benefits studies. These results appear unlikely, adding $_/MWH to the cost 18 

of utility scale solar generation when compared with distributed solar generation.  19 

o If the study results are confirmed, based on the study assumptions, then 20 

direct Georgia Power to change the utility scale solar generation plant 21 
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design assumptions to co-optimize energy production and Generation 1 

Remix Costs. 2 

 Direct Georgia Power to share the analysis that synthesized solar time-series data 3 

with the Commission Staff so that the Staff can be assured that the synthesized solar 4 

data is time synchronized with the load data and that aggregation benefits have been 5 

fully incorporated. 6 

Q. Are you submitting exhibits along with your testimony? 7 

A. Yes, I am submitting one exhibit along with my testimony, as follows: 8 

 SACE-BJK-1: Resume of Brendan J. Kirby 9 

II.   Summary of Findings and Conclusions 10 

Q. Please summarize the results of your review of the Company’s winter reserve 11 

requirements. 12 

A. The Company is proposing an increase in its estimate of winter reserve requirements, from 13 

24.7%1 to 26%2. Yet the study on which this proposal rests includes findings which, in my 14 

professional experience, are very unusual. Graphical results presented in “An Economic 15 

and Reliability Study of the Target Reserve Margin for Southern Company System” (TRM 16 

Study) are puzzling. Figures III.8 and A.15 (included in my testimony) show that, 17 

according to the model, winter reliability is improved only very gradually by adding more 18 

generation capacity (in the form of combustion turbines).  19 

                                                 
1 “…current approved Target Reserve Margin of 16.25% (which is equivalent to a 24.7% winter reserve margin)” An 
Economic and Reliability Study of the Target Reserve Margin for the Southern Company System, January 2019, page 
75. 
2 “The 2018 Reserve Margin Study recommends a long-term Winter TRM of 26%” An Economic and Reliability 
Study of the Target Reserve Margin for the Southern Company System, January 2019, page 12. 
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In contrast, the summer reserves analysis shows the normal utility pattern of adding 1 

reserves having a dramatic improvement on reliability. The minimal winter reliability 2 

impact of adding combustion turbine reserves implies that the underlying reliability events 3 

that the reserves are designed to mitigate are both unusually rare and unusually large. This 4 

calls into question if the model-simulated reliability events are realistic. These large but 5 

rare events should be examined in detail to understand if they represent realistic conditions. 6 

Even assuming that the winter reliability events are realistic, there are likely more cost-7 

effective reserve resources than adding large amounts of new combustion turbines that will 8 

only be required to respond very rarely. 9 

Q. Please summarize the results of your review of the Company’s Renewable Cost 10 

Benefit Framework analysis. 11 

A. The Company presented results of the Renewable Cost Benefit Framework (RCB 12 

Framework) analysis for utility scale fixed tilt solar generators, distributed solar generators, 13 

and wind. One striking result was that the Generation Remix Costs calculated resulted in a 14 

roughly $_/MWH greater credit for distributed solar generators than for utility scale solar 15 

generators. This result is counter to the expectation that utility scale solar generation tends 16 

to exhibit characteristics that are more favorable to utility integration than distributed solar 17 

generation.  18 

The reasons for this unusual result are unclear. In response to cross-examination, the 19 

Company’s witness Mr. Bush stated that the distributed solar generation had a higher 20 

Generation Remix value because it has “a non-optimized profile” (April 9, 2019 hearing 21 

cross-examination of Mr. Bush, transcript page 575). I also examined the underlying hourly 22 
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solar generation profiles and hourly forecast error profiles, but the data failed to suggest 1 

why utility scale solar generators should be penalized by the Generation Remix model 2 

results. The Commission should direct Georgia Power to review the Generation Remix 3 

Costs calculations and fully explain the results. 4 

 There are steps that can be taken by solar developers to improve solar generation output 5 

alignment with the Company’s resource needs, if they are aware of the problem. If, contrary 6 

to the usual experience in similar analyses, the utility scale solar hourly profiles are worse 7 

than distributed generation solar hourly profiles in terms of Generation Remix Costs, then 8 

utility scale developers could adjust their project design. Utility scale solar generators have 9 

significant capability to adjust the hourly solar generation profiles they present to the utility 10 

by, for example, changing the east-west tilt for fixed tilt generators or by employing single 11 

axis tracking. With such a large ~$_/MWH impact on potential net benefits, potential 12 

bidders should be informed about the Generation Remix characteristics so that they can 13 

optimize their proposals to maximize system benefits. This will benefit both the solar 14 

generators and the utility. 15 

Q. Do you have additional observations and recommendations? 16 

A. Yes. Georgia Power provided few details concerning how the time series data for solar 17 

generators for use in the production cost modeling was synthesized. It is critical that the 18 

time series solar generation data and wind generation data be time synchronized with the 19 

load data. Weather drives solar generation, wind generation, and load. Similarly, the 20 

variability and uncertainty of solar generation and wind generation declines significantly 21 
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as the generation fleet grows. Aggregation benefits are as important for variable renewables 1 

as they are for load. Linear scaling of existing solar plant data, for example, is inappropriate 2 

for synthesizing time series data to represent a larger future solar generation fleet. The 3 

Commission should direct Georgia Power to share with Commission Staff the data and 4 

analysis methods used to synthesize the time series solar and wind generation data that was 5 

then synchronized with load data for integration analysis. 6 

III.  Winter Reserve Effectiveness 7 

Q. Do you have concerns with the effectiveness of the reserves that were added to address 8 

winter reliability? 9 

A. Yes, the system reliability results presented in the TRM Study exhibit an odd behavior that 10 

calls into question either the study itself or the selected method of addressing winter 11 

reliability. 12 

Q. How were reserve requirements determined? 13 

A. The analysis methodology described in Southern Company’s TRM Study used production 14 

cost modeling to examine power system costs as solar generation was added to the power 15 

system. Reserves were added to maintain reliability and allow for a fair comparison of 16 

costs with and without additional solar generation. 17 

Q. What did the study find concerning winter reserve effectiveness?  18 

A. The study found that adding winter reserves is puzzlingly ineffective. Confidential Figure 19 

III.8 shows how adding reserves (expressed as a percentage of summer peak load) 20 
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improved annual reliability in three studies: 2012, 2015, and 2018.3 The 2012 study showed 1 

the expected pattern where reliability was low with few reserves but improved dramatically 2 

as reserves were added. In this case, which is typical for most reliability studies, reliability 3 

improved so dramatically that adding reserves beyond about _% would make no sense.  4 

 5 

 6 

                                                 
3 Reserve margins in these studies were expressed as a percentage of summer load though the focus was also on 
winter reserves. As Mr. Weathers explained on April 9, 2019 in his cross-examination testimony “We do – our 
study’s for an annual period. We’re looking at every hour of the year. We can look – we can state it in terms of 
summer reserve margin, we can state it in terms of winter.” (Tr. 545) 

Figure III.8:  TRADE SECRET – Loss of Load Expectation by Summer Reserve Margin

 

 

 

REDACTED 

An Economic and Reliability Study of the Target Reserve Margin for the Southern 
Company System, (January 2019). 
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Figure A.15 for the 2018 study showed that adding reserves in the summer still provided 1 

the expected dramatic reliability benefit but that adding reserves in the winter only 2 

improved LOLE very slowly. 3 

 4 

In 2015, and more so in 2018, Southern Company found that adding winter reserves was 5 

relatively ineffective at improving reliability, out to very high reserve margins. Summer 6 

reserves continued to exhibit the expected beneficial behavior. The reason for this change 7 

in reserve effectiveness is not clear and may be important. 8 

Figure A.15 TRADE SECRET – Seasonal LOLE by Reserve Margin  

 

 

 

 

REDACTED 

An Economic and Reliability Study of the Target Reserve Margin for the Southern 
Company System, (January 2019). 
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Q. Why might the analysis be finding that adding winter reserves is ineffective at 1 

restoring reliability? 2 

A. There are several possible explanations as to why the analysis found winter reserves to be 3 

ineffective. For example, the report says that CTs are the added reserve resource. Mr. 4 

Weathers stated that the added CTs have dual fuel capability (Tr. 546), so loss of natural 5 

gas fuel supply is not the reason the added reserves are ineffective.  6 

Possibly the added reserve CTs are modeled with high cold-weather failures such that they 7 

tend to fail at the same time the rest of the generation fleet is experiencing weather related 8 

failures. The TRM Study, states:  9 

“Extreme cold-weather conditions often result in increased unit outage rates. 10 

History has demonstrated that as temperatures continue to decrease the outage rate 11 

tends to increase exponentially. While the causes (i.e., the components impacted by 12 

the cold weather) may be different for each, steam generators, CCs, and CTs all 13 

have vulnerabilities to extreme cold temperatures.” (page 96, emphasis added) 14 

Possibly it is extreme load spikes that are only hypothesized to occur under rare conditions.  15 

Figure A.15 clearly shows that the winter Loss of Load events are rare, barely exceeding 16 

the 1-day-in-10-yeads threshold even with a _% reserve margin.  17 

Mr. Weathers voiced a similar conclusion when he stated that the reason that adding 18 

reserves is so ineffective at improving winter reliability is that winter risks are 19 

characterized by a small number of higher magnitude events while summer risks are 20 

characterized by a larger number of smaller magnitude risks. “So as you continue to add 21 



Direct Testimony of Brendan J. Kirby 
Southern Alliance for Clean Energy              
Georgia PSC, Docket No. 42310 
 
 

12 
 

reserves, you can mitigate a number of those really small instances in the summer, but not 1 

as many of those in the winter time.” (Tr. 548) This makes sense, smaller magnitude risks 2 

are easier to mitigate with reserves, even if they are more frequent. 3 

Q. Did the Reserve Margin Study discuss reasons why winter reliability risks are 4 

changing? 5 

A. Yes, but only in a limited way. On page A-4 the study discusses six “drivers” that Georgia 6 

Power states are resulting in decreased winter reliability for the power system: 7 

“Currently, there are six primary determinants … that have been identified as key 8 

drivers affecting the winter reliability risk concerns on the System, including 9 

• the narrowing of summer and winter weather-normal peak loads, 10 

• the distribution of peak loads relative to the norm, 11 

• cold-weather-related unit outages, 12 

• the penetration of solar resources, 13 

• increased reliance on natural gas, and 14 

• market purchase availability.” 15 

Q. Why do you say the discussion of winter reserve drivers is only limited? 16 

A. The discussion is limited in the sense that the specific reasons for declining winter reserve 17 

effectiveness were not quantified. Mr. Weathers reiterated that Southern Company has 18 

identified the six drivers that result in greater winter reliability concerns. He also stated 19 

“there’s really not a good way to quantify which one of those is most impactful to winter 20 

reliability risk. In fact, all six of those drivers, they work in conjunction with each other.” 21 

(Tr. 541) Only the net impact on reliability has been quantified. As Southern Company’s 22 



Direct Testimony of Brendan J. Kirby 
Southern Alliance for Clean Energy              
Georgia PSC, Docket No. 42310 
 
 

13 
 

analysis clearly shows, the chosen solution of adding CTs to supply additional reserves, 1 

while still very effective in maintaining summer reliability, is ineffective at addressing 2 

winter reliability. The analysis does not explain why.  3 

With no analysis of the specific conditions that result in winter reserve ineffectiveness it is 4 

not possible to tell if the analysis is credible or, if the analysis is correct, why adding CTs 5 

is no longer an effective solution or what alternative measures might be more cost effective. 6 

Q. Is it important to determine which of the six “drivers” actually contribute to winter 7 

reliability concerns? If so, is it possible to distinguish between the impacts of the six 8 

“drivers”? 9 

A. Yes and yes. It is important because the most cost-effective measures for mitigating the 10 

causes of winter unreliability or of responding with additional reserves if the underlying 11 

causes cannot be reduced or eliminated are likely very different, depending what the 12 

underlying cause(s) actually is (are). It is possible to determine what is actually driving the 13 

underlying reliability concern by examining the simulated conditions that resulted in the 14 

simulated LOLE events. As Figure A-15 shows, there are only a few winter reliability 15 

events creating the need for a higher winter TRM. 16 

Q. Please give an example of different actions that would be taken depending on which 17 

“driver” is associated with winter reliability events. 18 

A. Cold-weather-related unit outages provide an example. If extreme-cold-weather generator 19 

outages account for most or all of the simulated winter LOLE reliability events the 20 

underlying assumption of exponentially increasing unit outages at sub-zero temperatures 21 
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should be studied further and confirmed before significant investments are made in new 1 

CTs or decisions concerning renewables expansion are adversely impacted. 2 

Appendix A in the TRM Study has two seemingly contradictory statements. The report 3 

first states that efforts have been underway for five years to improve unit reliability under 4 

extreme cold conditions: 5 

“After the 2014 Polar Vortex event, the Operating Companies began implementing 6 

measures to improve the performance of its resources under extreme conditions. … 7 

System plant performance experts are confident that these efforts to improve cold-8 

weather performance will ultimately result in a reduction in cold-weather outages 9 

relative to historical trends.” (page 97) 10 

This is immediately followed by a statement that appears to say that there never will be 11 

improved cold-weather performance: 12 

“there will always remain an exponentially increasing probability of performance 13 

risk as system-weighted temperature reach the more extreme cold levels.” 14 

Additionally, Figure A.6, which shows the assumed exponential increase in extreme-cold-15 

weather EFOR is not clearly supported by the scattered historic EFOR data presented in 16 

Table A.1, where all of the outage rates above _% occurred before 2000. 17 

Q. What do you recommend the Commission do? 18 

A. The Commission should direct Georgia Power to reexamine the detailed case results to 19 

determine why adding winter reserves is exhibiting this odd, ineffective behavior. Based 20 

on my review of the report and the Company’s witness panel testimony, there are not 21 
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many events to examine. Each reliability event should be explicitly quantified in terms of 1 

occurrence frequency, timing (time of day, day of week, etc.), duration, load conditions, 2 

weather conditions, outages of other generators, hydro conditions, specific case 3 

assumptions (economic growth, imports/exports, etc.).  4 

Once the driving conditions are understood it will be possible to assess if the concerns are 5 

real (versus being a modeling issue) and, if real, how best to mitigate them. Additional 6 

demand response may be a much more effective solution. Additional research is required 7 

to determine if the assumption that outages increase dramatically with extreme 8 

temperatures drops is valid. If the reliability events are found to be credible, additional 9 

demand response may be a much more effective solution than adding large numbers of 10 

combustion turbines. Alternatively, additional efforts to improve cold weather generator 11 

reliability may be a more effective solution. It is impossible to know until the exact reasons 12 

for the reliability events are understood. 13 

Q. Are there other indications that combustion turbines – or any form of peaking 14 

generation – are not an appropriate or cost-effective winter reserve resource for 15 

Georgia Power? 16 

A. Yes. Figure A.15 shows the loss of load expectation in days per year for a range of reserve 17 

margins. For example, summer reserves are required to respond at least _______ at the 18 

__% reserve level (LOLE = _ day/year). Though the graph does not show lower reserve 19 

levels (the horizontal axis starts at _%) the shape of the summer curve indicates that the 20 

first _% of summer reserves will likely be required to respond much more often than ____ 21 
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per year. Conversely, winter reserves are required to respond much less often. The LOLE 1 

for _% winter reserves is only about _ days per year and the curve does not appear to be 2 

rising sharply as the reserve margin declines. All of this means that while both the summer 3 

and winter reserve margins are set based on a LOLE of one day in ten years, and the last 4 

increment of both the summer and winter reserves will theoretically only need to respond 5 

once in ten years, the bulk of the summer reserves will be required to respond more than 6 

___________ while the bulk of the winter reserves will only be required to respond once 7 

every _________ years.  8 

It seems wasteful to purchase, install, and maintain brand new combustion turbines that are 9 

only required to respond once every ___ years. 10 

Q. Are there potentially other more appropriate reserve resources? 11 

A. Yes. Georgia Power should first carefully examine the reserve shortfall events to determine 12 

if the events themselves can be reduced or eliminated. More appropriate winter load 13 

forecasts may eliminate some events. Better cold weather preparations for conventional 14 

generators may also reduce outages. Appropriate mitigation measures cannot be identified 15 

until the problem is more precisely defined. Assuming that additional reserves are required, 16 

and the frequency of required response is in line with that shown in figure A.15, demand 17 

response may offer a lower cost resource.  18 

Since the 26% winter reserve requirement calculated by the company will require 19 

deployment roughly once every _____ years, a winter-focused demand response program 20 

would require infrequent response, and should not lead to customer fatigue. Converting the 21 
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capital cost, maintenance cost, and operating cost for the combustion turbines into a 1 

potential $/MWH for actual demand response would likely attract ample reserves beyond 2 

those of existing demand response programs. 3 

III.  Cost & Benefits Framework: Generation Remix Costs 4 

Q. Do you have concerns with the Generation Remix Costs? 5 

A. Yes.  There is a puzzling result when comparing results from the three RCB Framework 6 

case studies: 7 

 The Cost and Benefits of Utility Scale Fixed Tilt Solar Generation in Georgia 8 

(1/17/2019) 9 

 The Cost and Benefits of Distributed Solar Generation in Georgia (1/17/2019) 10 

 The Cost and Benefits of Fixed and Variable Wind Delivered to Georgia. 11 

(1/17/2019)  12 

The results from each study are presented in Table 1 for comparison. Both Wind and 13 

Distributed Solar (PV DS) have a high “Generation Remix Costs” benefit while Utility 14 

Scale Solar (PV US) has a small cost. Other costs and benefits appear to be reasonably 15 

related.  16 
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Specifically, the $__/MWH difference between the Generation Remix Costs for utility 1 

scale solar generation and distributed solar generation represents a roughly __% reduction 2 

in the value of utility scale solar generation.4 This result is odd for two reasons. 3 

First, it is odd that utility scale solar and distributed solar have such different results, even 4 

though they are very similar resources. Second, in my experience, utility scale solar has 5 

characteristics that better align with utility needs than distributed solar and, consequently, 6 

                                                 
4 Solar generators are paid based on their successful energy bid prices. The avoided energy cost represents an upper 
limit on potential compensation. To the extent that successful solar energy price bids are lower than the assumed 
~$__/MWH avoided energy cost the $_/MWH difference in Generation Remix Costs becomes a greater percentage 
concern. 

Table 1 TRADE SECRET - Levelized Costs and Benefits ($/MWH)  

   PV US  PV DS  Wind 
Avoided Energy Costs  ____   ____   ____  

Deferred Generation Capacity Costs  ___   ___   ___  

Deferred Transmission Investment  N/A  ___   N/A 

Reduced Distribution Losses  N/A  ___   N/A 

Distribution Operations Costs          

Ancillary Services ‐ Reactive Supply and Voltage Control          

Generation Remix Costs  ___  ___   ___  

Support Capacity (Flexible Reserves)  ‐___  ‐___  ___ 

Bottom Out Costs          

Long Term Service Agreement (LTSA) Costs          

Program and Administration Costs          

Total Net Avoided Cost  _____   ____   ____  
 

Values from: The Costs and Benefits of Utility Scale Fixed Tilt Solar Generation in 
Georgia, (PV US), Published: 1/17/19, The Costs and Benefits of Distributed Solar 
Generation in Georgia, (PV DS), Published: 1/17/2019, The Costs and Benefits of Fixed 
and Variable Wind Delivered to Georgia, (Wind), Published: 1/17/19 
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an equal or lower integration cost. In fact, at first glance, I thought these results might be 1 

a typographical error. 2 

Q. How was the Generation Remix Costs category described? 3 

A. The Generation Remix Costs category appears to be a re-examination of the larger scale 4 

generation fleet optimization when large amounts of solar generation are added. Few 5 

details were provided. Impacts on both capital costs and operating costs of the Georgia 6 

Power conventional generation fleet were calculated. Page 36 of the “A Framework for 7 

Determining the Costs and Benefits of Renewable Resources in Georgia” says that capital 8 

cost impacts were determined by running the Strategist model to calculate future generation 9 

expansion plans with and without renewables. Previously credited benefits were subtracted 10 

out. Production cost impacts were also determined through production cost modeling. 11 

Previously credited Avoided Energy Cost benefits were subtracted out. There are also 12 

unexplained “extra” production cost impacts.  13 

In spite of the lack of details the methodology sounds reasonable. It is unclear, however, 14 

why utility scale solar would have such a different, and adverse, impact on generation 15 

expansion or production costs when compared with distributed solar. 16 

Q. Did Georgia Power explain why utility scale solar generation was assessed much 17 

higher Generation Remix Costs than distributed solar generation? 18 

A. The reasons for this unusual result are unclear. In response to cross-examination, the 19 

Company’s witness Mr. Bush stated that the distributed solar generation had a higher 20 
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Generation Remix value because it has a diverse and “non-optimized profile” when 1 

compared to utility scale solar generation (Tr. 575). An examination of the solar profiles 2 

on which the Generation Remix Costs were based does not seem to bear this out, however.  3 

 Both the utility scale and the distributed solar generation cost and benefits reports have 4 

tables that list the hourly solar generation profile for each month that the Generation Remix 5 

Costs analysis was based on. Figure 1 compares the annual average hourly profiles for 6 

utility scale solar generation and distributed solar generation from these tables. These 7 

comparisons could be done monthly but the results are similar and for simplicity only the 8 

annual averages are shown here. 9 

Figure 1 TRADE SECRET – Average Hourly Utility Scale Solar and Distributed Solar 
Generation Profiles  
 

 

 

 

REDACTED 

From Table 2: Generation Profile for Utility Scale Fixed Tilt Solar: The Cost and 
Benefits of Utility Scale Fixed Tilt Solar Generation in Georgia, (1/17/2019) and Table 
2: Generation Profile for Distributed Generation Solar: The Cost and Benefits of 
Distributed Solar Generation in Georgia, (1/17/2019) 



Direct Testimony of Brendan J. Kirby 
Southern Alliance for Clean Energy              
Georgia PSC, Docket No. 42310 
 
 

21 
 

 Comparing the utility scale solar generation hourly profile and the distributed solar 1 

generation hourly profile, it is difficult to see why the utility scale solar generation profile 2 

should result in higher Generation Remix Costs. One would think that solar generation 3 

peaking later in the afternoon would better match the utility load peak, and thus offset more 4 

costly resources. Taking more costly resources offline should not result in a remix cost, but 5 

rather a greater remix benefit. The overall shapes are not significantly different. The greater 6 

peak generation (__% maximum for utility scale solar generation versus __% maximum 7 

for distributed solar generation) impacts the net size of the resource, not its integration 8 

characteristics. 9 

Q. If the analysis is correct, could utility scale solar generation be designed to improve 10 

the Generation Remix Costs? 11 

A. Yes. Most importantly, if the assumed solar generation profile does actually result in 12 

significantly higher Generation Remix Costs, the utility scale solar generators could be 13 

designed to co-optimize energy production and Generation Remix Costs. $_/MWH is a 14 

significant cost (or benefit). Solar generation owners would have a strong incentive to 15 

optimize the design of their plants, including the tilt of the panels, to maximize their total 16 

revenue. This would also maximize the benefits and minimize the costs for Georgia Power. 17 

Q. Are there differences in the forecast errors assumed for utility scale solar generation 18 

and distributed solar generation? 19 

A. Yes. The Cost and Benefits of Utility Scale Fixed Tilt Solar Generation in Georgia and The 20 

Cost and Benefits of Distributed Solar Generation in Georgia both contained tables of the 21 
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assumed hourly solar forecast error for each month. Figure 2 compares the annual average 1 

hourly results. 2 

Figure 2 TRADE SECRET – Average Hourly Utility Scale Solar and Distributed Solar 
Generation percentage forecast errors 
 

 

 

 

REDACTED 

From Table 13: Hourly Solar Forecast Error: The Cost and Benefits of Utility Scale 
Fixed Tilt Solar Generation in Georgia, (1/17/2019) and Table 17: Solar Forecast Error: 
The Cost and Benefits of Distributed Solar Generation in Georgia, (1/17/2019) 

Figure 2 may be a little deceiving, however. Forecast errors early in the morning or late in 3 

the afternoon when solar generation is low are not as significant as forecast errors in the 4 

middle of the day when solar generation is high. Figure 3 presents the forecast error in 5 

terms of solar generation output, assuming a 1000 MW solar fleet. 6 

Figure 3 clearly shows that forecast error is reasonably low for all solar generation but that 7 

it is slightly lower for utility scale solar generation than it is for distributed solar generation. 8 
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Forecast error is not a reason that Generation Remix Costs are higher for utility scale solar 1 

generation than for distributed solar generation. 2 

Figure 3 TRADE SECRET – Average Hourly Utility Scale Solar and Distributed Solar 
Generation MW forecast errors 
 

 

 

 

REDACTED 

Developed from The Cost and Benefits of Utility Scale Fixed Tilt Solar Generation in 
Georgia, (1/17/2019) and The Cost and Benefits of Distributed Solar Generation in 
Georgia, (1/17/2019) 

Q. What do you recommend the Commission do? 3 

A. The Commission should direct Georgia Power to reexamine the detailed case results of the 4 

cost and benefits analysis, especially the Generation Remix Costs, to determine if the 5 

results for utility scale solar generation and distributed solar generation are correct. Any 6 

significant differences in costs and benefits calculated for each generation type should be 7 

fully explained. 8 

 If the analysis is found to be correct and there are significantly higher Generation Remix 9 

Costs for utility scale solar generation than for distributed solar generation the exact 10 
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reasons should be fully documented. Then, potential bidders should be informed about the 1 

Generation Remix characteristics so that they can optimize their proposals to maximize 2 

system benefits. Assumed solar profiles used in the analysis should match solar plant 3 

designs that are co-optimized for energy production and Generation Remix benefits.  4 

Q. More generally, could the Generation Remix Costs analysis method be improved? 5 

A. Yes. It appears that the goal of Generation Remix Costs analysis is to adjust the avoided 6 

costs defined by the base plan. The Generation Remix Costs analysis is a correction patch 7 

added to enable the retention of the avoided cost methodology. 8 

A more straightforward approach is to incorporate renewables directly into the production 9 

cost modeling and generation expansion analysis, eliminating the need for most off-model 10 

cost and benefits analysis for wind and solar generation. As SACE Witness Mark Detsky 11 

describes occurs in Colorado, rather than adding renewables to an already optimized 12 

generation mix, it is better to include renewables in the process for optimizing the system 13 

resource mix.  14 

On a much more detailed level, the calculation of increased Regulating Reserves 15 

requirement [a component of the Support Capacity (Flexible Reserves) in Table 1] is in 16 

error. A Framework for Determining the Costs and Benefits of Renewable Resources in 17 

Georgia (Revised: 5/12/17) explains that variable renewable generators increase the power 18 

system’s need for regulating reserves: 19 

“As the output of VERs fluctuate (e.g., as clouds pass over solar resources or as 20 

wind starts/stops blowing), other dispatchable resources must adjust to account for 21 
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these fluctuations.  This affects the generation fleet as if it were a fluctuation in 1 

load.  Because many of these fluctuations occur over a short period of time (i.e., 2 

seconds to minutes), these moment to moment swings in the generation ramping 3 

requirements must be managed by Regulating Reserves” (Page 42) 4 

 The Framework document goes on to state: 5 

“Assuming no definitive correlation between load volatility and VER volatility, it 6 

must be assumed that these fluctuations are additive in nature, resulting in a need 7 

for additional Regulating Reserves than would otherwise be required.” (Emphasis 8 

added) (Page 43) 9 

Short-term variations of loads and variable renewable generators are typically uncorrelated 10 

among themselves and with each other. Consequently, regulation requirements are not 11 

arithmetically additive but instead increase with the root mean square. The document is not 12 

entirely clear but if Georgia Power is linearly adding regulation requirements of variable 13 

renewables and load it is greatly overstating the total system regulation requirement. 14 

Further, if Georgia Power is linearly increasing the assumed regulation requirements as the 15 

solar fleet grows it is also greatly overstating the overall regulation requirements. 16 

IV.  Solar Synthesis Data Concerns 17 

Q. Do you have concerns with how the solar data used in the analysis was generated? 18 

A. Yes. Solar generation data must be synthesized in order to study higher solar penetrations 19 

than currently exist. This creates two problems. First, the synthesized solar data must be 20 

synchronized to the load data used in the study. Georgia Power has a great deal of load data 21 
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available spanning many years, and load is growing relatively slowly. The field of load 1 

forecasting is well developed through decades of experience. Adjusting historic hourly load 2 

data to represent different weather conditions and different economic conditions (greater 3 

load growth, for example) is relatively straightforward.  4 

Creating hourly (and sub-hourly) solar data that accurately matches differing weather 5 

conditions from different years is much more difficult. It is critical that the solar data be 6 

time synchronized with the load data since weather drives both load and solar generation.  7 

Second, the solar data must be extrapolated from lower values of actual installed solar 8 

generators and/or from meteorological measurements. As with load, relative short-term 9 

variability declines substantially as an aggregation of solar generators or loads increases in 10 

size. It is not clear from the materials Georgia Power supplied how the time series solar 11 

data for the study was generated. Commission staff should be given access to the detailed 12 

solar generation time series data so that they can determine if it was synthesized properly, 13 

both synchronizing with the time series load data and incorporating the appropriate 14 

diversity benefits as the data is extrapolated to represent the larger solar generation fleet. 15 

V.  Representing the Capabilities of Current Solar Generators 16 

Q. Does the analysis adequately reflect the capabilities of current solar generators? 17 

A. No. All new solar plants greater than ~1 MW could easily be placed on automatic 18 

generation control.5  This is not a technology or implementation cost issue. Georgia Power 19 

                                                 
5 Energy and Environmental Economics Inc., Investigating the Economic Value of Flexible Solar Power Plant 
Operation (October 2018). 
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is in control of the interconnection process and simply has to develop technically justified 1 

requirements with fair compensation to encourage or require solar generator control 2 

capability.  3 

 Similarly, single axis tracking can provide cost-effective benefits in terms of increased 4 

energy production as well as better matching of the hourly solar generation profile to the 5 

hourly utility load shape. 6 

 Solar generators with battery storage are fully dispatchable. They impose no regulation or 7 

forecast error burdens on the power system. They should be evaluated along side all other 8 

generation options with no additional charges or concerns. 9 

All parties should benefit when the power system is economically optimized and reliably 10 

operated. System expansion planning and production cost modeling should include cost-11 

effective solar generation capabilities. 12 

Q. Does this conclude your testimony? 13 

A. Yes.  14 



Brendan J. Kirby                                               Page 1 Exhibit SACE-BJK-1 
 
 Curriculum Vitae 
 
 Brendan Kirby 
 
  (865) 250-0753    KIRBYBJ@IEEE.ORG    WWW.CONSULTKIRBY.COM  
 
Professional Experience: 
 
2008-Present: Consulting, Consulting privately with numerous clients including the Florida Power 

and Light, NextEra, Hawaii PUC, National Renewable Energy Laboratory, ESIG, 
AWEA, Oak Ridge National Laboratory, EPRI, and others. He served on the NERC 
Standards Committee. He has 44 years of electric utility experience and has 
published over 180 papers, articles, and reports on ancillary services, wind 
integration, restructuring, the use of responsive load as a bulk system reliability 
resource, and power system reliability. He coauthored a pro bono amicus brief cited 
by the Supreme Court in their January 2016 ruling confirming FERC demand 
response authority. He has a patent for responsive loads providing real-power 
regulation and is the author of a NERC certified course on Introduction to Bulk 
Power Systems: Physics / Economics / Regulatory Policy.  

 
1994-2008: Sr. Researcher, Power Systems Research Program, Oak Ridge National Laboratory. 

Research interests included electric industry restructuring, unbundling of ancillary 
services, wind integration, distributed resources, demand side response, energy 
storage, renewable resources, advanced analysis techniques, and power system 
security. In addition to the research topics listed above activities included: NYISO 
Environmental Advisory Council, assignment to FERC Technical Staff to support 
reliability efforts including NERC/FERC reliability readiness audits, Technical 
Advisory Committee for the 2006 Minnesota Wind Integration Study, DOE 
Investigation Team for the 2003 Blackout, the IEEE SCC 21 Distributed Generation 
Interconnection Standard working group, DOE National Transmission Grid Study, 
staff to the DOE Task Force on Electric System Reliability, and NERC IOS Working 
Group. Conducted research projects concerning restructuring for the NRC, DOE, 
EEI, numerous utilities, state regulators, and EPRI. 

 
Consulting, Consulted privately with utilities, renewable generators, AWEA, 
ISO/RTOs, IPPs, loads, interest groups, regulators, manufacturers and others on 
power system reliability, ancillary services, responsive load, wind integration,  
electric utility restructuring and other issues. Testified as an expert witness in FERC 
and state litigation. 

 
1991 to 1994: Power Analysis Department Head, Technical Analysis and Operations Division.  

Primary responsibility was to support the Department of Energy in the management 
of 7000 MW of uranium enrichment capacity. The most significant feature of this 
load was that 2000 MW were procured on the spot energy market from multiple 



Brendan J. Kirby                                               Page 2 Exhibit SACE-BJK-1 
 

suppliers requiring rapid response to changing market conditions. Support included 
technical support for power contract negotiations, development of the real-time 
energy management strategy, managing the development of a computer based 
operator assistant to aid in making real-time power purchase decisions. Conducted 
computer based simulations of the loads and the interconnected network which 
supplies them. Simulations included large scale load flows, short circuit studies, and 
transient stability studies. They also included extensive specialized modeling for 
analysis of electrical, mechanical, and thermal performance under balanced and 
unbalanced conditions. Responsible for maintaining close ties with technical 
personnel from the various utilities which supplied power to the diffusion complex to 
exchange data and perform joint studies. 
 
Provided consultation services on a large range of power system concerns including: 
cogeneration opportunities, power supply for the Lawrence Livermore National 
Laboratory M.F.T.F. facility, capacity at EURODIF, power supply for the Strategic 
Petroleum Reserve, power supply for large pulsed fusion loads, and wheeling. 

 
1985 to 1991: Electric Power Planning Section Head, Enrichment Technical Operations Division 

with substantially the same responsibilities as stated above. 
 
1977 to 1985: Technical Computing Specialist, Electrical Engineering and Small Computing 

Section, Computing and Telecommunications Division.  Time was evenly divided 
between power system studies as described above and minicomputer work.  The 
minicomputer work supported laboratory data collection and experiment control. 

 
1975 to 1976: Engineer, Electrical Engineering Department, Long Island Lighting Company, 

Hicksville, New York.  Responsible for electrostatic and magnetic field strength 
modeling as well as sound level testing and analysis. 

 
Education: 
1977 - M.S.E.E., power option, Carnegie-Mellon University, Pittsburgh, Pa. 

Worked under a Department of Transportation contract studying more efficient means of 
energy use in rail systems. 

1975 - B.S.E.E., Lehigh University, Bethlehem, Pa., cum laude, Eta Kappa Nu, the Electrical 
Engineering Honorary, and Phi Eta Sigma, the freshman Honorary. 

 
Professional Affiliations and Awards: 
     - Licensed professional engineer 
     - Patent 7,536,240: Real Power Regulation For The Utility Power Grid Via Responsive Load 
     - 1985, 1986, 1987, 1990, and 1992 Awards for power system related work 
     - Life Senior Member of the IEEE 
     - Former DOE Q clearance 



Brendan J. Kirby                                               Page 3 Exhibit SACE-BJK-1 
 
Publications: 
B. Hobbs, B. Kirby, K. Lutz, J. Mccalley, B. Parsons, 2016, In the United States Court of Appeals, 
For the District of Columbia Circuit: State Of West Virginia, Et Al., Petitioners, V. U.S. 
Environmental Protection Agency, Et Al., Respondents.: – On Petitions For Review Of Final Action 
By The United States Environmental Protection Agency – Final Brief Of Amici Curiae Grid Experts, 
April 22 
 
M. Milligan, B. Frew, B. Kirby, M. Schuerger, K. Clark, D. Lew, P. Denholm, B. Zavadil, M. 
O'Malley, B. Tsuchida, 2015, Alternatives No More: Wind and Solar Power Are Mainstays of a 
Clean, Reliable, Affordable Grid, Power and Energy Magazine, IEEE  (Volume:13 ,  Issue: 6 ), Nov-
Dec 
 
D. Hilt, B. Kirby, K. Lutz, H. Michaels, B. Parsons, 2015, Federal Energy Regulatory Commission, 
Petitioner v. Electric Power Supply Association, et. al.: Brief of Grid Engineers and Experts as 
Amici Curiae in Support of Neither Party, United States Supreme Court, July 
 
M. Milligan, B. Kirby, T. Acker, M. Ahlstrom, B. Frew, M. Goggin, W. Lasher, M. Marquis, 
and D. Osborn, 2015, Review and Status of Wind Integration and Transmission in the United States: 
Key Issues and Lessons Learned, NREL/TP-5D00-61911, March 
 
B. Kirby, 2014, Potential New Ancillary Services: Developments of Interest to Generators, 
PowerGen 2014, December 
 
B. Kirby, 2014, Selling Power System Flexibility: Ancillary Service and Real-Time Energy Market 
Challenges for Storage, ASME 2014 Dynamic Systems and Control Conference, October 
 
S. Nolan, D. Burke, H. Wajahat Qazi, D, Flynn, M. O’Malley, J. Kiviluoma, B. Kirby, M. Hummon, 
M. Milligan, 2014, Synergies between Wind and Solar Generation and Demand Response, IEA 25 
 
B. Kirby, E. Ela, and M. Milligan, 2014, Chapter 7, Analyzing the Impact of Variable Energy 
Resources on Power System Reserves. In L. Jones, (Ed.), Renewable Energy Integration: Practical 
Management of Variability, Uncertainty, and Flexibility in Power Grids, London: Elsevier 
 
V. Koritarov, T. Veselka, J. Gasper, B. Bethke, A. Botterud, J. wang, M. Mahalik, Z. Zhou, C. 
Milosat, J. Feltes, Y. Kazachkov, T. Guo, G. Liu, B. Trouille, P. Donalek, K. King, E. Ela, B. Kirby, 
I. Krad, V. Gevorgian, 2014, Modeling and Analysis of Value of Advanced Pumped Storage 
Hydropower in the United States, ANL/DIS-14/7, June  
 
Ela, E.; Gevorgian, V.; Tuohy, A.; Kirby, B.; Milligan, M.; O'Malley, M., 2014, Market Designs for 
the Primary Frequency Response Ancillary Service—Part I: Motivation and Design, Power Systems, 
IEEE Transactions on , vol.29, no.1, pp.421,431, January 
 
Ela, E.; Gevorgian, V.; Tuohy, A.; Kirby, B.; Milligan, M.; O'Malley, M., 2014, Market Designs for 
the Primary Frequency Response Ancillary Service—Part II: Case Studies, Power Systems, IEEE 



Brendan J. Kirby                                               Page 4 Exhibit SACE-BJK-1 
 
Transactions on , vol.29, no.1, pp.432,440, January 
 
B. Kirby, 2013, The Value of Flexible Generation, PowerGen 2013, November 
 
P. Denholm, J. Jorgenson, M. Hummon, D. Palchak, B. Kirby, O. Ma, M. O'Malley, 2013, The 
Impact of Wind and Solar on the Value of Energy Storage, NREL/TP-6A20-60568, November 
 
D. Bhatnagar, A. B. Currier, J. Hernandez, O. Ma, B. Kirby, 2013, Market and Policy Barriers for 
Energy Storage Deployment, SAND2013-7606, September 
 
M. Hummon, P. Denholm, J. Jorgenson, D. Palchak, B. Kirby, O. Ma, 2013, Fundamental Drivers of 
the Cost and Price of Operating Reserves, NREL/TP-6A20-58491, July 
 
O. Ma, N. Alkadi, P. Cappers, P. Denholm, J. Dudley, S. Goli, M. Hummon, S. Kiliccote, J. 
MacDonald, N. Matson, D. Olsen, C. Rose, M. Sohn, M. Starke, B. Kirby, M. O’Malley, 2013, 
Demand Response for Ancillary Services, IEEE Transactions on Smart Grid 
 
E. Ela, B. Kirby, A. Botterud, C. Milostan, I. Krad, V. Koritarov, 2013, The Role of Pumped Storage 
Hydro Resources in Electricity Markets and System Operation, NREL/CP-5500-58655, 
HydroVision, May 
 
P. Denholm, J. Jorgenson, M. Hummon, T. Jenkin, D. Palchak, B. Kirby, O. Ma, M. O’Malley, 
2013, The Value of Energy Storage for Grid Applications, NREL/TP-6A20-58465, May 
 
M. Milligan, K. Clark, J. King, B. Kirby, T. Guo, G. Liu, 2013, Examination of Potential Benefits of 
an Energy Imbalance Market in the Western Interconnection, NREL/TP-5500-57115, March 
 
B. Kirby, D. Brooks, 2013, Joint TVA EPRI Evaluation of Steel Arc Furnace Regulation Impacts 
and Potential Innovative Mitigation Solutions: Phase I, EPRI, Palo Alto, CA: 2013. 3002000181, 
January 
 
B. Kirby, 2012, Co-Optimizing Energy and Ancillary Services from Energy Limited Hydro and 
Pumped Storage Plants, EPRI, HydroVision, July 
 
Ela, E.; Kirby, B.; Navid, N.; Smith, J. C., 2012, Effective Ancillary Services Market Designs on 
High Wind Power Penetration Systems, Proceedings of the 2012 IEEE Power and Energy Society 
General Meeting, July 
 
L. Schwartz, K. Porter, C. Mudd, S. Fink, J. Rogers, L. Bird, L. Schwartz, M. Hogan, D. Lamont, B. 
Kirby, 2012, Meeting Renewable Energy Targets in the West at Least Cost: The Integration 
Challenge, Western Governors’ Association, June 
 
J. King, B. Kirby, M Milligan, S Beuning, 2012, Operating Reserve Reductions From a Proposed 
Energy Imbalance Market With Wind and Solar Generation in the Western Interconnection, 



Brendan J. Kirby                                               Page 5 Exhibit SACE-BJK-1 
 
NREL/TP-5500-54660, May 
 
M. Milligan, B. Hodge, B. Kirby, C. Clark, 2012, Integration Costs: Are They Unique to Wind and 
Solar Energy?, NREL/TP-5500-54905, May 
 
E. Ela, M. Milligan, B. Kirby, A. Tuohy, D. Brooks, 2012, Alternative Approaches for Incentivizing 
the Frequency Responsive Reserve Ancillary Service, NREL Report No. NREL/TP-5500-54393, 
March 
 
J. C. Smith, B. Kirby, K. Porter, R. Zavadil, 2012, China Renewable Energy Scale-up Program 
Phase II Preparation: Integration Study Task Descriptions, World Bank, February 
 
B. Kirby, M.J. O’Malley, O. Ma, P. Cappers, D. Corbus, S. Kiliccote,  O. Onar, M. Starke, and D. 
Steinberg, Load participation in Ancillary Services: Workshop Report, Department of Energy, USA, 
2011 
 
M. Lauby, M. Ahlstrom, D. Brooks, S. Beuning, J. Caspary, W. Grant, B. Kirby, M. Milligan, M. 
O’Malley, M. Patel, R. Piwko, P. Pourbeik, D. Shirmohammadi, J. C. Smith, 2011, Balancing Act, 
IEEE Power and Energy Magazine, November/December 
 
J. King, B. Kirby, M. Milligan, S. Beuning, 2011, Flexibility Reserve Reductions from an Energy 
Imbalance Market with High Levels of Wind Energy in the Western Interconnection, NREL/TP-
5500-52330, November 
 
M. Milligan, E. Ela, B. Hodge, D. Lew, B. Kirby, C. Clark, J. DeCesaro, K. Lynn, 2011, Integration 
of Variable Generation, Cost-Causation, and Integration Costs, Electricity Journal, November 
 
M. Milligan, J. King, B. Kirby, S. Beuning, 2011, Impact of Alternative Dispatch Intervals on 
Operating Reserve Requirements for Variable Generation, NREL Report No. CP-5500-52506. 
Aarhus, Denmark, October 
 
M. Milligan, B. Kirby, J. King, S. Beuning, 2011, Operating Reserve Implication of Alternative 
Implementations of an Energy Imbalance Service on Wind Integration in the Western 
Interconnection, NREL Report No. CP-5500-51343 
 
D. Brooks, A. Tuohy, S. Deb, S. Jampani, B. Kirby, J. King, 2011, DOE: Integrating Midwest Wind 
Energy into Southeast Electricity Markets, EPRI DE-EE0001377, October 
 
E. Ela, M. Milligan, B. Kirby, 2011, Operating Reserves and Variable Generation, NREL/TP-5500-
51978, August 
 
M. Milligan, E. Ela, B. Hodge, B. Kirby, D. Lew, C. Clark, J. DeCesaro, and K. Lynn, 2011, Cost-
Causation and Integration Cost Analysis for Variable Generation, NREL/TP-5500-51860, June 
 



Brendan J. Kirby                                               Page 6 Exhibit SACE-BJK-1 
 
J. C. Smith, S. Beuning, H. Durrwachter, E. Ela, D. Hawkins, B. Kirby, W. Lasher, J. Lowell, K. 
Porter, K. Schuyler, P. Sotkiewicz, 2010, The Wind at Our Backs: The Impact of Variable 
Renewable Energy on U.S. Electricity Markets, IEEE Power and Energy Magazine, pp. 63-71 
 
B. Kirby, M. Milligan, E. Ela, 2010, Providing Minute-to-Minute Regulation from Wind Plants, 9th 
International Workshop on Large-Scale Integration of Wind Power, October 
 
M. Milligan, B. Kirby, J. King, S. Beuning, 2010, Benefit of Regional Energy Balancing Service on 
Wind Integration in the Western Interconnection of the United States, 9th International Workshop on 
Large-Scale Integration of Wind Power, October 
 
M. Milligan, et al, Operating Reserves and Wind Power Integration: An International Comparison, 
9th International Workshop on Large-Scale Integration of Wind Power, October 
 
M. Milligan and B. Kirby, 2010, Market Characteristics for Efficient Integration of Variable 
Generation in the Western Interconnection, NREL/TP-550-48192, August 
 
M. Milligan, B. Kirby, J. King, S. Beuning, 2010, Potential Reductions in Variability with 
Alternative Approaches to Balancing Area Cooperation with High Penetrations of Variable 
Generation, NREL/MP-550-48427, August 
 
J. Smith, S. Beuning, H. Durrwachter, E. Ela, D. Hawkins, B. Kirby, W. Lasher, J. Lowell, K. 
Porter, K. Schuyler, P. Sotkiewicz, 2010, Impact of Variable Renewable Energy on US Electricity 
Markets, IEEE PES, July 
 
E. Ela, B. Kirby, E. Lannoye, M. Milligan, D. Flynn, B. Zavadil, M. O’Malley, 2010, Evolution of 
Operating Reserve Determination in Wind Power Integration Studies, IEEE PES, July 
 
B. Kirby and M. Milligan, 2010, Utilizing Load Response for Wind and Solar Integration and Power 
System Reliability, WindPower 2010 
 
M. Milligan, B. Kirby, and S. Beuning, 2010, Combining Balancing Areas’ Variability: Impacts on 
Wind Integration in the Western Interconnection, WindPower 2010 
 
P. Denholm, E. Ela, B. Kirby, and M. Milligan, 2010, The Role of Energy Storage with Renewable 
Electricity Generation, NREL/TP-6A2-47187, January 
 
L. Kirsch and B. Kirby, 2009, Screening Demand Response as a Distribution Resource:  Case 
Studies. EPRI Reports #1017900, December 
 
L. Kirsch and B. Kirby, 2009, Screening Demand Response as a Transmission Resource. EPRI 
Reports #1017896, December 
 
M. Milligan, K. Porter, E. DeMeo, P. Denholm, H. Holttinen, B. Kirby, N. Miller, A. Mills, 



Brendan J. Kirby                                               Page 7 Exhibit SACE-BJK-1 
 
M. O’Malley, M. Schuerger, and L., 2009, Wind Power Myths Debunked, IEEE Power and Energy, 
November/December 
 
B. Kirby, M. Milligan, 2009, Capacity Requirements to Support Inter-Balancing Area Wind 
Delivery, NREL/TP-550-46274, July 
 
M. Milligan, B. Kirby, R. Gramlich, M. Goggin, 2009, Impact of Electric Industry Structure on High 
Wind Penetration Potential, NREL/TP-550-46273, July 2009 
 
M. Milligan, B. Kirby, 2009, Calculating Wind Integration Costs: Separating Wind Energy Value 
from Integration Cost Impacts, NREL/TP-550-46275, July 
 
B. Kirby, M. Starke, S. Adhikari, 2009, NYISO Industrial Load Response Opportunities: Resource 
and Market Assessment, New York State Energy Research and Development Authority, Oak Ridge 
National Laboratory, June 
 
NERC, 2009, Accommodating High Levels of Variable Generation, North American Electric 
Reliability Corporation, http://www.nerc.com/files/IVGTF_Report_041609.pdf, April 
 
D. Todd, M. Caulfield, B. Helms of ALCOA, M. Starke, B. Kirby, J. Kueck of ORNL, 2009, 
Providing Reliability Services through Demand Response: A Preliminary Evaluation of the Demand 
Response Capabilities of Alcoa Inc., ORNL/TM 2008/233, Oak Ridge National Laboratory, January 
 
L. Kirsch and B. Kirby, Utilization of Energy Efficiency and Demand Response as Resources for 
Transmission and Distribution Planning, EPRI Reports #1016360 
 
L. Kirsch and B. Kirby, Integration of Energy Efficiency and Demand Response Into Distribution 
Planning Processes. EPRI Reports #1015985 
 
L. Kirsch and B. Kirby, Integration of Energy Efficiency and Demand Response Into Transmission 
Planning Processes. EPRI Reports #1016093 
 
B. Kirby, J. Kueck, T. Laughner, K. Morris, 2008, Spinning Reserve from Hotel Load Response, 
Electricity Journal, Dec., 2008, Vol. 21, Issue 10 
 
B. Kirby, J. Kueck, T. Laughner, K. Morris, 2008, Spinning Reserve from Hotel Load Response: 
Initial Progress, ORNL/TM 2008/217, Oak Ridge National Laboratory, October 
 
B. Kirby, M. Milligan, 2008, An Examination of Capacity and Ramping Impacts of Wind Energy on 
Power Systems, Electricity Journal, Aug./Sept. 2008, Vol. 21, Issue 7 
 
H. Holttinen, M. Milligan, B. Kirby, T. Acker, V. Neimane, T. Molinski, 2008, Using Standard 
Deviation as a Measure of Increased Operational Reserve Requirement for Wind Power, Wind 
Engineering, Volume 32, No. 4 



Brendan J. Kirby                                               Page 8 Exhibit SACE-BJK-1 
 
 
B. Kirby, M. Milligan, 2008, The Impact of Balancing Area Size, Obligation Sharing, and Energy 
Markets on Mitigating Ramping Requirements in Systems with Wind Energy, Wind Engineering 
Volume 32, No. 4 
 
M. Milligan, B. Kirby, 2008, The Impact of Balancing Area Size and Ramping Requirements on 
Wind Integration, Wind Engineering Volume 32, No. 4 
 
B. Kirby, M. Milligan, 2008, Examination of Capacity and Ramping Impacts of Wind Energy on 
Power Systems, NREL/TP-500-42872, July 
 
E. Ela and B. Kirby, 2008, ERCOT Event on February 26, 2008: Lessons Learned, NREL/TP-500-
43373, July 
 
M. Milligan, B. Kirby, 2008, Analysis of Sub-Hourly Ramping Impacts of Wind Energy and 
Balancing Area Size, WindPower 2008, NREL/CP-500-43434, June 
 
K. Dragoon, B. Kirby, M. Milligan, 2008, Do Wind Forecasts Make Good Generation Schedules?, 
WindPower 2008, NREL/CP-500-43507, June 
 
B. Kirby, M. Milligan, 2008, Facilitating Wind Development: The Importance of Electric Industry 
Structure, The Electricity Journal, Volume 21, Issue 3, April, and National Renewable Energy Lab, 
NREL/TP-500-43251, May 
 
R. Zavadil, N. Miller, A. Ellis, E. Muljadi, E. Camm, and, B. Kirby, 2007, Queuing Up, IEEE Power 
& Energy Magazine, Volume 5, Number 6, November/December 
 
B. Kirby, K. Porter, 2007, Increasing Renewable Resources: How ISOs and RTOs are Helping Meet 
This Public Policy Objective, ISO/RTO Council, October 
 
D. Brooks, B. Kirby, A. Del Rosso, 2007, Utilization of Energy Efficiency and Demand Response as 
Resources for Transmission and Distribution Planning: Current Utility Practices and 
Recommendations for Increasing Opportunities as T&D Alternatives. EPRI, Palo Alto, CA 
 
B. Kirby, J. Kueck, H. Leake, M. Muhlheim, 2007, Nuclear Generating Stations and Transmission 
Grid Reliability, North American Power Symposium, September 
 
B. Kirby, 2007, Ancillary Services: Technical and Commercial Insights, Wärtsilä North America 
Inc., June 
 
M. Milligan, B. Kirby, 2007, The Impact of Balancing Areas Size, Obligation Sharing, and Ramping 
Capability on Wind Integration, American Wind Energy Association, WindPower 2007, June 
 
Y. Wan, M. Milligan, B. Kirby, 2007, Impact of Energy Imbalance Tariff on Wind Energy, 



Brendan J. Kirby                                               Page 9 Exhibit SACE-BJK-1 
 
American Wind Energy Association, WindPower 2007, June 
 
B. Kirby, 2007, Load Response Fundamentally Matches Power System Reliability Requirements, 
IEEE Power Engineering Society General Meeting, June 
 
G. Heffner, C. Goldman, B. Kirby, M. Kintner-Meyer, 2007, Loads Providing Ancillary Services: 
Review of International Experience, ORNL/TM 2007/060, Oak Ridge National Laboratory, May 
 
J. Eto, J. Nelson-Hoffman, C. Torres, S. Hirth, B. Yinger, J. Kueck, B. Kirby, C. Bernier, R. Wright, 
A. Barat, C. Energy, D. Watson, 2007, Demand Response Spinning Reserve Demonstration, LBNL-
62761, Ernest Orlando Lawrence Berkeley National Laboratory, May 
 
B. Kirby, 2007, Evaluating Transmission Costs and Wind Benefits in Texas: Examining the ERCOT 
CREZ Transmission Study, The Wind Coalition and Electric Transmission Texas, LLC, Texas PUC 
Docket NO. 33672, April 
 
B. Kirby, 2006, Demand Response For Power System Reliability: FAQ, ORNL/TM 2006/565, Oak 
Ridge National Laboratory, December 
 
J. Kueck, B. Kirby, T. Rizy, F. Li, N. Fall, 2006, Economics of Reactive Power Supply from 
Distributed Energy Resources, Electricity Journal, December 
 
B. Kirby, 2006, The Role of Demand Resources In Regional Transmission Expansion Planning and 
Reliable Operations, ORNL/TM 2006/512, Oak Ridge National Laboratory, July 
 
B. Kirby, M. Milligan, E. Wan, 2006, Cost-Causation-Based Tariffs for Wind Ancillary Service 
Impacts, American Wind Energy Association, WindPower 2006, June 
 
M. Milligan, H. Shiu, B. Kirby, K. Jackson, 2006, A Multi-year Analysis of Renewable Energy 
Impacts in California: Results from the Renewable Portfolio Standards Integration Cost Analysis, 
American Wind Energy Association, WindPower 2006, June 
 
H. Shiu, M. Milligan, B. Kirby, K. Jackson, 2005, California Renewables Portfolio Standard 
Renewable Generation Integration Cost Analysis: Multi-Year Analysis Results And 
Recommendations, The California Energy Commission, December 
 
B. Kirby, M. Milligan, 2005, A Method and Case Study for Estimating The Ramping Capability of a 
Control Area or Balancing Authority and Implications for Moderate or High Wind Penetration, 
American Wind Energy Association, WindPower 2005, May 
 
B. Kirby, 2004, Frequency Regulation Basics and Trends, ORNL/TM 2004/291, Oak Ridge 
National Laboratory, December 
 
J. Kueck, B. Kirby, L. Tolbert, T. Rizy, 2004, Voltage Regulation: Tapping Distributed Energy 



Brendan J. Kirby                                               Page 10 Exhibit SACE-BJK-1 
 
Resources, Public Utilities Fortnightly, September 
 
B. Kirby, M. Milligan, Y. Makarov, J. Lovekin, K. Jackson, H. Shiu, 2004, California RPS 
Integration Cost Analysis-Phase III: Recommendations for Implementation, California Energy 
Commission, July 
 
J. Kueck, B. Kirby, 2004, Measurement Practices for Reliability and Power Quality, ORNL/TM-
2004/91, Oak Ridge National Laboratory, June 
 
J. Kueck, B. Kirby, 2004, Demand Response Research Plan to Reflect the Needs of the California 
Independent System Operator, ORNL/TM 2004/2, Oak Ridge National Laboratory, January 
 
B. Kirby, E. Hirst, 2003, Allocating the Costs of Contingency Reserves, The Electricity Journal, 
Volume 16, Issue 10, pg 39-47, December 
 
B. Kirby, M. Milligan, Y. Makarov, D. Hawkins, K. Jackson, H. Shiu, 2003, California RPS 
Integration Cost Analysis-Phase I: One Year Analysis of Existing Resources, California Energy 
Commission, December 
 
B. Kirby, J. Kueck, 2003, Spinning Reserve from Pump Load: A Technical Findings Report to the 
California Department of Water Resources, ORNL/TM 2003/99, Oak Ridge National Laboratory, 
November 
 
E. Hirst, B. Kirby, 2003, Water Heaters to the Rescue: Demand Bidding in Electric Reserve 
Markets, Public Utilities Fortnightly, September 
 
R. Cowart, J. Raab, C. Goldman, R. Weston, J. Schlegel, R. Sedano, J. Lazar, B. Kirby, E. Hirst, 
2003, Dimensions of Demand Response: Capturing Customer Based Resources in New England’s 
Power Systems and Markets. Report and Recommendations of the New England Demand Response 
Initiative, New England Demand Response Initiative, July 
 
B. Parsons, M. Milligan, R. Zavadil, D. Brooks, B. Kirby, K. Dragoon, J. Caldwell, 2003, Grid 
Impacts of Wind Power: A Summary of Recent Studies in the United States, EWEC Wind Energy 
Journal, June 
 
E. Hirst, B. Kirby, 2003, Allocating Costs of Ancillary Services: Contingency Reserves and 
Regulation, ORNL/TM 2003/152, Oak Ridge National Laboratory, Oak Ridge TN, June  
 
J. D. Kueck, B. J. Kirby, 2003, The Distribution System of the Future, The Electricity Journal, June 
 
B. Kirby, E. Hirst, 2003, Technical Issues Related To Retail-Load Provision of Ancillary Services, 
New England Demand Response Initiative, May 
 
E. Hirst, B. Kirby, 2003, Opportunities for Demand Participation in New England Contingency-



Brendan J. Kirby                                               Page 11 Exhibit SACE-BJK-1 
 
Reserve Markets, New England Demand Response Initiative, May 
 
J. Kueck, R. Staunton, B. Kirby, 2003, Microgrids and Demand Response: How Software Controls 
Can Bridge The Gap Between Wholesale Market Prices and Consumer Behavior,  Public Utility 
Fortnightly, May 15  
 
B. Kirby, 2003, Spinning Reserve From Responsive Loads, ORNL/TM 2003/19, Oak Ridge National 
Laboratory, Oak Ridge TN, March 
 
J. D. Kueck, R.H. Staunton, S. D. Labinov, B.J. Kirby, 2003, Microgrid Energy Management 
System, ORNL/TM 2002/242, Oak Ridge National Laboratory, Oak Ridge TN, January 
 
B. Kirby, J. Dyer, C. Martinez, R. Shoureshi, R. Dagle, 2002,Frequency Control Concerns In The 
North American Electric Power System, ORNL/TM 2003/41, Oak Ridge National Laboratory, Oak 
Ridge TN, December 
 
B. Kirby, M. Ally, 2002, Spinning Reserves from Controllable Packaged Through the Wall Air 
Conditioner (PTAC) Units, ORNL/TM 2002/286, Oak Ridge National Laboratory, Oak Ridge TN, 
November 
 
B. Kirby, R. Staunton, 2002, Technical Potential For Peak Load Management Programs in New 
Jersey, Oak Ridge National Laboratory, Oak Ridge TN, November 
 
R. Lee, S. Hadley, C. Liu and B. Kirby, 2002, Electricity Transmission Congestion in The U.S., Oak 
Ridge National Laboratory, Oak Ridge TN, June 
 
B. Kirby, J. Van Dyke, C. Martinez and A. Rodriguez, 2002, Congestion Management 
Requirements, Methods and Performance Indices, ORNL/TM-2002, Oak Ridge National 
Laboratory, Oak Ridge TN, June 
 
B. Kirby and E. Hirst, 2002, Reliability Management and Oversight, U.S. Department of Energy 
National Transmission Grid Study, May 
 
E. Hirst and B. Kirby, 2002, Transmission Planning and the Need for New Capacity, U.S. 
Department of Energy National Transmission Grid Study, May 
 
J. Kueck, B. Kirby and L. Markel, 2002, Best Practices For Distribution – Phase 2 Report – A 
Toolkit of Noteworthy Reliability Measurement Practices, Oak Ridge National Laboratory, Oak 
Ridge TN, March 
 
B. Kirby and J. Kueck, 2002, Re Electricity Costs: How Savvy Building Owners Can Save, Strategic 
Planning for Energy and the Environment, Vol. 21, No. 3 
 
W. P. Poore, T. K. Stovall, B. J. Kirby, D. T. Rizy, J. D. Kueck, and J. P. Stovall, 2002, Connecting 



Brendan J. Kirby                                               Page 12 Exhibit SACE-BJK-1 
 
Distributed Energy Resources to the Grid: Their Benefits to the DER Owner/customer, the Utility, 
and Society, ORNL/TM-2001/290, Oak Ridge National Laboratory, Oak Ridge TN, February 
 
J. Eto, C. Goldman, G. Heffner, B. Kirby, J. Kueck, M. Kintner-Meyer, J. Dagle, T. Mount, W. 
Schultze, R. Thomas, R. Zimmerman, 2002, Innovative Developments in Load as a Reliability 
Resource, IEEE Power Engineering Society, February 
 
R. Staunton, J Kueck, B. Kirby, J. Eto 2001, Demand response: An Overview of Enabling 
Technologies, Public Utilities Fortnightly, November 
 
B. Kirby 2001, Restructured Electricity Markets Offer Increased Complexities and Opportunities for 
Cogeneration, Cogeneration and Competitive Power Journal, fall 
 
E. Hirst and B. Kirby 2001, Key Transmission Planning Issues, The Electricity Journal, October 
 
C. R. Hudson, B. J. Kirby, J. D. Kueck, R. H. Staunton 2001, Industrial Use of Distributed 
Generation in Real-Time Energy and Ancillary Service Markets, ORNL/TM-2001/136, Oak Ridge 
National Laboratory, Oak Ridge TN, September 
 
E. Hirst and B. Kirby 2001, Transmission Planning: Weighing Effects on Congestion Costs, Public 
Utility Fortnightly, July 
 
J. D. Kueck, B. J. Kirby, J. Eto, R. H. Staunton, C. Marnay, C. A. Martinez, C. Goldman 2001, Load 
as a Reliability Resource in Restructured Electricity Markets, ORNL/TM-2001/97, Oak Ridge 
National Laboratory, Oak Ridge TN, June 
 
E. Hirst and B. Kirby 2001, Transmission Planning for a Restructuring U.S. Electricity Industry, 
Edison Electric Institute, Washington, DC, June 
 
R. Hudson, B. Kirby, Y. Wan 2001, Regulation Requirements for Wind Generation Facilities, 
American Wind Energy Association, June 
 
B. Kirby and E. Hirst 2001, Real-Time Performance Metrics for Generators Providing the 
Regulation Ancillary Service, The Electricity Journal, April 
 
E. Hirst and B. Kirby 2001, Metering, Communications and Computing for Price-Responsive 
Demand Programs, April 
 
B. Kirby and E. Hirst 2001, Using Five-Minute Data to Allocate Load-Following and Regulation 
Requirements Among Individual Customers, ORNL/TM-2001-13, Oak Ridge National Laboratory, 
Oak Ridge TN, January 
 
J. Eto, C. Marnay, C. Goldman, J. Kueck, B. Kirby, J. Dagle, F. Alverado, T. Mount, S. Oren, C. 
Martinez, 2001, An R&D Agenda to Enhance Electricity System Reliability by Increasing Customer 



Brendan J. Kirby                                               Page 13 Exhibit SACE-BJK-1 
 
Participation in Emerging Competitive Markets, DE-AC03-76SF00098. Power Engineering Society 
Winter Meeting, 2001. IEEE, Volume: 1, January 
 
E. Hirst and B. Kirby 2001, Measuring Generator Performance in Providing Regulation and Load-
Following Ancillary Services, ORNL/TM-2000-383, Oak Ridge National Laboratory, Oak Ridge 
TN, January 
 
E. Hirst, B. Kirby, 2001, Real-Time Balancing Operations and Markets: Key to Competitive 
Wholesale Electricity Markets, January 
 
E. Hirst and B. Kirby 2000, Retail-Load Participation in Competitive Wholesale Electricity Markets, 
Edison Electric Institute, Washington, DC, and Project for Sustainable FERC Energy Policy, 
Alexandria, VA, Dec 
 
J. Cadogan, M. Milligan, Y. Wan, and B. Kirby 2000, Short Term Output Variations in Wind Farms 
- Implications for Ancillary Services in the United States, October 
 
B. Kirby and J. Kueck 2000, How Buildings Can Prosper By Interacting With Restructured 
Electricity Markets, ACEEE, August 
 
B. Kirby and E. Hirst 2000, Pricing Ancillary Services so Customers Pay for What They Use, EPRI, 
July 
 
E. Hirst and B. Kirby 2000, Time-Averaging Period for the Regulation Ancillary Service, IEEE 
Power Engineering Review, July 
 
M. Gallaher, S. Johnston, and B. Kirby 2000, Changing Measurement and Standards Needs in a 
Deregulated Electric Utility Industry, National Institute of Standards & Technology, May 
 
B. Kirby 2000, Restructured Electricity Markets Offer Increased Complexity and Increased 
Opportunities, Association of Energy Engineers, Globalcon 2000, April 
 
B. Kirby and E. Hirst 2000, Bulk-Power Reliability and Commercial Implications of Distributed 
Resources, NARUC, April 
 
B. Kirby and T. Key 2000, Technical Evaluation of Operational and Ownership Issues of 
Distributed Generation, Office of Ratepayer Advocates, California Public Utility Commission, 
Rulemaking 99-10-025, April 
 
E. Hirst and B. Kirby 2000, Bulk-Power Basics: Reliability and Commerce, The Regulatory 
Assistance Project, Gerdiner, ME, March 
 
B. Kirby and J. Kueck 2000, Review of the Structure of Bulk Power Markets, ORNL/TM-2000/41, 
Oak Ridge National Laboratory, Oak Ridge TN, January 



Brendan J. Kirby                                               Page 14 Exhibit SACE-BJK-1 
 
 
B. Kirby and E. Hirst 2000, Customer-Specific Metrics for The Regulation and Load-Following 
Ancillary Services, ORNL/CON-474, Oak Ridge National Laboratory, Oak Ridge TN, January. 
 
E. Hirst and B. Kirby 2000, Ancillary Services: A Call for Fair Prices, Public Utilities Fortnightly, 
January 
 
M. Milligan, D. Lew, B. Hodge, B. Kirby, E. Ela, Y. Wan, D. Corbus 2000, Operational Analysis 
and Methods for Wind Integration Studies, IEEE Transactions on Sustainable Energy 
 
B. Kirby and N. Lenssen 1999, Shifting the Balance of Power: Grid Interconnection of Distributed 
Generation, E Source, The Distributed Energy Series, Boulder, Colorado, October 
 
B. Parsons, Y. Wan, B. Kirby, 1999, Wind Farm Power Fluctuations, Ancillary Services, And 
System Operating Impact Analysis Activities In The United States, National Renewable Energy 
Laboratory, Golden CO, July 
 
E. Hirst, B. Kirby and S. Hadley 1999, Generation and Transmission Adequacy in a Restructuring 
U.S. Electricity Industry, Edison Electric Institute, Washington, DC, June 
 
B. Ernst, Y. Wan and B. Kirby 1999, Short-term Power Fluctuation of Wind Turbines: Looking at 
Data from the German 250 Mw Measurement Program from the Ancillary Services Viewpoint, 
American Wind Energy Association Windpower ‘99 Conference, Washington, DC, June 
 
B. Kirby and E. Hirst 1999, Load as a resource in Providing Ancillary Services, American Power 
Conference, Chicago, Illinois, April 
 
B. Kirby and E. Hirst 1999, Maintaining System Black Start in Competitive Bulk-Power Markets, 
American Power Conference, Chicago, Illinois, April 
 
E. Hirst and B. Kirby 1999, What is System Control, American Power Conference, Chicago, Illinois, 
April 
 
E. Hirst and B. Kirby 1999, Technical and Market Issues for Operating Reserves, The Electricity 
Journal, March 
 
B. Kirby and E. Hirst 1999, New Blackstart Standards Needed for Competitive Markets, IEEE 
Power Engineering Review, Vol. 19, No. 2, pp9, February 
 
E. Hirst and B. Kirby 1999, Does Block Scheduling Waste Money?, Electrical World, 
January/February 
 
E. Hirst and B. Kirby 1998, Operating Reserves and Bulk-Power Reliability, Energy International 
Journal, Vol. 23, No. 11, pp. 949-959 



Brendan J. Kirby                                               Page 15 Exhibit SACE-BJK-1 
 
 
B. Kirby and E. Hirst, 1998, Generator Response to Intrahour Load Fluctuations, IEEE 
Transactions on Power Systems, Vol 13 #4, PE-627-PWRS-0-12-1997, November 
 
E. Hirst and B. Kirby, 1998, Defining Intra- and Interhour Load Swings, IEEE Transactions on 
Power Systems, Vol 13 #4, PE-628-PWRS-0-12-1997, November 
 
E. Hirst and B. Kirby, 1998, The Functions, Metrics, Costs, and Prices for Three Ancillary Services, 
Edison Electric Institute, Economics Department, October 
 
B. J. Kirby, J. D. Kueck, A. B. Poole 1998, Evaluation of the Reliability of the Offsite Power Supply 
as a Contributor to Risk of Nuclear Plants, ORNL/NRC/LTR/98-12, Oak Ridge National 
Laboratory, Oak Ridge TN, August. 
 
E. Hirst and B. Kirby 1998, Ancillary Services: The Forgotten Issue, Electric Perspectives, July-
August 
 
B. Kirby, E. Hirst 1998, Voltage Control In A Changing US Electricity Industry, Utilities Policy, Vol 
7, No. 2, June 
 
E. Hirst and B. Kirby 1998, Simulating the Operation of Markets for Bulk-Power Ancillary Services, 
The Energy Journal, Vol. 19, No. 3 
 
E. Hirst and B. Kirby 1998, Creating Markets for Ancillary Services, Pricing Energy in a 
Competitive Market, EPRI, June 
 
E. Hirst and B. Kirby 1998, Maintaining Reliability in a Restructured Industry, Public Power, May-
June 
 
B. Kirby and E. Hirst 1998, Characteristics of Concern in Supplying, Consuming, and Measuring 
Ancillary Services, The Future of Power Delivery in the 21st Century, The Electric Power Research 
Institute, Palo Alto, California, May 
 
E. Hirst and B. Kirby 1998, Ancillary Services: The Neglected Feature of Bulk-Power Markets, The 
Electricity Journal, April. 
 
E. Hirst and B. Kirby 1998, Unbundling Generation and Transmission Services for Competitive 
Electricity Markets, ORNL/CON-454, Oak Ridge National Laboratory, Oak Ridge TN, January. 
 
E. Hirst and B. Kirby 1998, Unbundling Generation and Transmission Services for Competitive 
Electricity Markets: Examining Ancillary Services, The National Regulatory Research Institute, 
January. 
 
B. Kirby and E. Hirst 1997, Ancillary-Service Details: Voltage Control, ORNL/CON-453, Oak 



Brendan J. Kirby                                               Page 16 Exhibit SACE-BJK-1 
 
Ridge National Laboratory, Oak Ridge TN, December. 
 
E. Hirst and B. Kirby 1997, Cutting Electricity Costs for Industrial Plants in a Real-Time World, 
Public Utilities Fortnightly, December. 
 
E. Hirst and B. Kirby 1997, Ancillary-Service Details: Operating Reserves, ORNL/CON-452, Oak 
Ridge National Laboratory, Oak Ridge TN, November. 
 
E. Hirst and B. Kirby 1997. Ancillary Services: The Neglected Feature of Bulk-Power Markets, 
Electricity Journal 
 
E. Hirst and B. Kirby 1997, Creating Competitive Markets for Ancillary Services, ORNL/CON-448, 
Oak Ridge National Laboratory, Oak Ridge TN, October. 
 
B. Kirby, E. Hirst, B. Parsons, K. Porter, and J. Codagan, 1997, Electric Industry Restructuring, 
Ancillary Services, and the Potential Impact on Wind, American Wind Energy Association, June 
 
E. Hirst and B. Kirby, 1997, Dynamic Scheduling Can Enable Competitive Markets, Public Utility 
Fortnightly, April, 15 
 
E. Hirst and B. Kirby, 1997, Ancillary-Service Details: Dynamic Scheduling, ORNL/CON-438, Oak 
Ridge National Laboratory, Oak Ridge TN, January 
 
E. Hirst and B. Kirby 1996, Costs for Electric-Power Ancillary Services, Electricity Journal, Volume 
9, Number 10, December. 
 
E. Hirst and B. Kirby 1996, Ancillary-Service Details: Regulation, Load Following, and Generator 
Response, ORNL/CON-433, Oak Ridge National Laboratory, Oak Ridge, TN, September. 
 
B. Kirby and E. Hirst 1996, Unanswered Questions Ancillary Services, Electric Perspectives, July-
August 
 
B. Kirby and E. Hirst 1996, Unbundling Electricity: Ancillary Services, IEEE Power Engineering 
Review, June 
 
B. Kirby and E. Hirst 1996, Ancillary Services and the use of FACTS Devices, The Future of Power 
Delivery Conference, EPRI, April 
 
B. Kirby and E. Hirst 1996, Ancillary-Services Costs for Twelve U.S. Electric Utilities, ORNL/CON-
427, Oak Ridge National Laboratory, Oak Ridge, TN, March. 
 
E. Hirst and B. Kirby 1996, Electric-Power Ancillary Services, ORNL/CON-426, Oak Ridge 
National Laboratory, Oak Ridge, TN, February 
 



Brendan J. Kirby                                               Page 17 Exhibit SACE-BJK-1 
 
E. Hirst and B. Kirby 1996, Ancillary Services, American Power Conference, Chicago, Illinois, 
February 
 
B. Kirby and E. Hirst 1996, Supplemental Comments on Ancillary Services, Testimony before the 
U.S.A. Federal Energy Regulatory Commission, Washington, DC, January 
 
E. Hirst and B Kirby 1995, Devil in the Details!, the Electricity Journal, Vol. 8, Num. 10, December 
 
E. Hirst and B. Kirby 1995, Testimony Before The U.S.A. Federal Energy Regulatory Commission, 
Ancillary Services, Federal Energy Regulatory Commission, Washington, DC, June 
 
B. Kirby, E. Hirst, and J. VanCoevering 1995, Unbundling Electric Generation and Transmission 
Services, Energy, Vol. 20, No. 12, pp. 1191-1203, Elsevier Science Ltd. 
 
P. Barnes, W. Dykas, B. Kirby, S. Purucker, and J. Lawler 1995, The Integration of Renewable 
Energy Sources into Electric Power Transmission Systems, ORNL-6827, Oak Ridge National 
Laboratory, Oak Ridge, TN, June 
 
W. P. Dykas, B. J. Kirby and J. P. Stovall 1995, Superconducting Magnetic Energy Storage (SMES), 
Utility Application Study of Municipal Light & Power, Anchorage, Alaska, Draft, ORNL-6877, Oak 
Ridge National Laboratory, Oak Ridge, TN, June 
 
B. Kirby, E. Hirst, and J. VanCoevering 1995, Identification and Definition of Unbundled Electric 
Generation and Transmission Services, ORNL/CON-415, Oak Ridge National Laboratory, Oak 
Ridge, TN, March. 
 


	Kirby_Testimony__PUBLIC_DISCLOSURE
	Kirby Resume

