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Executive Summary 

Lincoln Electric System (LES) is submitting this Integrated Resource Plan (IRP) to the Western 

Area Power Administration (WAPA) on behalf of the Lincoln Cooperative. In addition to Lincoln 

Electric System, the Lincoln Cooperative also includes the University of Nebraska – Lincoln 

(UNL) and a collection of Nebraska State Agencies; the Lincoln Regional Center, Nebraska 

State Office Building, and the Nebraska State Penitentiary. 

Although this IRP includes action plans for each individual Lincoln Cooperative member, a 

primary focus is LES’ planning process, as it encompasses the load requirements and WAPA 
allocation of every member. 

Although the related analysis could lead to any array of decisions, LES knew that the following 

items would need to be decided as part of the 2017 IRP process. 

 Sustainable Energy Program (SEP) 

In order to prepare for the upcoming IRP, LES contracted with Leidos in 2015 to perform an 

in-depth analysis of the SEP. This study indicated that the SEP was probably not as 

beneficial from a demand-reduction perspective as originally thought. In addition, per recent 

load forecasts, LES found itself potentially very long on generation, diminishing the value of 

deferred resource additions via DSM programs. Taken in conjunction, it became evident 

that LES should evaluate whether to continue offering the SEP as part of this IRP process. 

 SEP Policy Decisions 

Although the Leidos study helped establish a solid foundation for evaluation of the SEP, a 

number of key policy decisions remained to be addressed by the LES Board before this 

analysis could proceed. 

 Smart Thermostat Demand Response (DR) Program 

In conjunction with the Electric Power Research Institute (EPRI), LES conducted a 

residential DR pilot over the summers of 2015 and 2016. Leveraging the results of this pilot 

project and related analysis by Leidos, LES then turned to the IRP to evaluate whether to 

proceed with a full smart thermostat-based program for the residential sector. 

 WAPA Contract 

LES’ WAPA hydroelectric contract is scheduled to expire at the end of 2020, and WAPA 
extended an offer for a 30-year extension, covering the period of 2021 – 2050, in April, 

2017. Given the timing of this offer, LES elected to analyze the potential extension as part 

of this IRP process. UNL and the Nebraska State Agencies were offered, and subsequently 

accepted, their WAPA contract extensions prior to commencing the 2017 IRP. 

LES SEP Policy Decisions 

After considering multiple options, the LES Board ultimately determined the SEP portfolio would 

be evaluated against the following pair of metrics: 

 Utility Cost Test benefit-to-cost ratio ≥ 1.0. 

 Ratepayer Impact Measure Test benefit-to-cost ratio ≥ 0.6. 

viii 
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It was also decided that related input assumptions will include a market-based value of capacity 

and a regulatory CO2 value starting at $20/ton in 2020. 

LES Resource Analysis 

In order to make informed decisions regarding the future of the WAPA contact, the SEP and the 

smart thermostat DR program, LES sought to evaluate the future value of these options against 

a wide range of other potential resources. The SEP analysis would leverage the related policy 

decisions discussed previously. 

LES utilized an EPRI software tool, the Electrical Generation Expansion Analysis System 

(EGEAS), for the analysis of the various resource alternatives. EGEAS utilizes dynamic 

programming, evaluating all possible resource combinations, to identify an optimal solution 

based on the net present value (NPV) of LES’ total production costs, including consideration for 
construction costs, operating costs and reliability constraints. In order to cover a wide range of 

possible futures, the analysis varied natural gas prices and regulatory values of CO2, producing 

a matrix of results encompassing 100 possible combinations. 

LES WAPA Contract 

The WAPA contract routinely proved to be one of the best resource options for LES over a large 

range of analyzed scenarios. EGEAS did see more benefit from other alternatives under a few 

potential futures, primarily periods of relatively high natural gas prices and CO2 costs, but it is 

important to note that WAPA would actually bring more benefit under those scenarios since it 

does not rely on natural gas for fuel and has essentially no associated CO2 emissions. Even 

when not the highest rated resource option, WAPA would almost always still serve as a valuable 

hedge against rising energy costs. 

WAPA also represents the only hydroelectric resource in LES’ generation mix, providing 
valuable diversity, and makes up a sizable portion of LES’ renewable portfolio. In addition, 
WAPA represents the somewhat rare renewable resource that inherently provides the ability to 

schedule output levels. Finally, if LES elected not to extend the WAPA agreement, it is highly 

likely that there would never be another chance to get it back, and the associated regulatory 

requirements mean it would likely prove just as difficult to replace it with new hydro resources in 

the near future. 

Based on the EGEAS analysis and the aforementioned considerations, the LES Board elected 

to exercise the contract extension. 

LES SEP 

Although the resource options analysis showed SEP to be a preferred option over only a 

modest range of future scenarios, like WAPA, it still provides a valuable hedge against the 

uncertainty of rising energy costs. From a qualitative standpoint, the SEP also brings value in 

strengthening LES’ relationships with customers and trade allies, as well as in meeting LES’ 
Sustainability Target, a goal to offset a rolling 5 years’ worth of projected demand growth with 

ix 
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renewable resources or demand-side management programs. Based on these considerations, 

LES intends to continue this existing program throughout the IRP period, featuring incentives for 

a variety of commercial and residential demand side management measures. 

LES Smart Thermostat DR Program 

The smart thermostat DR program ultimately proved too small to assess with a model built to 

evaluate large-scale generation and a full DSM program portfolio. However, LES’ pilot project, 
as well as the Leidos SEP study and associated modeling results, suggest a bring-your-own-

thermostat (BYOT) DR program can be successfully applied without major impacts to the 

benefit-cost value of the overall SEP portfolio. Based on these findings, LES plans to 

implement a full-scale, BYOT-style residential DR program in 2018. 

Other IRP Conclusions 

The IRP analysis also brought about numerous other program recommendations: 

LES Heat Pump Water Heater Evaluation 

A customer suggestion led to the analysis of a heat pump water heater measure that could 

potentially be offered as part of the SEP portfolio. The initial test results were very compelling, 

so LES now plans to take the next step, spending more time refining the model assumptions 

and gathering further knowledge regarding the device’s impacts on home comfort levels. 

LES Electric Vehicle Pilot 

A sensitivity case based around an increased saturation of electric vehicles brought to light how 

the impacts of such growth can vary based simply on when customers choose to recharge their 

batteries. In order to better assess these future impacts, LES plans to evaluate the possible 

launch of an electric vehicle pilot program, with the aim of benchmarking the charging 

characteristics and habits of LES customers. Potential program details will be determined as 

part of the evaluation process. 

UNL 

UNL will retain a continuous commissioning program on building assets to reduce energy 

consumption and will continue construction and commissioning of the Thermal Energy Storage 

tank for the City Campus, expected to be operational in 2018. UNL is also exploring operational 

efficiencies for better use of plant equipment and improved distribution. 

Nebraska State Agencies 

The Nebraska State Agencies plan to continue their support of increased energy conservation 

through equipment efficiency improvements and are investigating the feasibility of generating 

wind and solar power on the roof of the Nebraska State Office Building. 

x 
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Public Input and Interaction 

Throughout the IRP process, the Lincoln Cooperative provided multiple opportunities for public 

input and interaction, over many different platforms. This included three different public 

meetings, encompassing the span of the entire process, as well as distribution of both the draft 

and final versions of this report. Additionally, the LES website provided updated information 

about the process throughout, including both milestones already reached and decisions still to 

come. 

xi 
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1.0 Introduction 

Lincoln Electric System is submitting this Integrated Resource Plan to the Western Area Power 

Administration (WAPA) on behalf of the Lincoln Cooperative. 

The IRP process included opportunities for public input throughout, meets the WAPA 

requirements, and lays out a plan to enhance service to the Cooperative member’s customers in 

Lincoln, Nebraska. 

1 
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2.0 Lincoln Cooperative 

The Lincoln Cooperative includes the following public entities who receive power under contract 

from WAPA. 

2.1 Lincoln Electric System 

Lincoln Electric System (LES) is a publicly-owned municipal utility serving approximately 200 

square miles within Lancaster County in Nebraska, including the cities and towns of Lincoln, 

Prairie Home, Waverly, Walton, Cheney and Emerald. As of the end of 2016, LES served over 

136,000 retail customers, with a total annual consumption of over 3,200 GWh. LES set its all-

time peak load of 786 MW in August, 2011, and has approximately 480 employees. LES is also 

a member of the Southwest Power Pool (SPP) Regional Transmission Organization (RTO), 

joining on December 1, 2008. More detailed information on LES can be found at www.les.com. 

2.2 University of Nebraska – Lincoln 

The University of Nebraska - Lincoln (UNL) is a land grant college founded in 1869. UNL first 

purchased power from the Federal Government in 1966. The remainder of the power 

necessary to meet the electrical load is provided by LES as the supplemental power provider. 

The 2016 electrical peak demand and total energy consumption were about 34.0 megawatts 

(MW) and 171.1 gigawatt-hours (GWh). This usage includes service to the UNL City and East 

Campuses and the Nebraska State Capitol. More detailed information on UNL can be found at 

www.unl.edu. 

2.3 Other Nebraska State Agencies 

Lincoln Regional Center, Nebraska State Office Building, and the Nebraska State Penitentiary 

These agencies receive WAPA power under a single contract titled “Contract for Electric 

Service to Nebraska State Penitentiary load”. Total 2016 requirements were about 4.7 MW in 

peak electrical demand and 23.0 GWh in electrical energy. Their primary electrical needs are 

met by the WAPA contract and supplemental power supplied by LES. 

2.4 Cooperative Planning 

Per WAPA contracts 98-UGPR-247 and 98-UGPR-248, LES is to include each of the Lincoln 

Cooperative members’ load within its control area load forecast, regardless of whether that load 

is served by WAPA or is part of the supplemental load that is served by LES. LES is also to 

include all Lincoln Cooperative members’ WAPA generation allocations in its supply adequacy 

calculations. Although this IRP includes action plans for each individual Lincoln Cooperative 

member, a primary focus is LES’ planning process, as it encompasses the load requirements 

and WAPA allocation of every member. 

3 
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3.0 LES Load & Capability 

3.1 Existing LES Resource Portfolio 

Appendix A lists all of LES’ existing resources, detailing their nameplate rating, type, location 

and, if applicable, contractual termination date. Figure 3.1 depicts LES’ current portfolio based 

on nameplate capacity. 

Prior to commencing the resource options analysis of the IRP, the LES Board elected to end 

LES’ contract with NPPD for 30% participation in the Sheldon Station on January 1, 2018. 

Figure 3.2 depicts LES’ portfolio following this change, again on the basis of expected 

nameplate capacity in 2018. 

LES values diversity in its resource portfolio and believes this well-balanced mix positions LES 

to successfully navigate any number of plausible future scenarios. 

3.2 LES Load Forecast 

LES utilized their 2017 Long-Range Forecast of Energy Sales, Demand and Number of 

Customers, the most current version of LES’ annual forecast at the time of this analysis, to 

Renewables
33%

Natural Gas
33%

Coal
34%

Figure 3.1 LES’ 2017 nameplate portfolio. 

5 



  
 

 

  
 
    

 

         

              

           

          

       

         

 

          

           

            

       

 

                

            

           

          

      

 

  

   

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

2017 Lincoln Cooperative Integrated Resource Plan 

assess its need for future resources under the IRP.  The 2017 study leveraged a historic data 

base to refine model driven forecasts for the 2017-2046 period. LES typically produces a base 

forecast, derived from average weather data over the previous 30 years, and an extreme 

weather forecast, derived from the single calendar-year weather over the last 30 years that 

would drive the most demand and energy growth. More information on the forecasting process 

can be found in the long-range forecast document, which is available upon request. 

The 2017 forecast included no allowances for new post-2017 Demand-Side Management 

(DSM)/energy efficiency programs. Since the 2017 IRP process would be analyzing the relative 

effectiveness of these existing and future programs, LES did not feel it reasonable at that time to 

assume they would continue and include them in the load forecast going forward. 

Figures 3.3 and 3.4 include plots of the 2017 long-range forecast for both energy and demand, 

respectively, with the latter detailing both the base forecast and the extreme weather forecast. As 

is the case for nearly all utilities across the country, LES is projecting very conservative growth in 

the near future to reflect changing customer consumption patterns driven primarily by the 

enhanced energy efficiency of building standards and consumer products. 

Renewables
34%

Natural Gas
35%

Coal
31%

Figure 3.2 LES’ 2018 nameplate portfolio. 
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3.3 Load & Capability 

Under the Southwest Power Pool (SPP), LES is required to maintain accredited generation 

capacity equivalent to its total peak demand plus a specified reserve margin. Capacity is 

accredited according to the SPP Planning Criteria, with a rating for wind and solar resources that 

reflects how much of the generation can be counted on to serve load at the time of peak demand. 

In summary, the criteria essentially rate the resource at what it is capable of producing during at 

least 60% of the top 3% of load hours in a given month.1 

The SPP reserve margin was historically set at a level of 13.2%, but SPP is currently in the 

process of reducing this margin to 12%, so this lower, future threshold is utilized here. For 

purposes of this analysis, LES also assumed that its existing portfolio of generating resources 

would remain in service throughout the 2017 - 2041 study period unless there was an existing 

contractual retirement/termination date. 

Figure 3.5 details how LES’ accredited capacity compares to 112% of its forecasted peak 
demand under both the base forecast and extreme weather scenarios. As shown, LES’ need for 

the next resource falls somewhere in a band between 2026 and 2030, depending on the 

aggressiveness of the weather data assumptions. For planning purposes, LES always models 

to the base forecast, meaning the current year of need for the next resource would officially be 

studied as 2030. However, in actuality, acquisition of the next asset could often occur earlier in 

this 2026 – 2030 band, either out of respect for the potential of the extreme weather forecast or 

simply due to the timing of the resource itself. 

Note that LES also shows a single year of need in 2021. This is simply a byproduct of short 

term capacity sales by LES and represents an anomaly that will not be considered as part of the 

IRP analysis. If this short fall actually were to occur, this event would be rectified in the short 

term by either purchasing paper capacity, exiting existing paper-capacity sales, or leasing a 

small amount of mobile generation during peak demand months; a long term resource decision 

would not be required. 

7 
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Figure 3.3 LES’ energy forecast. 

750

800

850

900

950

M
W

Base Forecast Extreme Weather Forecast

Figure 3.4 LES’ peak demand forecast. 
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Figure 3.5 LES’ load and capability forecast. 

9 





  
 

 

  
 
    

 

  

           

   

 

  

 

         

        

        

            

      

  

 

         

          

           

         

        

         

          

        

       

             

          

       

          

            

           

            

   

          

            

         

 

       

         

         

 

    

 

         

         

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

2017 Lincoln Cooperative Integrated Resource Plan 

4.0 Pre-IRP Preparations 

Prior to commencing the IRP, LES undertook some related studies to better inform and prepare 

for the upcoming analysis. 

4.1 LES SEP 

LES launched its Sustainable Energy Program (SEP) in 2009, providing incentives for a variety 

of commercial and residential demand-side management measures while strengthening 

relationships with customers and trade allies alike. The SEP took on even more significance in 

2011 when the LES Board adopted the LES Sustainability Target, seeking to offset a rolling 5 

years’ worth of projected demand growth with renewable resources or demand-side 

management programs. 

In order to prepare for the upcoming IRP, LES contracted with Leidos in 2015 to perform an in-

depth analysis of the SEP, including the deemed demand and energy impacts and the cost-

effectiveness of existing and potential future measures. Leidos’ final report is included in 

Appendix B, but the following represent the primary findings: 

 Coincident Peak Demand Adjustment – LES historically rated SEP measures on the peak 

amount of demand reduction they provided, not the amount of demand reduction they 

provided at the exact time of LES’ system peak. The study helped to develop coincident 

peak factors for each of the existing SEP measures, allowing for adjustments to more 

accurately represent the true demand reduction benefits. 

 Net-to-Gross Adjustment – LES historically did not account for a variety of factors that 

reduce the forecasted impact of an SEP measure. Common examples include free-

ridership, or customers who would have implemented the measure even without the LES 

incentive, and the rebound effect, or customers investing in higher efficiency equipment and 

then, because of this efficiency gain, using it more often, counteracting some of the energy 

savings. Again, the study helped to develop net-to-gross factors for each of the existing 

SEP measures, allowing for adjustments to more accurately represent the true demand and 

energy reduction benefits. 

 Leidos performed measure-specific benefit-to-cost ratio tests on the existing SEP measures 

and a number of potential new measures. The results of this analysis, including a 

description of each of the prospective new measures, are available in the Leidos report. 

Leidos also provided LES with a copy of their Consumption Abatement and Reduction Analysis 

Tool (CARAT), allowing LES to continually assess new and existing demand-side management 

measures, as well as the overall SEP portfolio, as assumptions change in the future. 

4.2 LES Demand Response Pilot 

In conjunction with the Electric Power Research Institute (EPRI), LES conducted a residential 

Demand Response (DR) pilot over the summers of 2015 and 2016 involving approximately 400 

11 
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customers. The customers received their choice of either a free Wi-Fi smart thermostat or a two-

way communicating air conditioning load control switch. 

Load control switches were used to cycle each unit off for intermittent periods throughout the 

demand response event, allowing for peak demand savings across a distributed pool of 

participants while hopefully preventing space temperatures from rising too perceptibly. Smart 

thermostats, via remote setting changes, were used to precool the space prior to initiation of a 

common and uniform demand response event, which typically allowed for a greater reduction in 

peak demand while also better maintaining resident comfort. Based on these results, the smart 

thermostat based-model appeared to be the preferred method. 

EPRI’s final report, included in Appendix C, presented the actual demand response impacts, 

customer reactions, technology infrastructure and operability issues, and considerations for a 

potential future full-scale program. 
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5.0 Primary Decision Points 

Although the related analysis could lead to any array of decisions, LES knew that the following 

items would need to be decided as part of the 2017 IRP process. 

5.1 SEP 

The Leidos study indicated that the SEP was probably not as beneficial from a demand-

reduction perspective as originally thought. In addition, per recent load forecasts, LES found 

itself potentially very long on generation, diminishing the value of deferred resource additions 

via DSM programs. Taken in conjunction, it became evident that LES should evaluate whether 

to continue offering the SEP as part of this IRP process. 

5.1.1 SEP Policy Decisions 

Although the Leidos study helped establish a solid foundation for evaluation of the SEP, a 

number of key policy decisions remained to be addressed by the LES Board before this analysis 

could proceed. 

5.2 LES Smart Thermostat DR Program 

Based on the results of the recently completed DR pilot with EPRI, LES needed to evaluate 

whether to proceed with a full smart thermostat-based program for the residential sector. 

5.3 WAPA Contract Extension 

LES’ WAPA hydroelectric contract is scheduled to expire at the end of 2020, and WAPA 

extended an offer for a 30-year extension, covering the period of 2021 – 2050, in April, 2017. 

Given the timing of this offer, LES elected to analyze the potential extension as part of this IRP 

process. UNL and the Nebraska State Agencies were offered, and subsequently accepted, 

their WAPA contract extensions prior to commencing the 2017 IRP. 

13 
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6.0 SEP Policy Decisions 

The SEP policy decisions were addressed first since it was likely at least some of the resultant 

decisions would impact the subsequent analysis of the overall portfolio offering. 

6.1 Input Assumptions 

The Leidos study considered a range of future values that could potentially be placed on CO2 

emissions over the typical 10 – 15 year life of individual program measures. However, given the 

absence of a federal or state regulated mandate that applies to LES, this place-holder for a 

future value was left to the LES Board. Based on the Leidos report and other outside sources, 

LES staff took the following options to the LES Board for consideration: 

 $0/ton – One plausible scenario would be to assume that LES continues operating with no 

regulated value for CO2 emissions from either the federal or state level. 

 $20/ton – Based on a review of existing studies, Leidos utilized a range of values for their 

analysis; $15/ton (low), $20/ton (base case) and $25/ton (high). Each represented a value 

in 2020, escalating at 2.3% annually. The Leidos base case was selected to represent a 

mid-range option. 

 $40/ton – LES leveraged the recent February, 2017 proposal from the Climate Leadership 

Council to provide a high-end option. This proposal called for a CO2 tax of $40/ton in 2019, 

escalating annually based on the Consumer Price Index plus two percent.2 In order to 

provide an alternative that was more commensurate with the Leidos proposed options, LES 

considered a value of $40/ton in 2020, escalated annually at 2.3%. 

The future regulated value of CO2 emissions is impossible to predict, especially considering this 

forecast attempts to identify a value up to 15 years in the future. Based on the recommendation 

of LES staff, the LES Board selected the use of $20/ton, reflecting the Leidos base case and 

providing an option that was considered representative of a mid-range value. 

Likewise, LES needed to determine a value for future generation capacity. Once again, the 

Leidos study considered a range of options, which were provided to the LES Board for 

consideration: 

 No value – Given that LES’ need for a new generating resource appears to be well beyond 

the typical 10 – 15 year life of SEP measures, one could argue that LES should assume no 

value for future capacity, since none will likely be needed within that time frame. 

 Market value – With LES’ need for a new generating resource well in to the future, LES has 

been actively working to contract out excess capacity over the near term. Therefore, 

another plausible option is to value capacity based on the current, regional market. 

However, this proves difficult in the absence of a recognized capacity market, as is the case 

within the SPP. Leidos developed a projection based on other regional capacity markets, 

and LES confirmed that this was reasonably consistent with the value of previous capacity 

sales. Leidos set this value at $19/kW-year in 2017, escalating annually at 5.0% through 

the first ten years, and then at 2.3% annually thereafter. 
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 Construction value - Since the inception of the SEP in 2009, LES had historically valued 

future capacity at $1,000/kW, representing a common assumption for the overnight 

construction cost of a natural gas combustion turbine. To provide for common units, Leidos 

represented this value as an equivalent $80/kW-year in 2017, escalating annually at 2.3%. 

LES staff recommended using a market value for capacity, and the LES Board agreed. This 

assumption appears to best represent LES’ true value in the near term, as the utility is presently 

long on generation and actively seeking to establish contract sales for this excess. 

6.2 Evaluation Methodology 

Although the Leidos report documented their extensive evaluation of the cost-effectiveness of 

individual SEP measures, it did not consider an evaluation of the overall program, or the 

aggregate benefit-to-cost impact of all measures. In conjunction with Leidos, LES staff 

subsequently brought two evaluation options to the LES Board for their consideration: 

 Measure Basis – Independent benefit-cost evaluations performed on a measure-by-

measure basis. This approach assures each individual measure is strong enough to be cost 

justified on its own, but this also works to limit the array of programs that can be offered, 

especially making it difficult for residential measures to provide enough benefits to offset 

their costs. 

 Portfolio Basis – Single benefit-cost evaluation performed on the overall portfolio of 

measures, aggregating all benefits and all costs across the full range of program offerings. 

This approach ensures the overall program meets the required level of cost effectiveness, 

while also allowing the flexibility to offer some measures that on their own may have 

marginal levels of payback. According to a 2012 American Council for an Energy Efficient 

Economy (ACEEE) study, 70% of states utilized a portfolio based approach at that time.3 

The LES Board elected to proceed with an evaluation based upon the full portfolio, as the 

aggregate impact of all measures better quantifies the true impact to LES and its customer-

owners. 

6.3 Benefit-Cost Metrics 

The Leidos study utilized a number of widely recognized benefit-cost tests in the evaluation, 

including the following utility-focused metrics: 

 Ratepayer Impact Measure (RIM) Test – This test seeks to recover all utility incentives and 

administrative costs, as well as the utility’s lost revenue. 

 Total Resource Cost (TRC) Test – This test seeks to recover all utility incentives and 

administrative costs, as well as the customer’s incremental costs. 

 Utility Cost Test (UCT) – This test seeks to recover all utility incentives and administrative 

costs. 
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Although Leidos considered the ultimate selection of an overriding benefit-cost test to be a 

policy decision of each individual utility, the report did suggest the following: 

“The Utility Cost Test is often utilized as an indicator to guide endorsement. While the 

Total Resource Cost test provides a more holistic view of the economics, the economics 

from the participant’s perspective that is embedded therein may not be as clear nor as 

important for the utility to take into account, so long as there is sufficient participation to 

justify the required administrative infrastructure.” 

In order to properly vet this opinion, LES staff also performed a qualitative evaluation of the 

various tests by reviewing multiple reports by other outside sources. Although opinions on this 

topic are broadly spread, numerous reports concurred with Leidos view, with excerpts from 

some of the more notable sources as follows: 

“The UCT accurately compares the utility (and, therefore, utility customer) costs with 

supply-side alternatives.” 4 

“Along with the TRC test, the (UCT) test is one of the most commonly-used tests for 

energy efficiency program planning purposes.” 5 

“The UCT is the appropriate cost test from a utility resource planning perspective…” 6 

In order to fully understand the application of the various benefit-cost tests in conjunction with 

the range of considered generation capacity and regulated CO2 value assumptions, LES 

utilized the CARAT model to quantitatively evaluate the SEP portfolio under an array of 

scenarios. The results are shown in Figure 6.1, with green cells indicating a portfolio benefit-to-

cost ratio of at least 1.0. 
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($/ton)

Figure 6.1 SEP portfolio benefit-cost test results. 

The RIM test essentially represents a bar that almost can’t be reached, with a passing score 

only achieved under the most aggressive assumptions for both generation capacity and the 

regulated value of CO2. On the other extreme is the UCT, which yields at least a 1.0 benefit-

cost score under all tested scenarios, even those with the most conservative of assumptions. 
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The TRC test appears to represent a goal that while challenging, depending on the related 

assumptions, may also be reasonably attainable. 

Upon further discussion with Leidos, LES came upon the potential idea of dual tests. Under this 

scenario, the Leidos recommended UCT would serve as the primary metric, based on a benefit-

to-cost ratio of 1.0. In order to provide for a more rigorous test, and at the same time put in 

place some level of protection for lost revenue, LES staff suggested the RIM as a secondary 

test, but based on a benefit-to-cost ratio of 0.6. Leidos had originally recommended a benefit-

to-cost ratio of 0.6 as representative of a “marginal” program. In this instance, a RIM of 0.6 

represents that LES recognizes some level of cross-customer subsidy is required to support a 

full slate of residential and commercial energy efficiency programs, while at the same time 

ensuring that this subsidy is limited and controlled. 

LES repeated their quantitative analysis for this new dual test, with the results shown in Figure 

6.2. The results mirrored that of the TRC, providing a test that is challenging yet attainable. The 

current LES portfolio just barely passes with more conservative mid-range assumptions for 

generating capacity or regulated CO2 values, and more easily meets the required metrics as the 

value of these assumptions are extended. Under the assumptions already adopted by the LES 

Board, a market value of capacity and a mid-range CO2 value of $20/ton, the LES portfolio 

passes, and with a reasonable amount of buffer. 

Based on these results and the related qualitative recommendations, the LES Board selected 

this joint benefit-to-cost metric; a UTC of at least 1.0, coupled with a RIM test of at least 0.6. 
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$0 $20 $40

None

($0)
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UCT B/C Ratio ≥ 1.0, RIM B/C Ratio ≥ 0.6
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Figure 6.2 SEP portfolio benefit-cost test results using dual test. 
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7.0 Analysis of Potential New SEP Measures 

Now that the applicable input assumptions and benefit-cost metrics had been identified, LES 

staff had everything required to evaluate two new potential additions to the SEP portfolio. 

7.1 Smart Thermostats DR Program 

The Leidos report analyzed two different forms of smart thermostat DR programs; an LES-

supplied thermostat, similar to the methodology employed under the EPRI pilot, and a Bring 

Your Own Thermostat (BYOT) option, where the DR program leverages the customer’s own 

existing smart thermostat. The measure-specific benefit-cost test results are shown in Figure 

7.1. As shown, neither of the programs performed very well on their own, meeting neither the 

desired benefit-cost criteria of the UTC (at least 1.0) or RIM (at least 0.6) tests. 
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Figure 7.1 Smart thermostat DR program measure-level benefit-cost test results. 

Recall though, per the previous LES Board decisions regarding evaluation of the SEP, the 

benefit-cost ratios of the aggregate SEP portfolio were actually to be the primary evaluation 
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metric. Figure 7.2 displays the impact to the aggregate portfolio when the two measures were 

added to the existing SEP. As shown, although both programs place downward pressure on the 

benefit-cost ratios of the overall SEP, the portfolio ratings still met the required minimum 

thresholds in both cases. The BYOT model had less of a detrimental impact, making it the 

preferred option from a quantitative standpoint. The BYOT model is also preferable from a 

qualitative standpoint, as the participant will have the added comfort of using either their own 

existing thermostat or a new thermostat of their choosing. For these reasons, the BYOT model 

would likely be preferred if LES chose to move forward with a DR program, so this program 

style would be the focus of all subsequent analysis performed under this IRP. 
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Figure 7.2 Smart thermostat DR program portfolio-level benefit-cost test results. 

7.2 Heat Pump Water Heaters 

During the first IRP public meeting, held March 23, 2017, a customer recommended that LES 

analyze the use of heat pump water heaters as part of the project. Heat pump water heaters 

pull heat from the internal conditioned space, cooling air temperatures, and then use it to assist 

in heating the hot water supply tank. 
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The Leidos study was already concluded at the time of this request, so LES utilized the CARAT 

model to study a potential program using the same set of common assumptions from the Leidos 

report, allowing for comparable results. Figure 7.3 display the measure-specific benefit-cost 

ratios for a representative heat pump water heater program. As shown, the program appears to 

easily eclipse the desired UTC threshold of 1.0, and comes very close to the minimum RIM level 

of 0.6. When added to the SEP portfolio, as seen in Figure 7.4, the heat pump water heater 

measure tends to place upward pressure on the overall portfolio’s UTC, and essentially has a 

negligible impact on the RIM test. 

Although the test results are very compelling, LES believes it would be prudent to spend more 

time further refining the model assumptions, as well as gathering further knowledge regarding 

the heat pump water heater’s impacts on home comfort levels. For example, how does the 
measure perform in the winter when removing heat from the conditioned space is counter to 

general heating efforts? How does the unit impact area comfort within the home? These are 

the types of questions that would need to be answered before a full program could be offered. 
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Figure 7.3 Heat pump water heater measure-level benefit-cost test results. 
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Figure 7.4 Heat pump water heater portfolio-level benefit-cost test results. 

22 



  
 

 

  
 
    

 

   

            

             

               

       

 

   

 

         

           

      

          

      

   

    

   

  

 

           

             

              

          

         

 

              

             

         

          

            

                

 

 

           

           

     

 

             

         

           

            

            

         

           

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

2017 Lincoln Cooperative Integrated Resource Plan 

8.0 Resource Options Analysis – Input Data 

In order to make informed decisions regarding the future of the WAPA contact, the SEP and the 

smart thermostat DR program, LES sought to evaluate the future value of these options against 

a wide range of other potential resources. To support the related modeling, LES sought out 

input data from a variety of reputable, public sources. 

8.1 Resource Alternatives 

When evaluating different resources and technologies, it is imperative to start with a data set 

based upon a common set of assumptions. LES selected the U.S. Energy Information 

Administration’s (EIA) 2016 Capital Cost Estimates for Utility Scale Electricity Generating 

Plants, which in conjunction with the previous 2013 edition, provided the following common set 

of data for a wide array of generation alternatives: 

 Capital construction costs. 

 Fixed and variable operating costs. 

 Operating performance. 

 Emissions performance.7,8 

LES started with an initial set of alternatives representing all of the non-retrofit technologies 

detailed in the EIA dataset. A short description of each of these resources is listed in Appendix 

D. As can be seen, the EIA dataset includes a wide range of resources, most of which would 

ultimately provide LES the flexibility to either construct the resource directly or to indirectly 

contract for the resource under a power purchase type arrangement. 

LES escalated all 2013 and 2016 EIA cost data to 2017 dollars by applying a common annual 

escalator of 2.2%. In addition, LES then also applied the EIA’s “MRO West” regional cost 

adjustments, fine-tuning capital costs to be more representative of those seen in Nebraska.9 

Finally, LES assumed joint ownership of larger resources that resulted in roughly a 100-MW 

nameplate share for LES. As a general rule, LES typically plans for maximum unit ratings of 

around 100 MW, helping to ensure that it doesn’t place too much significance on any one 

resource. 

A summary of the resultant cost and performance data for each technology is included in 

Appendix E. LES developed the related capacity accreditation levels based on values 

historically seen in the SPP area. 

The only broad category of resources not covered by the EIA dataset would appear to be 

cogeneration and district heating and cooling. This omission is of little concern in this particular 

case, because the installation of these types of resources is generally outside of LES’ purview. 
In 1989, the City of Lincoln and Lancaster County formed the District Energy Corporation (DEC) 

under the State of Nebraska’s Interlocal Corporation Act, with the mission to provide low-cost, 

reliable and efficient thermal energy services. The DEC has successfully launched a number of 

district heating and cooling projects in the Lincoln area, and is constantly in the process of 
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assessing future potential opportunities. Although not ultimately responsible for the DEC, LES 

does serve as a contractor, providing administrative, financial, engineering, operations and 

general corporate functions. 

8.2 Transmission Costs 

The EIA resource data accounted for a “…tie‐in to a nearby electrical transmission system”, 

meaning these costs were inherently allocated to all applicable resource options.7 In addition, 

LES included costs for firm transmission service through SPP, which is required in order to 

count accredited generation towards the SPP reserve margin. Firm transmission service is 

requested through SPP’s Aggregate Study Process, under which SPP identifies the system 

upgrades required to provide transmission service between a generator and a load point. It is 

impossible to predict these costs, as they depend not only on the end points being studied, but 

also on the other transmission service requests that are to be analyzed in aggregate under the 

same study que. Therefore, based on past history for existing resources, LES assumed a 

uniform cost of $50,000 per nameplate MW of generation. 

SPP transmission service costs do not apply to DSM options such as SEP and the smart 

thermostat DR program, as inherently no transmission of generation is required to support these 

load curtailment resources. In addition, transmission service costs were likewise not applied to 

the WAPA contract extension, as LES has existing transmission service reservations for this 

particular resource. 

8.3 Fuel Costs 

Fuel cost data was primarily derived from the EIA’s Annual Energy Outlook 2017, which 

includes projections out to 2050.10 The only exceptions were as follows: 

 The EIA’s initial 2017 coal price was lowered slightly to better reflect prices generally seen 

across the SPP region. 

 Natural gas prices have historically shown to be a primary driver in resource decisions, and 

also reflect historical volatility. In order to display results across a wide range of natural gas 

futures, each case was ran with initial natural gas costs ranging from $1.00/MMBTU to 

$10.00/MMBTU. 

Table 8.1 outlines the initial 2017 fuel cost assumptions used in the analysis, as well as the 

annual escalators applied throughout the study period. Outside of initial near term projections 

for some of LES’ existing units, these prices were uniformly applied. 
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Table 8.1 Fuel Cost Assumptions 

Fuel 
2017 Price 

($/MMBTU) 

Annual Escalator 

(%/year) 

Coal $1.852 0.3% 

Natural Gas 
$1.00 - $10.00 

(adjusted in $1.00 increments) 
2.1% 

Nuclear $0.615 2.8% 

8.4 Emissions Costs 

The EIA resource data accounted for “…emissions rates after implementation of best available 

control technology (“BACT”), including sulfur dioxide (“SO2”), oxides of nitrogen (“NOX”), 
particulate matter, mercury, and carbon dioxide (“CO2”)”, meaning emissions control costs were 

inherently included in the capital and operating cost data for all applicable resource options.7 

However, additional regulatory costs associated with actual CO2 emissions have the potential to 

be a primary driver in future resource decisions. In order to display results across a wide range 

of CO2 regulated futures, each case was ran with initial CO2 emissions costs ranging from 

$5/ton to $45/ton. $45/ton was considered a representative value for the end of the range 

based on the February, 2017 carbon tax proposal from the Climate Leadership Council, which 

called for a $40/ton tax starting in 2019.1 

Table 8.2 outlines the initial 2020 CO2 cost assumptions used in the model, as well as the 

annual escalator applied throughout the study period. 

Table 8.2 Regulatory CO2 cost assumptions. 

Fuel 
2020 Price 

($/ton) 

Annual Escalator 

(%/year) 

CO2 
$5.00 - $45.00 

(adjusted in $5.00 increments) 
2.2% 
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9.0 Resource Options Analysis 

LES utilized an EPRI software tool, the Electrical Generation Expansion Analysis System 

(EGEAS), for the analysis of the various resource alternatives. EGEAS was originally 

developed by EPRI in 1983, and is currently in use by numerous companies, including the 

Midcontinent Independent System Operator (MISO).11 SPP is currently in the midst of 

evaluating various expansion planning models, including EGEAS. 

EGEAS utilizes dynamic programming, evaluating all possible resource combinations, to identify 

an optimal solution based on the net present value (NPV) of LES’ total production costs, 
including consideration for construction costs, operating costs and reliability constraints. 

Reliability considerations include serving load over every hour of a study year, and also 

assuring that LES has enough accredited generation to meet the SPP reserve margin 

requirements of 112% of peak load. 

9.1 EGEAS Model Architecture 

EGEAS allows for two independent systems, interconnected by a single, representative 

transmission line, allowing for purchases and sales between the two areas. System A 

represents LES, including LES’ existing resource portfolio and LES’ 2017 load forecast. System 

B represents SPP, including SPP’ existing resource portfolio and aggregate load forecast. SPP’ 
future resource and load projections were both derived from SPP’ 2017 ITP10 model. In order 
to better accommodate EGEAS, the 900 applicable units in the 2017 ITP10 model were 

aggregated by fuel type and retirement date, reducing the number of units entered in to EGEAS 

to 187 equivalents. 

A transmission interconnection of 250 MW was installed between the two areas. In actuality, 

LES’ interconnection to SPP is robust enough, with all existing transmission in service, to 

effectively allow LES to serve its entire peak load externally from SPP without operating LES’ 
own internal units. However, LES limited the interconnection to 250 MW, a level that was large 

enough to mimic the roll of the SPP market in LES operations, but yet still not so large as to 

allow market purchases and/or sales to become the dominant factor in resource decisions. 

Given LES’ load forecast and existing resource portfolio, EGEAS develops the optimal, lowest 

cost resource expansion plan for LES while accounting for potential sales to, and purchases 

from, SPP. EGEAS does not develop an expansion plan for SPP, but does optimize the SPP 

area costs and ensure their hourly load is met reliably.  The LES expansion plan must maintain 

the SPP reserve margin requirement of 112% of peak load across a study period of 25 years, 

ranging from 2017 to 2041. To capture all of the financing costs of new unit additions, EGEAS 

also includes a 30-year extension period, from 2042 to 2071. During this extension period, 

EGEAS assumes no future load growth or new resource additions for neither LES nor SPP, but 

resources are automatically replaced with like substitutes at the scheduled time of retirement. 

For this reason, resources selections made late in the study period should generally not be 

valued as much as those made early in the period. Since EGEAS assumes no load growth 

during the extension period, the lowest cost option late in the initial study period often turns out 
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to be the relatively smaller one that more closely meets the near term reserve margin 

requirements, as EGEAS believes it isn’t cost effective to install a larger resource that results in 

excess capacity that will never be needed. 

The model utilized a discount rate of 4.5%, and unless otherwise noted, the annual escalation 

rate for the costs of all goods and services was assumed to be 2.2%. 

9.2 Resource Screening 

LES originally attempted to analyze each of the resource alternatives through EGEAS, but it 

became apparent that this was more options than EGEAS could process. The complexities of 

EGEAS’ dynamic programming, considering all possible resource combinations, inherently limits 

how many options can be evaluated. In order to remain within these limits, LES undertook the 

following steps to initially screen the list of options and reduce them to a more manageable set: 

1) Eliminate all coal resources that do not leverage carbon capture & sequestration (CCS). 

The potential for a wide range of future carbon regulations suggests that investment in new, 

non-CCS coal resources would likely not be considered a viable option moving forward. 

This step eliminated the following options: 

 Advanced pulverized coal. 

 Integrated gasification combined cycle. 

 Ultra supercritical pulverized coal. 

2) Eliminate all resource options that are generally not practical in the SPP region. 

Although it is possible to move energy from one electricity market to another, the process of 

serving load is greatly simplified if generators and load exist within the same market, 

meaning a location within the SPP area is nearly always preferred. The following resources 

were eliminated under this step: 

 Geothermal binary and geothermal dual flash – These technologies require naturally 

occurring geological energy sources located relatively close to the earth’s surface, which 

are not thought to exist within the SPP region.12 

 Offshore wind – The SPP region is not bordered by any ocean waters. 

3) Eliminate “like” resource options from within the same technological family that are uniformly 

inferior considering capital costs, fixed and variable operating costs and performance data. 

For example, a coal unit that has consistently higher costs and lower performance when 

compared to other coal options is very unlikely to be selected as part of the analysis. This 

step of the analysis screened out the following options: 

 Biomass Combined Cycle – A review of the resource data in Appendix E reveals that 

this unit is inferior to the biomass bubbling fluidized bed option under every single cost 

and performance measurable that is impactful to this quantitative analysis. 

4) Perform a one-year EGEAS screening analysis under each of the four scenarios 

representing the extreme intersections of natural gas price and CO2 value combinations, 

adding each individual resource alternative to LES’ portfolio in 2030. Eliminate “like” 
resource options that result in uniformly higher production costs across all 4 cases when 

normalized by the resource’s accredited capacity rating ($/MW). 
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Table 9.1 details the results of this analysis, sorting all remaining resources in ascending 

order by the per-MW change in production costs relative to the base case. The following 

resources were eliminated as a result of this analysis: 

 Integrated gasification combined cycle with CCS – Uniformly higher cost than at least 

one of the advanced pulverized coal or ultra supercritical pulverized coal options, both 

with CCS. 

 Conventional combustion turbine – Uniformly higher cost than the advanced combustion 

turbine option. 

 Conventional combined cycle – Uniformly higher cost than the advanced combined cycle 

option. 

 Fixed-axis utility-scale solar photovoltaics (PV) – Uniformly higher cost than solar PV 

leveraging single-axis tracking. 

Table 9.2 lists the resulting final set of generic study options to be evaluated by EGEAS, 

including the related resource name abbreviations used throughout this report. In addition, 

EGEAS also evaluated options specifically related to each of LES’ primary decision points: 

 WAPA – A model representation of LES’ pending contract extension, producing total annual 

costs commensurate with WAPA’s current demand and energy rates. Table 9.3 

summarizes WAPA’s 2017 rates, as well as the common annual rate escalator and total 

energy allocations applied throughout the study period. 

 DSM-SEP – A model representation of LES’ current SEP portfolio, with individual measure 

parameters taken from the Leidos report. A cost adder equivalent to 40% of the projected 

lost revenue was added to each individual measure, reflecting the LES Board’s previous IRP 
decision to require the SEP portfolio to maintain a RIM benefit-to-cost ratio of at least 0.6. 

 DSM-Smart Tstat – A model representation of a full-scale BYOT smart thermostat DR 

program, based on the measure parameters outlined in the Leidos report. 
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Table 9.1 Screening analysis, in ascending order by $/MW change in production costs. 

Rank 
NG = $1.00/MMBTU NG = $10.00/MMBTU NG = $1.00/MMBTU NG = $10.00/MMBTU 

CO2 = $0.00/Ton CO2 = $0.00/Ton CO2 = $45.00/Ton CO2 = $45.00/Ton 

Combustion Turbine - Natural Gas Combined 
1 Onshore Wind Onshore Wind 

Advanced Cycle - Advanced 

2 
Natural Gas Combined Ultra Supercritical Coal with 

Onshore Wind Advanced Nuclear 
Cycle - Advanced CCS 

Natural Gas Combined Advanced Pulverized Coal Natural Gas Combined Advanced Pulverized Coal 
3 

Cycle - Conventional with CCS Cycle - Conventional with CCS 

4 
Reciprocating Internal 

Advanced Nuclear 
Combustion Turbine - Integrated Gasification 

Combustion Engine Advanced Combined Cycle with CCS 

5 
Combustion Turbine - Natural Gas Combined Reciprocating Internal Ultra Supercritical Coal with 

Conventional Cycle - Advanced Combustion Engine CCS 

6 
Natural Gas Combined Integrated Gasification Combustion Turbine - Natural Gas Combined 

Cycle - Advanced with CCS Combined Cycle with CCS Conventional Cycle - Advanced 

Natural Gas Combined Natural Gas Combined 
7 Hydroelectric 

Cycle - Conventional 
Advanced Nuclear 

Cycle - Conventional 

8 Battery Storage 
Biomass – Bubbling 

Fluidized Bed 

Natural Gas Combined 

Cycle - Advanced with CCS 
Photovoltaics - Tracking 

9 Pumped Storage Photovoltaics - Tracking Hydroelectric Photovoltaics - Fixed 

10 Photovoltaics - Tracking 
Reciprocating Internal 

Combustion Engine 
Photovoltaics - Tracking 

Reciprocating Internal 

Combustion Engine 

11 
Ultra Supercritical Coal with 

CCS 

Combustion Turbine -

Advanced 
Battery Storage 

Combustion Turbine -

Advanced 

Advanced Pulverized Coal Combustion Turbine - Advanced Pulverized Coal Combustion Turbine -
12 

with CCS Conventional with CCS Conventional 

Natural Gas Combined Natural Gas Combined 
13 Advanced Nuclear 

Cycle - Advanced with CCS 
Pumped Storage 

Cycle - Advanced with CCS 

14 
Integrated Gasification 

Combined Cycle with CCS 
Hydroelectric 

Integrated Gasification 

Combined Cycle with CCS 
Hydroelectric 

15 
Biomass – Bubbling 

Fluidized Bed 
Photovoltaics - Fixed 

Ultra Supercritical Coal with 

CCS 
Battery Storage 

16 Fuel Cells Battery Storage Photovoltaics - Fixed 
Biomass – Bubbling 

Fluidized Bed 

17 Photovoltaics - Fixed Municipal Solid Waste Solar Thermal Pumped Storage 

18 Solar Thermal Pumped Storage Fuel Cells Solar Thermal 

19 Onshore Wind Solar Thermal 
Biomass – Bubbling 

Fuel Cells 
Fluidized Bed 

20 Municipal Solid Waste Fuel Cells Municipal Solid Waste Municipal Solid Waste 
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Table 9.2 Final set of study options to be evaluated by EGEAS. 

Resource Abbreviation 

Advanced Nuclear Nuclear 

Advanced Pulverized Coal with CCS APC/CCS 

Battery Storage Battery Storage 

Biomass - Bubbling Fluidized Bed Biomass 

Combustion Turbine - Advanced CT 

Fuel Cells Fuel Cells 

Hydroelectric Hydro 

Natural Gas Combined Cycle - Advanced NGCC 

Natural Gas Combined Cycle - Advanced with CCS NGCC/CCS 

Onshore Wind Wind 

Photovoltaics - Tracking Solar PV 

Pumped Storage Pumped Storage 

Reciprocating Internal Combustion Engine RICE 

Solar Thermal Solar Thermal 

Municipal Solid Waste Solid Waste 

Ultra Supercritical Coal with CCS USC/CCS 

Table 9.3 WAPA Rate and Energy Assumptions 

WAPA 
2017 Rate13 

Component 

Firm Demand $6.50/kW-month 

Firm Energy $16.18/MWh 

Peaking Demand $5.85/kW-month 

Peaking Energy $16.18/MWh 

Annual Rate Escalator Total Annual Energy 

(%/year) (MWh) 

2017 – 2022, 0.0% 
~ 275 GWh 

2023 on, 2.2% 
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10.0 Base Case Results 

10.1 Interpreting the Results 

Appendix F includes EGEAS’ lowest cost resource expansion plan for each of the 100 scenarios 

ran under the base case model, based upon total net power costs over both the 2017 – 2041 

study period and the 2042 – 2071 extension period. The results are displayed in matrix format, 

listing the applicable expansion plan and related power costs for each possible combination of 

natural gas price and regulatory value of CO2 emissions. An example of the expansion plan 

format for each scenario is shown in Figure 10.1. 

YEAR RESOURCE

YEAR RESOURCE

YEAR RESOURCE (2)

NPV COST

CO2 Value

($/Ton, 2020$)

$
1

.0
0

 

N
at

u
ra

l G
as

 P
ri

ce

($
/M

M
B

TU
, 2

0
1

7
$

)

$0.00

Resouce alternative installed.
Year resource installed.

Number of resources installed.

LES' total net power costs over both 
the study and extension periods.

Figure 10.1 Example of expansion plan’s overall results. 

While the expansion plan matrix provides important, detailed results for each specific scenario, 

the complexity of these same details also makes it hard to identify trends across a range of 

potential future states. For this reason, summary tables specific to each resource alternative 

are also provided in Appendix F. These tables identify if and when a specific resource was 

selected as part of EGEAS’ expansion plan for each of the 100 scenarios studied. The actual 

year of resource installation is identified according to a color gradient, as denoted in Figure 

10.2. Since the study period covers 2017 – 2041, and the first year of need for a new LES 

resource was considered to be 2030, these selections range from 2030 to 2041. 

As shown in Figure 10.2, the darker the shading, the earlier a resource was selected in the 

expansion plan. Comparing these color gradients across the entire 100-case study yields a 
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quick comparison of the relative value derived from different resource types. For example, take 

the results for two sample resources shown in Figure 10.3. Resource A was selected as part of 

the optimal, lowest cost expansion plan over a much wider range of scenarios than Resource B, 

and was also generally selected much earlier in the study period. Therefore, Resource A would 

appear to bring more long term value to LES than Resource B over a wide range of potential 

future states. 
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Figure 10.2 Key for expansion plan resource specific 
summaries, representing year installed. 
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Darker shading indicates a resouce's selection 
early in the study period; typically more significant.

Lighter shading indicates a resource's selection 
late in the study period; typically less significant.

Figure 10.3 Example of expansion plan resource specific summaries. 
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10.2 WAPA Specific Results 

Per the base case results in Appendix F, WAPA was selected across the majority of future 

scenarios, all in the time range of 2030 – 2032, indicating a very high value. Conversely, WAPA 

was not selected over a very narrow band of scenarios featuring the lowest natural gas prices. 

An examination of the other resources alternatives shows the selections here were combustion 

turbines (CT) and natural gas combined cycles (NGCC), both resources that burn natural gas 

for fuel. This seems to make perfect sense; when natural gas was near free, EGEAS selected 

natural gas based resources with extremely low operating costs. 

WAPA also wasn’t selected under a range of scenarios that featured various combinations of 

the highest natural gas prices and highest CO2 values. Examination of the other alternatives 

shows that EGEAS primarily selected nuclear units in these cases. Although more complicated 

than the previous discussion regarding low cost natural gas, this selection also seems to make 

sense once analyzed. Nuclear units do not rely on natural gas for fuel, and are unaffected by 

regulatory CO2 costs due to the absence of related carbon emissions. Under these scenarios, 

the general cost of electricity would rise dramatically, bringing great value to a low-cost, base-

loaded nuclear plant. This value could be realized either by using this low cost resource to 

effectively serve LES’ load or by profiting from selling the output to the SPP market. Either case 

likely allows the nuclear plant’s operational value to more than offset the relatively large capital 
expenditure required to build it. 

It is important to also consider each resource outside of its preferred comfort zone. If a natural 

gas fired unit were selected and gas prices remained at or below historic low levels for a 

number of years, it would be considered a quality decision in hindsight. Conversely, if gas 

prices were to rise, the units that rely on this fuel source would become much more expensive 

to operate, actually placing upward pressure on LES’ net power costs. Likewise, construction of 
a new nuclear plant would be lauded if future natural gas prices and regulatory CO2 costs were 

relatively high, but the related capital expenditure of the plant would be a huge financial burden 

to try and overcome if either natural gas prices or CO2 costs remained low. Both of these 

resource options have scenarios where they bring great benefit, but they can also bring great 

costs under alternative futures. 

Although not selected as the “best” resource under periods of relatively high natural gas prices 

and CO2 costs, WAPA actually brings more benefit under those scenarios. Since it does not 

rely on natural gas for fuel and effectively has no associated CO2 emissions, WAPA’s costs 

would remain static, but its benefits would continue to rise as the general price of energy was 

pushed up by the changes in natural gas price and CO2 costs. The only unfavorable scenarios 

for WAPA are those with extremely low natural gas prices of around $1.00/MMBTU, a very 

narrow band within the large array of possible futures analyzed that is equally damaging to all 

resources other than those that burn natural gas. So although EGEAS may have seen more 

benefit from other alternatives under a few scenarios, WAPA still serves as a very valuable 

hedge against rising energy costs. 
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10.3 Sustainable Energy Program Specific Results 

SEP is selected early in the study period over a range of scenarios featuring low to moderate 

natural gas prices coupled with nearly the full assortment of CO2 costs, and is also selected late 

in the study period in nearly every other scenario. Although not as heavily weighted as the 

WAPA results, SEP appears to bring reasonable value over a moderate range of potential 

futures. 

Similar to WAPA, it is important to note that SEP’s value actually increases as natural gas 

prices and CO2 costs rise, providing more benefit by offsetting higher energy prices with 

demand-side management programs. In this way, SEP also serves as a valuable hedge 

against rising energy costs, meaning it likely brings value under a much larger number of 

scenarios than those in which it may prove detrimental to LES’ net power costs. 

10.4 Smart Thermostat DR Program Specific Results 

The smart thermostat DR program was only selected under a handful of scenarios, and always 

in 2041, the last year of the study period. However, these results were not entirely unexpected, 

and may not paint a true picture of the program’s value. Prior to commencing the expansion 

plan analysis, LES staff were concerned that the demand reduction of the smart thermostat 

program may be too small to properly evaluate in EGEAS, as on its own, the program is unlikely 

to ever shed enough demand to delay the need for the next resource even one year. The study 

results would suggest this was indeed the case, with the smart thermostat program simply being 

too small to assess with a model built to evaluate large-scale generation and a full DSM 

program portfolio. LES would need to fall back upon the previously discussed Leidos study and 

the associated portfolio-level CARAT model results, tools more in line with evaluating DSM 

programs of this size, to make a final determination regarding the future of this program. 
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11.0 Sensitivities 

In order to more fully assess the various resource alternatives, specifically the relative value of 

WAPA and SEP, LES also undertook a number of sensitivities. The results of each of the 

following cases are included in Appendix G, and follow the same general format as the base 

case analysis. 

11.1 Sensitivity 1: Decrease in Wind Capital Costs 

Although the base case assumed a common 2.2% annual escalation of capital costs across all 

technologies, there are certain less mature resources that seem more likely to continue to see 

their installed costs drop in the near future. One of these could be onshore wind, so this 

sensitivity assumed capital costs will decrease by 0.8% annually throughout the study period.14 

It is important to note that this modeling effort did not factor in the common federal Production 

Tax Credit (PTC), as it is scheduled to expire after 2019, long before the initial need year of 

2030.15 

As expected, these changes resulted in wind being selected across even more of the possible 

futures, indicating a strong preference over all cases except those with low natural gas prices 

and low regulatory values of CO2. 

WAPA was once again well represented, selected even earlier in the study period across a 

number of scenarios, indicating higher value. In simple terms, EGEAS generally favored WAPA 

when CO2 values were low and wind when CO2 values were high. Recall though, WAPA’s 
value actually increases as CO2 values rise since it generally has no associated CO2 

emissions. EGEAS may have seen more benefit from wind under those specific conditions, but 

WAPA would not be detrimental, still bringing enhanced value under those futures. 

SEP was still selected across the majority of the expansion plans, but only in the last year of the 

study period, indicating lower value under this particular sensitivity. The expansion of wind 

selections appears to be the primary driver for SEP’s reduced representation relative to the 

base case. 

11.2 Sensitivity 2: Sensitivity 1 plus Higher Wind Accreditation 

This case builds upon the cost adjustments laid out under the previous sensitivity, while also 

assuming an improved level of accreditation for wind resources. LES’ base assumption for 
accreditation levels of 15% is representative of an average value generally seen across LES’ 
fleet of earlier wind resources. Newer wind resources may potentially reach higher levels based 

on improvements in technology or profile differences at periods of peak load driven in part by 

geographic diversity between the location of the wind resource and LES’ service area. This 

sensitivity assumes an accredited value of 25% of nameplate rating. 
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This case resulted in only very minor changes relative to Sensitivity 1, and those changes were 

confined to only the wind and nuclear resources. 

EGEAS sees wind as a strong resource across nearly all futures, even following the expiration 

of the federal PTC, as modeled here. It will be interesting to chart its relative growth within the 

SPP following the expiration of the PTC. 

11.3 Sensitivity 3: Decrease in Solar PV Capital Costs 

Like wind, solar PV is another technology that seems poised to see capital costs decrease in 

the near term. As opposed to the standard annual escalation rate of 2.2%, this sensitivity 

assumed solar PV installed costs will drop by 2.0% per year throughout the study period.16 In 

addition, this case also assumed the federal Investment Tax Credit (ITC) for commercial solar 

installations would be maintained according to the current schedule, calling for it to reach 10% 

of capital costs in 2022 and then remain at that level for perpetuity.15 Therefore, the initial 

installed costs were reduced by 10%. LES, as a public utility, would not be able to make use of 

the tax credit directly, but the related value could be indirectly transferred to LES if the solar PV 

energy were obtained under some sort of power purchase. 

As expected, solar PV’s value expands considerably under these assumptions, generally seen 

over the wide middle range of natural gas and CO2 values between low costs and extreme 

levels. However, the majority of the expansion plan selections were still only seen around the 

middle of the study period, between 2035 and 2036. 

WAPA was still selected early in the study period across a number of scenarios, indicating high 

value, although it did surrender much of its ground to solar PV under cases of higher natural gas 

and CO2 prices. Again, WAPA’s value actually increases under those conditions since it is 

essentially independent of either of those factors. EGEAS may have seen more benefit from 

solar PV under this specific sensitivity, but WAPA would not be detrimental, still bringing 

enhanced value under those futures. 

SEP sees a significant expansion in the futures where it is selected early in the study period, 

indicating EGEAS apparently saw it as a very complimentary resource when coupled with solar 

PV. 

11.4 Sensitivity 4: Sensitivity 3 plus Higher Solar PV Accreditation 

This case builds upon the cost adjustments laid out under the previous sensitivity, while also 

assuming an improved level of accreditation for solar PV resources. LES’ relatively new 
community solar project simply wasn’t mature enough to support the IRP efforts with 

accreditation data, so the base assumption for accreditation levels of 50% is representative of 

modeling undertaken by LES using the National Renewable Energy Laboratory’s PVWatts 
software.17 Newer solar resources may potentially reach higher levels based on improvements 

in technology or profile differences at periods of peak load driven by geographic diversity 
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between the location of the solar resource and LES’ service area. This sensitivity assumes an 
accredited value of 75% of nameplate rating. 

These changes resulted in solar PV being selected across a similar range of cases as 

Sensitivity 3, but also much earlier in the study period, indicating increased value. Although 

WAPA’ selections expanded somewhat, they were largely unchanged from Sensitivity 3. SEP’s 

selections early in the study period were significantly reduced from Sensitivity 3, reverting back 

to a range more in line with that seen in the base case. 

The price of solar PV installations seems poised to continue to decline in the future, and 

tracking installations would appear to have the potential to garner a fairly high accreditation 

value within SPP, so this is definitely a technology worth watching. However, the scheduled 

reduction of the federal ITC will obviously have an impact on final project costs, so that bears 

watching as well. 

11.5 Sensitivity 5: Higher Regulatory CO2 Costs 

Although the base case assumed an annual escalation of regulatory CO2 values of 2.2%, it is 

impossible to predict the range of costs that could potentially be applied under future 

regulations. The base case analysis leveraged the proposal from the Climate Leadership 

Council in establishing the initial maximum starting value of $45/ton in 2020. This proposal also 

suggested an annual escalator based upon the Consumer Price Index (CPI), already 

represented by the IRP’s common 2.2% escalator, plus an additional 2.0%.2 To study the 

relative impact of a higher level of escalation, this sensitivity assumed the same initial value of 

the base case, but with an annual escalator of 5.0%. 

As one would expect, non-CO2 emitting resources like wind and nuclear saw a significant 

increase in their selections across futures with higher initial CO2 values, with nuclear seeing the 

majority of the growth. This expansion appears to come at the expense of WAPA and SEP, 

which both saw their selections reduced over these same futures. Although EGEAS may have 

seen more benefit from nuclear, and to a lesser extent wind, under this specific sensitivity the 

value of WAPA and SEP still generally increases with CO2 costs, meaning they still bring 

relatively enhanced value under these scenarios. 

The basic introduction of a regulatory value on CO2 emissions would stand to have a profound 

effect on future resource planning, and as would be expected, the relative magnitude of that 

value is also a significant consideration. 

11.6 Sensitivity 6: Increased Saturation of Electric Vehicles 

Many people have been discussing the prospect of electric vehicles becoming a much broader 

slice of the automotive industry, thus driving enhanced requirements for electricity.18 In general, 

the LES planning process should see trends such as these developing in their relatively early 

stages, based on the fact that a new load forecast is conducted every year. Once picked up in 

the forecast, the resource planning process would then adjust accordingly to ensure LES’ 
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reserve margin requirements were met in an efficient manner. However, LES wanted to see 

what type of impact might be expected under this type of scenario, so a sensitivity was 

developed around 25% of LES customers driving an electric vehicle by 2041. Other 

assumptions were developed by leveraging past studies, with electric vehicles consuming an 

average of 8 kWh/day and 20% charging their vehicles coincident to LES’ peak load.19 Figures 

11.1 and 11.2 show the resulting revised energy and demand forecasts as compared to the 

base case. 

Other than a few specific cases, the expansion plan results were largely unchanged from the 

base case. However, total net power costs did rise appreciably, as unit operations and 

purchases ramped up in order to serve the increased load. It appears that although load was 

increased, EGEAS was still able to meet LES’ load requirements with available capability from 

essentially the same optimal-cost resource selections made under the base case. 

Although the sensitivity results were largely uneventful, modeling the case did bring to light just 

how much the impacts to LES could swing based simply on when customers choose to charge 

their vehicles. Charging during on-peak hours drives the need for more resources and related 

infrastructure, and also requires LES to purchase more load energy from SPP during what 

traditionally are periods of higher energy costs. Charging during off-peak hours could have little 

to no impact on resource expansion, would be easier to accommodate with existing 

infrastructure, and would drive an increase in energy purchases only during traditionally low 

price periods. Entities like the U.S. Department of Energy, EPRI and other utilities have 

researched this topic in the past. As is often the case, their results do not always align. This 

begs the question of whose results would be most representative of the LES service area. The 

answer could have a significant impact on LES’ load serving requirements in the future. 
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Figure 11.1 Change in LES’ energy forecast under Sensitivity 5. 
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Figure 11.2 Change in LES’ peak demand forecast under Sensitivity 5. 
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12.0 Conclusions 

The following conclusions have been drawn based on the completed analysis and the input of the 

Lincoln Cooperative Members. 

12.1 LES WAPA Contract 

The WAPA contract routinely proved to be one of the best resource options for LES over a large 

range of analyzed scenarios. Although EGEAS may have seen more benefit from other 

alternatives under a few potential futures, primarily periods of relatively high natural gas prices 

and CO2 costs, it is important to note that WAPA would actually bring more benefit under those 

scenarios since it does not rely on natural gas for fuel and has essentially no associated CO2 

emissions. So even when not the highest rated resource option, WAPA would almost always 

still serve as a valuable hedge against rising energy costs. 

There are also a number of reasons to value the WAPA contract beyond the analysis performed 

here. First, WAPA represents the only hydroelectric resource in LES’ generation mix, providing 

valuable diversity. WAPA also makes up a sizable portion of LES’ renewable portfolio, 

accounting for 9% of the total 2017 generation portfolio on a nameplate basis and 17% of the 

total renewable energy produced in 2016. In addition, WAPA represents the somewhat rare 

renewable resource that inherently provides the ability to schedule output levels. Finally, if LES 

elected not to extend the WAPA agreement, it is highly likely that there would never be another 

chance to get it back, and the associated regulatory requirements mean it would likely prove just 

as difficult to replace it with new hydro resources in the near future. Plus, WAPA proved much 

more valuable than new hydro resources under this analysis. 

For these reasons, the LES Board elected to exercise the 2021 – 2050 contract extension. 

Figure 12.1 details how LES’ accredited capacity compares to 112% of its forecasted peak 

demand with the WAPA contract extension in place. As shown, LES’ need for the next resource 

now falls somewhere in a band between 2039 and 2041, depending on the aggressiveness of 

the weather data assumptions. 

12.2 LES SEP 

Although the resource options analysis showed SEP to be a preferred option over only a 

modest range of future scenarios, like WAPA, it still provides a valuable hedge against the 

uncertainty of rising energy costs. From a qualitative standpoint, the SEP also brings value in 

meeting LES’ Sustainability Target and strengthening LES relationships with customers and 
trade allies alike. Based on these considerations, LES intends to continue this existing program 

throughout the IRP period, featuring incentives for a variety of commercial and residential 

demand side management measures. 
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Although the actual breadth of the program will be determined on a year-to-year basis as part of 

the annual LES budget process, the LES Board has determined the SEP portfolio will be 

evaluated against the following pair of metrics: 

 Utility Cost Test benefit-to-cost ratio ≥ 1.0. 

 Ratepayer Impact Measure Test benefit-to-cost ratio ≥ 0.6. 

Related input assumptions will include a market-based value of capacity and a regulatory CO2 

value of $20/ton in 2020. 

12.3 LES Smart Thermostat DR Program 

The smart thermostat DR program proved too small to assess with a model built to evaluate 

large-scale generation and a full DSM program portfolio. However, LES’ pilot project, as well as 

the Leidos SEP study and associated portfolio-level CARAT model results, suggest a BYOT-

style program can be successfully applied without major impacts to the benefit-cost value of the 

overall SEP portfolio. Bolstered by these findings, LES plans to implement a full-scale, BYOT-

style residential DR program in 2018, continuing throughout the IRP period as warranted. 

12.4 LES Heat Pump Water Heater Evaluation 

A customer suggestion led to the analysis of a heat pump water heater measure that could 

potentially be offered as part of the SEP portfolio. The initial test results were very compelling, 

so LES now plans to take the next step, spending more time refining the model assumptions 

and gathering further knowledge regarding the device’s impacts on home comfort levels. 

12.5 LES Electric Vehicle Pilot 

A sensitivity case based around an increased saturation of electric vehicles brought to light how 

the impacts of such growth can vary based simply on when customers choose to recharge their 

batteries. In order to better assess these future impacts, LES plans to evaluate the possible 

launch of an electric vehicle pilot program, with the aim of benchmarking the charging 

characteristics and habits of LES customers. Potential program details will be determined as 

part of the evaluation process. 

12.6 UNL & Nebraska State Agencies 

UNL and the Nebraska State Agencies plan to compliment the LES resource and program 

decisions by implementing various energy-efficiency improvements at their own facilities. 

UNL will retain a continuous commissioning program on building assets to reduce energy 

consumption and will continue construction and commissioning of the Thermal Energy Storage 

tank for the City Campus, expected to be operational in 2018. UNL is also exploring operational 

efficiencies for better use of plant equipment and improved distribution. 
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The Nebraska State Agencies plan to continue their support of increased energy conservation 

through equipment efficiency improvements and are investigating the feasibility of generating 

wind and solar power on the roof of the Nebraska State Office Building. 
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Figure 12.1 LES’ load and capability forecast with WAPA contract extension. 
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13.0 Actions 

13.1 Action Plan 

Table 13.1 details the five year action plan for the Lincoln Cooperative. The Lincoln Cooperative 

will continue to evaluate additional opportunities for potential new resources and programs that 

arise during the action plan period, with each analyzed in a similar fashion on a case-by-case 

basis. 

13.2 Measurement and Evaluation 

The Lincoln Cooperative intends to monitor and evaluate the resource/program impacts based on 

actual field measured data whenever possible. However, this may not be cost effective for 

distributed, customer based demand-side management programs, or member facility installations 

without sufficient measurement instrumentation and/or capabilities. In these instances, impacts 

will be based on engineering calculations, with representative sample data collected in the field 

to validate the projections. Consistent with the Leidos SEP report findings, considerations for 

coincident peak demand and net-to-gross adjustments will be made when applicable. Program 

evaluations will be provided to WAPA through the existing annual update process. 
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Table 13.1 Lincoln Cooperative’s Five Year Action Plan 

Resource/Program 2018 2019 2020 2021 2022 Type MW 1 GWh/year 2 

LES WAPA Contract Extension A A A A A 
LES plans to execute the pending 30-year extension of the WAPA hydro-
electric contract in conjunction with the submittal of this report, covering the 
period of 2021 – 2050. 

S 128 260 

LES Sustainable Energy Program A A A A A 
LES intends to continue this existing program throughout the IRP period, 
featuring incentives for a variety of commercial and residential demand-side 
management measures. 

D 32 132 

LES Demand Response Program I A A A A 
Based on the results of LES’ recently completed demand response pilot 
program, LES plans to implement a full-scale, bring-your-own-thermostat style, 
residential demand response program in 2018, continuing throughout the IRP 
period as warranted. 

D 3.8 0.2 

LES HPWH Evaluation E --- --- ---
Based on initial analysis performed at the suggestion of a customer, LES 
plans to evaluate the potential addition of a Heat Pump Water Heater 
(HPWH) measure under the Sustainable Energy Program. Demand and 
energy reductions will depend on the resultant program offering. 

--- D --- ---

LES Electric Vehicle Pilot E --- --- --- ---
LES plans to evaluate the possible launch of an electric vehicle pilot program, 
with the aim of benchmarking the charging characteristics and habits of LES 
customers. Potential program details will be determined as part of the 
evaluation process. 

D --- ---

UNL Energy Efficiency Program A A A A A 
UNL will continue its existing goal of reducing energy use and demand by a 
combination of efforts. These include installing new controls and making 
upgrades to existing controls, upgrade to LED lights, occupancy sensors, and 
rolling out behavioral change initiatives for reducing energy use. This effort 
goes through continuous evaluation. 

D 0.94 4.3 

UNL Continuous Commissioning A A A A A 
UNL has implemented a continuous commissioning program on building 
assets to reduce energy consumption. Following a recommissioning activity in 
buildings, analytics are performed continuously on equipment data using fault 
detection and diagnostics tools. This helps the campus maintain the energy 
savings realized by the recommissioning efforts. 

D 0.1 3.4 
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Table 13.1 Lincoln Cooperative’s Five Year Action Plan (continued) 

Resource/Program 2018 2019 2020 2021 2022 Type MW 1 GWh/year 2 

UNL Cool Storage I I A A A D 4.5 0.0 
UNL will continue its construction and commissioning of the Thermal Energy 
Storage tank for the City Campus during 2017 and 2018. This will be used to 
offset demand from peak hours to off-peak hours for chilled water production. 
This will be operational in 2018. 

UNL Operational Efficiencies E I I A A D --- ---
UNL is exploring operational efficiencies for better use of plant equipment and 
improved distribution. UNL will utilize outside consultants and diverse internal 
teams for this effort, and will also be evaluating system analytics tools to 
sustain those efficiencies. Demand and energy reductions will depend on the 
actual maintenance projects undertaken during this period. 

Nebraska State Agencies Efficiencies A A A A A D --- ---
The Nebraska State Agencies plan to continue their support of increased 
energy conservation through equipment efficiency improvements achieved 
during regular maintenance and deferred repair projects. Potential 
considerations include improved doors and roofs, replacement of steam lines 
and optimization of condensate return systems. Demand and energy 
reductions will depend on the actual maintenance projects undertaken during 
this period. 

Nebraska State Agencies Wind/Solar E E --- --- --- D --- ---
The Nebraska State Agencies are investigating the feasibility of generating 
wind and solar power on the roof of the Nebraska State Office Building. 

Annual Status Key: 
A – Administer existing program/resource 
E – Evaluate potential program/resource 
I – Implement new program/resource 

Type Key: 
D – Demand-Side program/resource 
S – Supply-Side program/resource 

Notes: 
1. Expected total peak nameplate capacity/demand reduction. Demand reduction based on projected 

participation at full program maturity; impacts will depend on the structure of the actual program 
implemented. 

2. Expected total annual energy production/reduction. Energy reduction based on projected 
participation at full program maturity; impacts will depend on the structure of the actual program 
implemented. 
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14.0 Public Input and Interaction 

Throughout the IRP process, the Lincoln Cooperative provided multiple opportunities for public 

input and interaction, over many different platforms. 

14.1 Public Meeting #1 

LES hosted a public meeting on March 23rd, 2017 to review the IRP requirements, the related 

timeline, and the primary decision points expected to come out of the 2017 process. LES also 

reviewed the analysis completed to date regarding the SEP and smart thermostat pilot program, 

and finally, requested feedback regarding upcoming LES Administrative Board decisions related 

to SEP metrics and input assumptions. The formal presentations were following by open group 

Q&A, and LES Staff were available for one-on-one discussions afterwards. Appendix H 

provides information on the March meeting, including pre-event announcements and the 

presentation materials on display. As shown, the meeting was announced via local newspaper 

adds, a press release directed to local media outlets, Twitter, and Facebook. In addition, it was 

also advertised in Current, LES’s bill-stuffer style magazine, EnergyLine, LES’s bi-weekly 

newsletter to commercial customers, EmPowered, LES’ monthly newsletter for residential 

customers, and directly on LES bills themselves. 

14.2 Public Meeting #2 

LES held a second public meeting on June 29th, 2017. The primary focus of this meeting was to 

review the preliminary LES Administrative Board decisions regarding the SEP benefit/cost metrics 

and related input assumptions, as well as to request feedback regarding the upcoming analysis 

of various supply-side and demand-side resource options. Once again, the event was publicized 

over an array of different media, and followed the same agenda as the March meeting; formal 

presentations followed by group Q&A and individual discussions. Appendix I includes information 

on the June meeting. 

14.3 Public Meeting #3 

LES held a third and final public meeting on August 24th, 2017. LES provided a formal 

presentation reviewing the draft final report, a copy of which was posted on LES’ website one 
week prior to the event. All members of the public who had attended a previous meeting and/or 

corresponded with LES regarding the IRP were notified via email, if provided, of the posting of 

the draft report. Once again, a group Q&A session followed the presentation, and various LES 

Staff were on hand afterwards to address remaining comments and questions. Appendix J 

includes the pre-meeting notices and all meeting materials. 

14.4 Final Report 

A copy of this final report was posted on les.com in conjunction with its submittal to WAPA, once 

again with similar media announcements to let the public know it was available. Members of the 
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public who attended a public meeting and/or corresponded with LES regarding the IRP were 

notified of the completion of the report via e-mail, if provided, including a discussion of any 

changes that occurred since the draft version reviewed at the August public meeting. A copy of 

this email is provided under Appendix K. 

14.5 LES Website 

Throughout the IRP process, the LES website was updated with timely information regarding 

the status of the IRP and all materials presented to date. The website also provided a 

dedicated email address for customers to send in IRP related questions or comments. 

Appendix L includes a screen shot of the website following the completion of this final report, 

displaying the full history of the process that was laid out step-by-step as the IRP progressed. 
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15.0 References 

[1] Planning Criteria – Revision 1.3, Southwest Power Pool, Jun. 15, 2017. 

[2] A Winning Trade – How Replacing the Obama-Era Climate Regulations With a Carbon 

Dividends Program Starting at $40/Ton Would Yield Far Greater Emissions Reductions, 

Climate Leadership Council, Feb., 2017. 

[3] A National Survey of State Policies and Practices for the Evaluation of Ratepayer-Funded 

Energy Efficiency Programs, American Council for an Energy-Efficient Economy, Feb., 

2012. 

[4] Whose Perspective? The Impact of the Utility Cost Test, The Cadmus Group, 2012. 

[5] Energy Efficiency Guide Book for Public Power Communities, Energy Center of Wisconsin, 

Oct., 2009. 

[6] Guide to Resource Planning with Energy Efficiency, National Action Plan for Energy 

Efficiency, Nov., 2007. 

[7] Capital Cost Estimates for Utility Scale Electricity Generating Plants, U.S. Energy 

Information Administration, Nov., 2016. 

[8] Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants, U.S. Energy 

Information Administration, Apr., 2013. 

[9] Assumptions to the Annual Energy Outlook 2017, U.S. Energy Information Administration, 

Jul., 2017. 

[10] Annual Energy Outlook 2017 - Data, U.S. Energy Information Administration, Jan. 5, 2017, 

[Online]. Available: 

https://www.eia.gov/outlooks/aeo/ 

[11] Electric Power Resource Planning: EGEAS Software Overview, NG Planning LLC, Apr. 16, 

2015. 

[12] Geothermal Resource of the United States, National Renewable Energy Laboratory, Oct. 

13, 2009. 

[13] 2017 Drought Adder Modification – Rates Effective Date January 1, 2017, Western Area 

Power Association, Oct. 25, 2016, [Online]. Available: 

https://www.wapa.gov/regions/UGP/rates/Pages/2017-Drought-Adder-Modification.aspx 

[14] Forecasting Wind Energy Costs & Cost Drivers, Berkeley Lab/NREL/IEA Wind, Jun., 2016. 

53 

https://www.eia.gov/outlooks/aeo/
https://www.wapa.gov/regions/UGP/rates/Pages/2017-Drought-Adder-Modification.aspx


  
 

 

  
 
    

 

       

  

 

 

           

 

      

 

 

       

 

       

        

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

2017 Lincoln Cooperative Integrated Resource Plan 

[15] Renewables Boom Expected Thanks to Tax Credit, Scientific American, Dec. 21, 2015, 

[Online]. Available: 

https://www.scientificamerican.com/article/renewables-boom-expected-thanks-to-tax-credit/ 

[16] Photovoltaic System Pricing Trends, U.S. DOE – SunShot, Sep. 22, 2014. 

[17] PVWatts Calculator, National Renewable Energy Laboratory, [Online]. Available: 

http://pvwatts.nrel.gov/ 

[18] Electrification – Emerging Opportunities for Utility Growth, The Brattle Group, Jan., 2017. 

[19] Evaluating Electric Vehicle Charging Impacts and Customer Charging Behaviors – 
Experience from Six Smart Grid Investment Grant Projects, U.S. DOE, Dec, 2014. 

54 

https://www.scientificamerican.com/article/renewables-boom-expected-thanks-to-tax-credit/
http://pvwatts.nrel.gov/


 
 

 
 
    

 
 
 
 
 
 

  

  

_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

2017 Lincoln Cooperative Integrated Resource Plan 

Appendix A:  Existing LES Resources 





 
 

  
 

     
    

 
   

 
   

  
 

  
     

  
 

 
   

  
 
  

    
 

  
 

   
  

  
 

  
   

  
  

 
   

 
  

    
 

  
 

 
 

 
    

   
 

  

COAL 

SHELDON STATION 
The coal-fired plant, owned by Nebraska Public Power District, was completed in 1968. LES 
currently contacts for 30 percent of the output, or approximately 65 MW. This contract is set to 
terminate at the end of 2017, ending LES’ participation in the facility. 

GERALD GENTLEMAN STATION 
Owned by Nebraska Public Power District, LES participates under a life-of-plant contract by 
purchasing 8 percent of the output, or approximately 109 MW. The final phase of this coal-fired 
plant was completed in 1982. 

LARAMIE RIVER STATION 
LES owns 12.76 percent of this coal-fired power plant with approximately 10.5 percent, or 179 
MW, available after ownership and participation sales. Construction was completed in 1982 on 
the three-unit, 1,710-MW plant. 

WALTER SCOTT JR. ENERGY CENTER #4 
LES owns 12.66 percent of Walter Scott Jr. Energy Center Unit 4 near Council Bluffs, Iowa, 
along with MidAmerican Energy Company (MEC) and 12 other companies. The 816-MW, coal-
fired plant was completed in 2007 and provides LES approximately 103 MW. To further diversify 
generation, in January 2008 LES executed an agreement with MEC to exchange energy derived 
from 50 MW of Unit 4 with 50 MW of Unit 3. 

NATURAL GAS 

8TH & J GENERATING STATION 
LES’ oil- or natural gas-fired power plant, with one simple-cycle combustion turbine totaling 29 
MW, was installed in 1972. 

TERRY BUNDY GENERATING STATION 
LES’ oil- or natural gas-fired, 167-MW plant uses waste heat from two aero-derivative 
combustion turbines to create steam, which is used to operate a steam turbine and generate 
additional power in a combined-cycle configuration. A third aero-derivative combustion turbine is 
operated in simple cycle. The plant also has a 2-MW “Black Start” unit on-site. The combustion 
turbines were placed in commercial operation in 2003, with the steam turbine following in 2004. 

ROKEBY GENERATION STATION 
LES’ power station with three oil- or natural gas-fired simple-cycle combustion turbines totaling 
255 MW including a 3-MW diesel gen-set. The combustion turbines were installed in 1975, 1996 
and 2001. 

RENEWABLE 

BLUFF ROAD LANDFILL GAS TO ENERGY 
LES completed construction of a 5-MW, landfill gas-generated facility in 2014. The methane fuel 
is supplied from the Bluff Road Landfill. 



  
       

    
    

 
   

    
  

    
 

 
   

  
   

   
  

 
  

   
     

   
 

   
   

 
   

 
 

   
    

    
     

  
 

   
   
   

   
 

 
  

  
    

   
 

 
   

    
  

   
 

WESTERN AREA POWER ADMINISTRATION 
LES purchases 56 MW of firm power, 72 MW of summer firm peaking, and 22 MW of winter firm 
peaking power from this hydropower resource. LES’ contract has historically been extended by 
amendment many times, but currently runs through 2020. 

ELKHORN RIDGE WIND FARM 
LES began receiving energy from a share of the Elkhorn Ridge Wind Farm in 2009, located 5 
miles north of Bloomfield in northeast Nebraska. LES entered into a power purchase agreement 
for 6 MW of the total 80-MW wind project, which consists of 27 wind turbines. This power 
purchase agreement expires in 2029. 

CROFTON BLUFFS WIND FARM 
In 2012, LES began receiving energy from a share of the Crofton Bluffs Wind Farm located 
southwest of Crofton in northeast Nebraska. LES entered into a power purchase agreement for 
3 MW of the total 42-MW wind project, which consists of 22 wind turbines. This power purchase 
agreement expires in 2032. 

LES WIND TURBINES 
LES has two wind turbines on the northeast side of Lincoln. The first wind turbine was 
completed in 1998 and the second in 1999. At full output, the turbines are capable of generating 
a combined total of 1 MW of power. 

LAREDO RIDGE WIND FARM 
LES began receiving energy from a share of the Laredo Ridge Wind Farm in 2011, located 
northeast of Petersburg, Nebraska, in Boone County. LES entered into a power purchase 
agreement for 10 MW of the total 80-MW wind project, which consists of 54 wind turbines. This 
power purchase agreement expires in 2031. 

BROKEN BOW WIND FARM 
LES began receiving energy from a share of the Broken Bow Wind Farm in 2012. LES entered 
into a power purchase agreement for 10 MW of the total 80-MW wind project, which consists of 
50 wind turbines. The project is located just east of the community of Broken Bow in central 
Nebraska. This power purchase agreement expires in 2032. 

ARBUCKLE MOUNTAIN WIND FARM 
LES began receiving energy from the Arbuckle Mountain Wind Farm in 2015. LES entered into 
a power purchase agreement for the full 100-MW project, which consists of 50 wind turbines. 
The project is located in south-central Oklahoma, about 80 miles south of Oklahoma City. This 
power purchase agreement expires in 2035. 

BUCKEYE WIND ENERGY CENTER 
LES began receiving energy from the Buckeye Wind Energy Center in 2015. LES entered into a 
power purchase agreement for the full 100-MW project, which consists of 56 wind turbines. The 
project is located in north-central Kansas, about 5 miles north of Hays, Kansas. This power 
purchase agreement expires in 2040. 

PRAIRIE BREEZE II WIND ENERGY CENTER 
LES began receiving energy from the Prairie Breeze II Wind Energy Center in 2015. LES 
entered into a power purchase agreement for the full 73-MW project, which consists of 41 wind 
turbines. The project is located in northeast Nebraska, about 5 miles east of Elgin, Nebraska. 
This power purchase agreement expires in 2040. 



 
  

   
    

  
 

COMMUNITY SOLAR FACILITY 
In 2016, LES began receiving energy from this approximately 5-MWDC/4-MWAC solar facility, 
located on the west edge of Lincoln, Nebraska. The project represents the first utility-scale solar 
facility in Nebraska and is one of the largest in the region. The related power purchase 
agreement expires in 2036. 
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This report has been prepared for the use of the client for the specific purposes identified in the 
report. The conclusions, observations and recommendations contained herein attributed to 
Leidos constitute the opinions of Leidos.  To the extent that statements, information and opinions 
provided by the client or others have been used in the preparation of this report, Leidos has relied 
upon the same to be accurate, and for which no assurances are intended and no representations 
or warranties are made.  Leidos makes no certification and gives no assurances except as 
explicitly set forth in this report. 
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EXECUTIVE SUMMARY 

Leidos Engineering, LLC (Leidos) was retained by Lincoln Electric System (“LES”) to 
provide consulting services in connection with the evaluation and expansion of its 
Sustainable Energy Program (“SEP”).  LES is a nonprofit, customer-owned utility that 
provides electric service to the cities of Lincoln and Waverly, Nebraska.  The SEP is a 
demand-side management program that has been in place since 2009 and consists of a 
portfolio of residential, commercial and industrial energy efficiency measures aimed at 
reducing system peak demand.  LES desired a review of its SEP to determine cost-
effectiveness of existing and potential new measures,  and whether projected program 
peak demand and energy reduction impacts were properly attributed to the SEP and 
integrated into LES’ planning functions. 

A review of the SEP ensures that (i) the current program assumptions and methods align 
with industry standards, (ii) the programs are cost-effective, (iii) potential cost-effective 
programs are identified and evaluated, and (iv) the energy and demand impacts are 
appropriately integrated into the utility’s long range forecast and planning. 

The scope of Leidos activities related to this review consisted of the following, with the 
objective designation shown in parenthesis: 

 A review of the existing SEP measure parameters, including energy and demand 
savings, incremental install costs, and useful life (Objective 1) 

 A review of SEP terms and conditions relative to industry best practices 
(Objective 2) 

 An evaluation of the economics of the existing SEP measures (Objective 3) 

 A review of the integration of SEP impacts into LES’ load forecasting process 
(Objective 4) 

 An evaluation of the potential for expansion of the SEP (Objective 5) 

The methodology, data sources, and outcome of each of these efforts is discussed below. 

Review of SEP Measure Parameters 
Leidos requested from LES historical data regarding estimated energy and demand 
impacts of the SEP measures and the calculations and assumptions that underpin those 
estimated impacts. In addition to impact estimates at the measure level, Leidos requested 
that LES provide data regarding individual projects, particularly for commercial and 
industrial (C&I) measures that consisted of a range of differing technologies, end use 
sizing, and project configurations within an individual measure (which we termed 
“transactional detail”).  This is the case for LES’ C&I lighting measures within the SEP. 
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EXECUTIVE SUMMARY 

The parameters review focused primarily on benchmarking methods and assumptions 
to Leidos internal methodology and demand-side management (DSM) measure 
parameter database, supplemented where necessary by industry-standard external 
resources such as state energy office Technical Resource Manuals (“TRM”), deemed 
savings databases, or other sources, as appropriate and as deemed relevant to the review. 

As a result of this review, Leidos found that LES algorithms, assumptions, and resulting 
energy and demand impacts were in general alignment with industry-standard practices. 
However, the following issues were identified that LES should consider addressing for 
downstream use in planning and evaluation analyses: 

 Demand impacts for some measures do not adjust for coincidence3 of peak 
demand reduction with LES’ typical late afternoon, summer weekday peak.   

 Energy and demand impacts do not include a “net-to-gross” adjustment, which 
captures issues such as free ridership1, the rebound effect2, and other factors. 

Leidos researched appropriate values for coincidence and net-to-gross factors across 
existing SEP measures and worked with LES staff to refine these values for use in the 
downstream evaluation. Similar values were researched for the evaluation of potential 
additional SEP measures, as discussed in Section 5.   

Estimated coincidence factors for existing SEP measures by category are depicted in 
Figure ES-1. As shown in the chart, estimated coincident peak factors3 range from 55 
to 80 percent. The value of 100 percent shown for Whole House Sealing reflects that 
the given demand impact value is assumed to already reflect a generally coincident 
value. For example, the estimated demand savings value for the Whole House Sealing 
measure was assumed to be based on analyses of such impacts for late afternoon peaking 
utilities. Conversely, the measures that reflect varying coincidence factors are generally 
characterized by demand savings that are based on the peak operation of specific end 
use equipment. 

1 Free ridership refers to situations in which a program participant earns an incentive for a purchase or 
other activity that they would have done whether the incentive was available or not. 
2 The rebound effect refers to the offset to an improvement in energy efficiency of a given end use 
resulting from increased utilization driven by the end user’s perception that some increase in utilization 
can still result in lower overall consumption than before the improvement. 
3 Coincident peak, or coincidence, factor is a measure of the difference between the demand impact 
during the hour of the system peak and the overall highest demand (which could be a sub-hourly value). 
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Figure ES-1: Estimated Coincident Peak Factors for Existing SEP Measures 

Estimated net-to-gross factors for existing SEP measures by category are depicted in 
Figure ES-2.  As shown in the chart, estimated net-to-gross factors range from 60 to 80 
percent. The values on the residential side reflect that consumers require incentives to 
make long-term investments, implying higher net-to-gross, but also can be characterized 
by a discernable rebound effect and lack of follow-through or persistence.  C&I 
measures, on the other hand, tend to reflect greater free ridership than residential 
measures, as businesses tend to be more likely to make reasonable investments even 
without incentives but may take advantage of such incentives anyway.  C&I customers 
are also far less likely to have a rebound effect on energy efficiency measures, as end 
use operation will be predominantly a function of business needs only. 
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Figure ES-2: Estimated Net-to-Gross Factors for Existing SEP Measures 

Review of SEP Terms and Conditions 
In parallel with the review of SEP energy and demand impact estimate, Leidos reviewed 
the terms and conditions of the SEP measures to determine whether these attributes and 
processes align with industry best practices, including the following program attributes,: 

 General applicant requirements 

 Key steps in the process 

 Orientation requirements for contractors 

 Restrictions regarding the duration of time during which rebates or incentives 
must be sought out 

 Inspections requirements 

In addition, the methodology to determine incentive levels and the incentive levels 
themselves were reviewed relative to those of other utilities with which we are familiar 
in the region. 

In general, Leidos’ review did not uncover any material misalignment between the SEP 
and typical industry practices with respect to program terms, conditions, and processes. 
Importantly, the terms and conditions are very clearly communicated and do not appear 
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EXECUTIVE SUMMARY 

to present any material barriers to participation/uptake by interested parties.  However, 
Leidos provided several observations and suggestions for adjustments to the SEP terms 
and processes, including adjusting certain conditions that appeared to limit incentives 
to improvements impacting peak periods only, expansion of items covered as part of 
incentives, and certain issues of consistency across measures.  The focus of the SEP on 
reducing loads during peak periods has been driven from a legacy view that assigned a 
significant value to avoided capacity costs, which has been revised lower as discussed 
further herein. 

With regard to incentive levels, Leidos found that, other than HVAC-related incentives, 
which appeared to be at the high end of the typical range in the Midwest, incentives 
across most other measures were well within the typical range of utilities in the region. 
These higher HVAC incentives were driven primarily by the previously-assumed 
avoided capacity costs and the fact that the typical LES peak occurs in the summer.  The 
range of HVAC-related rebates of other Midwest utilities, compared to the LES 
incentive levels, are show in Figure ES-3 below.4 
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Figure ES-3: HVAC-Related Incentives Offered by LES v. Benchmark Utilities  

4 Values for LES are based on 2015 SEP incentive levels, the average efficiency level from 2015 
program activity, and 2.5 ton average size. 

LES SEP Review_Final Report_20161024 Leidos, Inc. ES-5 



 

  

 

  

 

 

 

  
 

  

 
 

 

 

                                                 
  

    
   

EXECUTIVE SUMMARY 

Evaluation of Existing SEP Measures 
Leidos utilized the energy and demand savings resulting from the review above in a 
cost-effectiveness evaluation conducted using the Consumption Abatement and 
Reduction Analysis Tool (“CARAT”), a Leidos proprietary, spreadsheet-based model 
that produces cost-benefit metrics from various perspectives.  The cost-benefit analysis 
approach embedded in CARAT reflect industry-standard methods regarding the range 
of costs and benefits that are captured in viewing the economics from the perspectives 
of the utility, the participating customer, other customers, and the overall system 
encompassing both the utility and all customers.   

There are four industry-standard benefit-cost ratios that are computed in the CARAT 
model and are defined as follows: 

1. Utility Cost Test (“UCT”) – A measure of whether the benefits of avoided utility 
costs are greater than the costs incurred by a utility to implement the program. 

2. Rate Impact Measure (“RIM”) Test – A measure of whether utility ratepayers 
that do not participate in the program would see an increase in retail rates as a 
result of other customers participating in a utility-sponsored program. 

3. Total Resource Cost (“TRC”) Test – A measure of whether the combined 
benefits of the utility and customers participating in the program are greater than 
the combined costs to implement the program. 

4. Participant Cost Test (“PCT”) – A measure of whether the cost burden for the 
participants in the program is reasonable relative to the estimated bill savings 
and any additional indirect benefits (as applicable). 

The results of these tests are the ratio of the net present value of the relevant benefits 
and costs, such that values above 1.0 reflect that the benefits are greater than the costs 
and are, hence, cost-effective.  Conversely, values below 1.0 reflect a situation in which 
the costs are greater than the benefits and are therefore not cost-effective.  However, for 
most purposes herein, values between 0.6 and 1.0 are viewed as “marginal,” the idea 
being that many assumptions used in the analysis are somewhat uncertain, and relatively 
small changes in assumptions can result in significant movement in the resulting test 
statistic. 

The evaluation was conducted over a 20-year period of SEP activity, starting in 2016 
and ending in 2035, along with the inclusion of end-period (terminal) effects (the “Study 
Period”).5 

In order to fully parameterize the evaluation, Leidos worked with LES to develop a full 
range of required assumptions regarding avoided costs, retail rates, and administrative 
costs. 

5 While SEP activity through 2035 only are reflected in the evaluation, the impacts of such activity 
through the end of the useful lives of the affected equipment has been captured, with certain simplifying 
assumptions for periods beyond 2035. 
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EXECUTIVE SUMMARY 

 Avoided capacity costs.  While LES has no immediate need for new capacity, 
the utility could sell capacity and/or capacity costs could be avoided at some 
point in the future and under some scenarios.  Accordingly, an avoided capacity 
value was assigned for the Base Case based on recent capacity prices in the 
MISO market.  In addition, a High Capacity Value scenario capturing capacity 
costs based on a hypothetical avoided resource was evaluated, assuming a 
capacity value of $80 per kW-year in 2016, escalated at inflation.  This capacity 
value is based on a hypothetical resource with a capital cost of $1,000 per kW 
financed at 5% for 20 years. This High Capacity Value Case is intended to be 
approximately consistent with LES’ avoided cost assumptions used to justify 
existing SEP measures in the past. 

 Avoided energy costs.  Avoided energy costs were based on projected 
Southwest Power Pool (“SPP”) Locational Marginal Prices (“LMP”) based on 
PROMOD simulations prepared by LES for the 2016 budget.  Various averages 
were computed based on very approximate load profiles of end uses targeted by 
the SEP measures. 

 Avoided transmission costs.  LES has provided Leidos with an estimate of 
avoided transmission costs on both unit-demand and unit-energy bases, the 
former based on a reduced share of transmission upgrade costs applied to LES 
by SPP, and the latter reducing the share of administrative costs applied to LES 
by SPP. 

 Avoided carbon costs.  For the Base Case evaluation, potential benefits of 
carbon avoidance were assumed to be zero.  For a Carbon Case, avoided carbon 
costs were assumed based on a “high case” of projected carbon emissions prices 
from a 2015 hypothetical study by Synapse on carbon emissions regulations. 

 Administrative costs.  Administrative costs of SEP measures were based on 
2014 SEP expenses allocated across the SEP measures based on participation 
levels and escalated over the Study Period based on an assumed inflation rate of 
2.3 percent. 

 Retail rates.  Retail rates for the residential and C&I sectors were taken from 
the LES website. At LES’ direction, retail rates over the Study Period were 
adjusted to reflect LES plans to re-allocate some costs from energy rates to 
customer charges. 

Table ES-1 depicts the results of a High Capacity Value Case that, up until now, has 
been used to justify the cost-effectiveness of the SEP portfolio of measures. The High 
Capacity Value Case reflects avoided capacity costs based on the addition of a 
hypothetical resource. As mentioned above, values above 1.0 reflect that the measure 
in question is cost-effective for the test statistic in question, based on the underlying 
assumptions.  These cells have been shaded in a soft green color.  However, values that 
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EXECUTIVE SUMMARY 

fall between 0.6 and 1.0, while reflecting measures that are not quite cost-effective based 
on the assumptions, can be viewed as being marginal.  These cells have been highlighted 
with a soft yellow color.  The premise for these results is that even a fairly small change 
in assumptions might move the results into cost-effective territory.  Note that a PCT 
shown as blank has no actual participant cost component, such that the PCT would be 
effectively infinite.   

Table ES-1 
Benefit-Cost Ratio Results – Existing Measures (High Capacity Value Case) 

Program Measure Utility Cost Test Rate Impact 
Measure Test 

Total Resource 
Cost Test 

Participant Cost 
Test 

R
es

id
en

tia
l 

AC 0.78 0.52 0.39 0.50 

ASHP 0.92 0.57 0.34 0.35 

GSHP 0.95 0.59 0.18 0.14 

Whole House Sealing & 
Insulation 

0.82 0.62 0.33 0.22 

Freezer/Refrigerator 
Recycling Program 

2.00 0.64 2.00  -

Energy Detective Kit 0.61 0.28 0.69  -

C
om

m
er

ci
al

 

AC 0.69 0.34 0.13 0.24 

ASHP 0.67 0.36 0.14 0.23 

GSHP 0.90 0.46 0.10 0.12 

Lighting - HID 2.86 0.72 1.72 4.50 

Lighting - LED 3.20 0.77 1.69 3.53 

Lighting - Screw-in LED 3.17 0.66 2.48 13.58 

Custom Efficiency 
Measures 2.95 0.77 1.57 3.20 

Power Purchase Program 
- Customer Generation 

21.08 21.08 24.13 1.22 

Power Purchase Program 
- Customer Curtailment 

31.63 31.63 - -

From inspection of Table ES-1, it is fairly evident that the majority of SEP measures 
either passed or were marginally cost effective based on the UCT, which is viewed as 
the primary indicator for LES, as well as many utilities and regulatory bodies across the 
U.S. However, based on updated LES load forecasts, it appears that additional  capacity 
requirements have been pushed beyond the next 10 years.  Accordingly, the value of 
capacity assumed above can be viewed as being outdated, as LES does not have a 
capacity need in the near- to medium-term and hence has no direct avoided capacity 
value. 
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In the Base Case, as mentioned previously, capacity values reflecting current and near-
term future market conditions in the MISO market have been used for evaluation of the 
existing SEP portfolio as an alternative view of the value of capacity.  The premise for 
purposes of the Base Case is that LES theoretically could sell some capacity to a third 
party and should value such avoided capacity accordingly.  The Base Case cost-
effectiveness evaluation results for existing SEP measures are depicted in Table ES-2 
below. 

Table ES-2 
Benefit-Cost Ratio Results – Existing Measures (Base Case) 

Program Measure Utility Cost Test 
Rate Impact 

Measure Test 
Total Resource 

Cost Test 
Participant Cost 

Test 

R
es

id
en

tia
l 

AC 0.43 0.29 0.21 0.50 

ASHP 0.55 0.34 0.20 0.35 

GSHP 0.54 0.34 0.10 0.14 

Whole House Sealing & 
Insulation 

0.46 0.35 0.18 0.22 

Freezer/Refrigerator 
Recycling Program 1.45 0.47 1.45 -

Energy Detective Kit 0.61 0.28 0.69 -

C
om

m
er

ci
al

 

AC 0.40 0.20 0.08 0.24 

ASHP 0.44 0.24 0.09 0.23 

GSHP 0.73 0.37 0.08 0.12 

Lighting - HID 2.21 0.56 1.33 4.50 

Lighting - LED 2.57 0.62 1.36 3.53 

Lighting - Screw-in LED 2.25 0.47 1.76 13.58 

Custom Efficiency 
Measures 2.49 0.65 1.32 3.20 

Power Purchase Program 
Customer Generation 

6.54 6.54 7.49 1.22 

Power Purchase Program 
Customer Curtailment 

9.81 9.81 - -

As depicted in Table ES-2 above, the HVAC measures for both the residential and C&I 
sectors proved to have poor economics, based on all four tests.  The benefit-cost ratios 
for these HVAC measures were driven down as a result of low energy savings (due to 
the very low cooling load hours), coupled with low energy costs, low retail rates, 
relatively high financial incentives, and high participant costs.  Commercial lighting 
measures proved to be beneficial to the utility, with all three measures easily passing 
the UCT. These positive impacts result from the high energy and demand savings, 
relative to the incentive amounts.  The Commercial Custom Efficiency and Power 
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EXECUTIVE SUMMARY 

Purchase Programs proved to be most economical of the measures evaluated as they 
generally had the highest values across all four of the benefit-cost ratios. 

In addition to the Base Case, Leidos has also prepared evaluations for a Carbon Case, 
reflecting projected costs for carbon emissions.  Table ES-2 presents the cost-
effectiveness evaluation results for the Carbon Case.  

Table ES-3 
Benefit-Cost Ratio Results – Existing Measures (Carbon Case) 

Program Measure Utility Cost Test 
Rate Impact 

Measure Test 
Total Resource 

Cost Test 
Participant Cost 

Test 

R
es

id
en

tia
l 

AC 0.51 0.34 0.25 0.50 

ASHP 0.65 0.40 0.24 0.35 

GSHP 0.64 0.40 0.12 0.14 

Whole House Sealing & 
Insulation 0.53 0.40 0.21 0.22 

Freezer/Refrigerator 
Recycling Program 

1.83 0.59 1.83 -

Energy Detective Kit 0.82 0.37 0.93 -

C
om

m
er

ci
al

 

AC 0.48 0.24 0.09 0.24 

ASHP 0.53 0.28 0.11 0.23 

GSHP 0.93 0.48 0.10 0.12 

Lighting - HID 2.79 0.70 1.68 4.50 

Lighting - LED 3.27 0.79 1.73 3.53 

Lighting - Screw-in LED 2.83 0.59 2.21 13.58 

Custom Efficiency 
Measures 

3.27 0.85 1.74 3.20 

Power Purchase Program 
Customer Generation 

6.61 6.61 7.56 1.22 

Power Purchase Program 
Customer Curtailment 

9.91 9.91 - -

As depicted in Table ES-3 above, the Carbon Case results reflect increased benefit-cost 
ratios in the UCT, RIM, and TRC for all measures, while the PCT remains unchanged 
as it was assumed for simplicity’s sake that carbon prices would have no effect on retail 
rates.  As LES retail rates would likely be impacted in the upward direction by a carbon 
regulation scenario, the PCT results would likely improve to a similar degree as the 
UCT and TRC. While the inclusion of carbon prices did increase the benefit-cost ratios, 
the overall success only changed for commercial lighting–HID, on a TRC basis (which 
was already cost-effective on a UCT and PCT basis). 
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EXECUTIVE SUMMARY 

Based on the benefit-cost ratio results, the following are some overall inferences on the 
market and economic factors that impact the performance across the SEP measures and 
across the cases shown above: 

 Avoided energy costs have declined dramatically over the last few years, along 
with natural gas prices.  This decline has pressured the financial performance of 
the SEP measures and is an impediment to DSM economics that the entire utility 
industry is grappling with. 

 Avoided capacity costs are low given the very weak current (and near-term 
projected) market conditions. 

 Incentive levels tend to be fairly high, relative to certain other benchmark utility 
programs, particularly for HVAC measures and more so on the residential side 
than the C&I side. 

 In an effort to adequately recover fixed costs from residential and small 
commercial customers, LES plans to shift costs out of the variable energy charge 
and into the fixed facilities charge over the next several years.  The net impact 
of this necessary rate restructuring will reduce participant benefits and, hence, 
the PCT results above, somewhat while slightly improving the RIM test results 
(as lower energy rates would result in lower lost revenues from reduced 
consumption).  

Review of Integration of SEP into LES Planning  
Leidos engaged a review of the LES load forecast and its methodology to incorporate 
the existing SEP impacts into the forecast and downstream planning process.  While the 
primary purpose was to review the methodology by which the SEP impacts were being 
integrated into the load forecast relative to industry best practices, Leidos also has 
provided feedback on the overall forecast approach, driving variables, equation 
parameters results, and data sources.  

This review concluded that, most importantly, the methodology for incorporation of the 
SEP impacts into the forecast is sound and follows the best practices in the industry. 
Many utilities ignore such impacts altogether in the forecast; most utilities take such 
impacts into account in some way, such as (i) making an upward adjustment to the 
forecast to account for higher load levels that would have been realized had it not been 
for such measures and subtracting future impacts or (ii) simply subtracting future 
incremental impacts.  LES’ process of creating a hypothetical or counter-factual history, 
as if the SEP had not been in place, performing the necessary modeling to forecast 
system sales/requirements gross of the SEP, and then backing out future SEP impacts is 
the most reasonable and widely accepted approach. 
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EXECUTIVE SUMMARY 

Leidos also provided a series of observations regarding potential issues related to the 
load forecast methodology and underlying data and suggestions to address these issues, 
recognizing that most of the issues identified are fairly minor and may not have large 
impacts on the forecast results. 

In addition to the methodology review, Leidos worked with LES on developing a 
database tool to “house” historical and future SEP and DR program impacts that, 
recognizing the conclusions above, in essence represented an extension of LES’ existing 
approach to populate these impacts in the load forecast and other planning analyses.   

Evaluation of Prospective Future SEP Measures 
In order to consider potential future DSM measures that could economically expand 
LES’ SEP, Leidos relied on input from LES staff, existing studies and resources 
compiled by LES, and our experience with the energy efficiency programs of other 
utilities across the country to identify a list of potential new measures for evaluation. 
Additionally, we have relied upon the results of the Objective 3 evaluations and the 
current level of LES avoided costs that can be anticipated, to help winnow down and 
bound the set of measures, to some extent, based on a priori expectations for success. 

A list of 16 potential new measures, including numerous measures for both the 
residential and C&I sectors and some that reflected multiple “sub-measures,” was 
developed and evaluated using the same assumptions utilized for the existing SEP 
measure evaluation discussed above.  Table ES-4 below provides the resulting benefit-
cost ratios from these evaluations.  The results reflect that most potential measures 
proved to be cost-effective based on the UCT, with fewer passing the TRC. The 
majority also passed the PCT, although many measures did not reflect a participant 
contribution at all and such PCT ratios were effectively infinite.  No measure passed the 
RIM test, although many were marginal, and this test is not often viewed as decisive in 
terms of endorsement. 

For detailed descriptions of each of these potential new measures, see Section 5. 
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EXECUTIVE SUMMARY 

Table ES-4 
Benefit-Cost Ratio Results – Potential New Measures (Base Case) 

Program Measure Utility Cost Test Rate Impact 
Measure Test 

Total Resource 
Cost Test 

Participant Cost 
Test 

R
es

id
en

tia
l 

LED Rebate 2.37 0.65 1.55 5.00 

LED Multi-family (MF) Direct Install 1.80 0.60 1.80  -

Residential Benchmarking Energy Report 0.83 0.33 0.83  -
Bring-Your-Own-Thermostat (BYOT) 
Demand Response (DR) 

0.63 0.50 0.85  2.92 

Direct-Install Smart T-stat DR 0.44 0.37 0.70  -

AC DLC (Wifi) DR 0.30 0.29 0.48  -

AC DLC (Cell) DR 0.26 0.26 0.40  -

HE Pool Pump 1.12 0.36 0.32 0.85 

Shade Trees (Sapling Planting) 1.48 0.56 1.48  -

Smart Thermostat Rebate 1.41 0.55 0.49 0.82 

HE Furnace Blower 8.34 0.72 3.33 7.00 

Low Flow Faucet Direct Install (MF) 3.19 0.78 3.19 -

Low Flow Showerhead Direct Install (MF) 11.44 0.91 11.44 -

House Sealing Direct Install (MF) 0.82 0.50 0.27 0.32 

C
om

m
er

ci
al

 

Automatic Door Closer 3.82 0.68 2.01 5.18 

Anti-Sweat Heater Control 4.12 0.73 1.02 1.54 

ECM Motor 3.48 0.72 1.24 2.09 

Strip Curtain 2.98 0.68 0.90 1.47 

Evaporator Fan Control 2.80 0.66 0.60 0.90 

Floating Head Pressure Control 2.65 0.96 0.67 0.59 

Defrost Control 4.41 0.28 0.52 1.94 

Variable Speed Compressor Control 3.05 0.66 1.29 2.63 

Var. Speed Pool Pump 2.50 0.74 1.33 2.68 

BYOT Smart T-stat 0.96 0.16 1.49 31.25 

Direct Install Smart T-stat 0.80 0.16 1.43 -

AC DLC (Wifi) 0.66 0.13 1.20  -

AC DLC (Cell) 0.62 0.13 1.09  -

Shade Screen or Device 0.24 0.11 0.17 2.57 

The following sections provide details regarding the purpose, approach, and results of 
the SEP Review, organized by the Objectives identified earlier.   
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Section 1 
Evaluation of LES SEP Measure Assumptions (Objective 1) 

Purpose of Objective 
The purpose of this objective is threefold – (i) establish the validity of LES standard 
practices and assumptions for SEP measures in relation to the industry standard, (ii) 
identify omissions or discrepancies that could be considered in future revisions of ex 
ante savings’ technical assumptions, and (iii) assign energy and demand savings, as well 
as other measure-specific assumptions of a technical nature, to each SEP measure. 

Approach 
Leidos has reviewed the sources of data deployed to assign energy and demand savings 
to each SEP measure, benchmarking methods and resulting savings values to our 
internal methodology and DSM measure parameter database, supplemented where 
necessary by industry standard external resources such as state energy office Technical 
Reference/Resource Manuals (“TRM”), deemed savings databases, energy calculators 
(e.g., Energy Star), or other sources, as appropriate.  Leidos has also reviewed other 
measure-specific inputs of a technical nature, most importantly (i) assumed net-to-gross 
(“NTG”) factors (capturing free ridership, the “rebound effect ”, leakage , and other 
factors), (ii) assumed peak coincidence, (iii) assumed useful life of each measure, and 
(iv) assumed baseline conditions relative to savings estimated after implementation. 
LES did not provide projected adoption rates for each measure over the course of the 
next 10 years, as it was resolved that such projections would be developed as part of the 
Objective 3 Evaluation of Existing SEP Measures. 

In general, we have based our review on the summary level files provided by LES that 
describe the history and mathematical calculations for energy and demand savings at 
the measure level.  However, in an effort to provide as much review value as possible 
in terms of compartmentalizing the individual transactions that comprise each measure, 
Leidos requested that LES provide the individual transaction level detail for key 
measures, which LES has done as either an extract from their Nexant data tracking 
platform or through hand entry and transcription.  While the annualized nature of the 
data provided did not contain every year and every transaction, Leidos has worked to 
isolate specific unit level transactions from the data available as part of our review.  As 
shown in the Summary of Objective Findings subsection below and in the supporting 
appendices, certain assumption adjustments suggested by the Leidos review apply to 
each sub-type of transaction, most notably NTG and peak coincidence assumptions, 
whereas other assumptions that are of a technical nature that depend upon the 
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Section 1 

relationship between the assumed baseline and the class or type of new item deployed 
have been tabularized in separate tables (e.g., increasing SEER or EER levels and 
associated increases in energy and demand savings).  

For purposes of the analytical evaluation of the cost-effectiveness of each measure, 
Leidos has developed “archetype” assumptions reflective of weighted averages of 
individual transactions for program measures that involve different sub-types of 
activities.  These archetype assumptions are provided in addition to the more detailed 
tables, and are proposed to be the basis for the Consumption Abatement and Reduction 
Analysis Tool (“CARAT”) model simulations to be performed as part of Objective 3. 

Results 
LES provided a summary of their savings calculations, applying standard engineering 
algorithms to calculate gross kW and annual kWh savings, parameterized with a 
combination of deemed or user-input values.  Leidos compared this summary to several 
alternative sources of engineering algorithms and assumptions for the same measures 
based on the approach noted above. The central sources utilized for this purpose are as 
follows:  

 Pennsylvania June 2015 Technical Reference Manual (utilizing the same energy 
code as Lincoln) 

 Xcel Energy Technical Reference Manual for the Colorado 2016 DSM Plan 
(used as a benchmark due to geographic proximity) 

 2014 California Municipal Utilities Association (“CMUA”) Technical 
Reference Manual (used as a benchmark given the nature of the utilities engaged 
in the document - public power entities) 

 Indiana December 2012 Technical Resource Manual 
 Mid-Atlantic Technical Reference Manual (Northeast Energy Efficiency 

Partnerships, June 2014) 
 Tennessee Valley Authority January 2015 Technical Resource Manual 
 California Database of Energy Efficiency Resources (“DEER”) 
 Additional resources provided by LES, including an alternative vintage of the 

Xcel Energy document, information from the state of New York’s Technical 
Reference Manual, and a Minnesota resource on commercial and industrial 
lighting controls 

In general, LES algorithms and deemed assumptions are in agreement with these 
alternative references and general industry practices with which Leidos is familiar. 
Based on our review, Leidos observed the following omissions or discrepancies that 
could be considered in future revisions of ex ante savings’ technical assumptions: 
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Evaluation of LES SEP Measure Assumptions (Objective 1) 

Interactive Impacts of Lighting Efficiency on HVAC 

Semi-deemed6 demand and energy savings algorithms for lighting often adjust for 
“interactive effects” of reducing lighting load and its associated waste heat on cooling 
and heating loads.  Interactive effects can have some potential impact on cooling and 
heating loads, depending on the contribution of cooling and heating to a site’s overall 
electric energy consumption.   

The LES algorithms currently assume no added interactive effects. Based on discussions 
with LES, it was determined that while interactive effects are recognized as a possibility, 
they will not be considered as part of the core assumptions for the SEP program or the 
cost-benefit evaluations due to the low likelihood of such effects having a material 
impact on the performance of a given SEP measure from a cost-effectiveness 
perspective. 

Coincidence of Demand Impacts with LES peak 

Demand savings do not appear to adjust for coincidence of peak demand reduction with 
LES’ typical late afternoon, summer weekday peak.  For many measures, the “raw” 
peak demand reduction is based on the maximum sub-hour demand of the technology, 
which may occur at a differing time of the day and may have a duty cycle that is less 
than an hour during typical peak periods. 

 For commercial lighting measures, many technical resources and related studies 
regarding DSM programs reflect that a portion of lighting is not active during 
very late afternoon peaks. 

 For HVAC measures, the coincidence of operation as well as duty cycle should 
be taken into account in determining an appropriate coincidence factor relative 
to efficiency ratings and capacity.   

 Additionally, building energy management controls, compressor controls, and 
commissioning measures often take advantage of lighter load operating 
conditions to reduce power and energy use, and are more likely to reduce off-
peak loads than on-peak loads. 

Leidos researched appropriate values for coincidence factors across existing SEP 
measures and worked with LES staff to refine these values for use in the downstream 
evaluation. Based on interaction with LES and multiple iterations of review of data 
sources, it was determined that LES desires to limit the assumed system peak for 
purposes of estimating coincidence to hour-ending 5 PM, which represents the majority 
of LES annual peaks. For energy management systems, LES has investigated additional 

6 Semi-deemed measures refer to those whose estimated energy savings are quantified using a mix of 
stipulated performance parameters and measured or site-specific inputs applied to an engineering 
algorithm.  Semi-deemed measures therefore differ from fully deemed measures, whose savings are 
comprised of stipulated input parameters, often from past measurement and verification study results. 
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Section 1 

sources of primary information to inform longer-term estimates of peak demand 
coincidence. 

Estimated coincidence factors for existing SEP measures by category are depicted 
below in Figure 1-1. As shown in the chart, estimated coincidence factors range from 
55 to 80 percent. The value of 100 percent shown for Whole House Sealing and 
Refrigerator/Freezer Recycling reflects that the given demand impact value is assumed 
to already reflect a generally coincident value.  For example, the estimated demand 
savings value for the Whole House Sealing measure was assumed to be based on 
analyses of such impacts for late afternoon peaking utilities.  Similarly, the estimated 
demand savings value for the Refrigerator/Freezer Recycling was assumed to already 
reflect the typical duty cycle of these devices, which also tend to operate at highly 
variable levels throughout the day, rather than following a strong pattern that would 
drive a particular coincidence at a given peak timing.  Conversely, the measures that 
reflect varying coincidence factors are generally characterized by demand savings that 
are based on the peak operation of specific end use equipment.   
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Figure 1-1: Estimated Coincident Peak Factors for Existing SEP Measures 

In general, residential air conditioning/heating tends to have a fairly high peak 
coincidence factor. Residential air conditioning/heating demand savings, which are 
based on directly computed differences in efficiency, are discounted as a function of 
duty cycles and diversity in operation during peak periods.  Residential energy 
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Evaluation of LES SEP Measure Assumptions (Objective 1) 

efficiency kits provided as part of LES’ energy efficiency education program tend to 
reflect somewhat lower coincidence as lighting and water heating impacts that make up 
a large part of the demand savings tend to have fairly low duty cycles, sparse utilization 
during LES peak periods, and/or low coincidence across the installed base. 

Commercial coincidence factors tend to be lower than residential coincidence factors 
given that a portion of commercial businesses may not be fully utilized and/or space 
conditioning utilization may be ramping down during the window of relevant peak times 
for LES. Custom improvement projects tend to involve end uses specific to a particular 
industry, building envelope and other HVAC improvements, building energy 
management systems and controls, and motors.  Many of these end uses tend to have 
low duty cycles, particularly during the relevant peak period and/or are designed around 
reducing off-peak loads, including utilizing “part-load” operation, which reduces energy 
consumption but has a limited impact on the contribution toward the LES summer peak. 

For purposes of assumed coincidence factors for commercial lighting, Leidos has 
selected sources that align with the peak period of interest, most notably the Mid-
Atlantic and Minnesota technical resources.  As a result of this truncation of the broader 
set of sources (some of which assume a much broader potential peak period), the peak 
coincidence factors proposed for the cost-benefit evaluation in downstream objectives 
reflect a balance between the existing literature, our experience, and the open interaction 
with LES on the most plausible commercial end-users that would participate in this 
program.  Table 1-1 below summarizes the key commercial sectors and their respective 
peak coincidence factors. As the cost-benefit analysis will be predicated upon the 
analysis of “archetype” measures, the average peak coincidence factor across customer 
types will serve as the basis for evaluation. 

Table 1-1 
Peak Coincidence Factors by Commercial Sector 

Commercial Customer Type 
Lighting Peak 

Coincidence Factor 

Grocery Store 100% 
Health Care 80% 
Office - Large Commercial 70% 
Office - Small Commercial 70% 
Retail - Large Commercial 100% 
Retail - Small Commercial 90% 
Schools 60% 
Warehouse - Large Commercial 80% 
Warehouse - Small Commercial 80% 
Other Commercial 80% 
Average (Commercial Lighting) 80% 
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Net-to-Gross Adjustment Methodology 

Up to this point, LES has not reflected reductions to engineering-based energy and 
demand savings estimates to capture free ridership, the rebound effect, or other NTG 
factors. Based on a review across numerous TRMs and our experience, we have 
developed the following proposed NTG factors across the existing SEP measures.  The 
estimated net-to-gross factors for existing SEP measures by category are depicted in 
Figure 1-2. 
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Figure 1-2: Estimated Net-to-Gross Factors for Existing SEP Measures 

The values above generally reflect an approximate average across several TRMs, where 
comparative measures were readily available, with some adjustment where deemed 
appropriate, and reflect the following principles: 

 Residential consumers tend to have very high implied discount rates, such that 
up-front costs carry far greater weight than savings farther into the future.  This 
is an impediment to energy efficiency and, all else equal, results in higher NTG 
factors (i.e., residential SEP measures are unlikely to have a high proportion of 
free riders). In the case of Ground Source Heat Pumps, the level of free ridership 
(and overall participation) is likely to be much lower once the federal tax credit 
is curtailed. 
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Evaluation of LES SEP Measure Assumptions (Objective 1) 

 Residential HVAC measures will tend to be subject to somewhat higher 
utilization subsequent to measure installation, as the resident seeks greater 
comfort based on the greater efficiency (as noted above, this is commonly 
referred to as the “rebound effect”). 

 C&I measures tend to reflect greater free ridership than residential measures, as 
businesses tend to view energy efficiency investments as similar to other 
investments, incorporating reasonable implied discount factors, and will be more 
likely to make these investments even without incentives. 

Additional Miscellaneous Issues 

LES appears to rely on compressed air audits and customized engineering analysis for 
ex ante savings from C&I compressed air measures.  The 2015 PA TRM and other 
potential resources prescribe deemed and semi-deemed kW and annual kWh savings for 
certain common compressed air measures that may facilitate small and medium 
customer participation and streamline the technical review process. LES reports that 
there is significant value in the extent of audits and custom analysis currently relied 
upon, and consequently, such activities should continue to be pursued as the primary 
source of information. To the extent that collaboration with specific customers may 
present an opportunity to reduce the level of auditing efforts, sources do exist to 
facilitate such an adjustment. 

C&I energy management system measures and variable speed drives on motors utilize 
deemed savings factors that may be conservative for many applications. Leidos has 
populated the tables in support of the CARAT model evaluations, as well as the 
supportive detailed tables, with the suggested best available assumptions to utilize in 
this regard (as well as for all other SEP measures). 

LES has eliminated the T12 baseline lighting equipment option, in response to 2012 
EPACT linear fluorescent manufacturing standards. While many commercial and 
industrial sites may still have substantial quantities of installed T12 lighting in use, C&I 
DSM programs and technical reference manuals are now referencing standard wattage 
T8 and T5 equipment. Lighting program potential savings will be reduced by this 
change, but at the same time improvements in LED technologies and costs are adding 
additional lighting potential. 

Leidos has followed the typical industry approach and LES’ savings estimation 
approach in setting baselines in many cases to code-compliant equipment.  However, it 
may be that the typical alternative equipment, without the incentive, may exceed the 
code-compliant efficiency.  Leidos’ typical practice is to work with the utility to 
understand whether typical purchases exceed the minimum required efficiency, 
recognizing that the net-to-gross paradigm also helps to capture an allowance for this 
issue. 
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Section 2 
Review of LES SEP Terms and Conditions (Objective 2) 

Purpose of Objective 
The purpose of this objective is to review documentation regarding each measures terms 
and conditions, and to review LES incentive levels relative to overall measure 
economics from the participant perspective, in order to determine how each aligns with 
industry standards. 

Approach 
Leidos has reviewed documentation regarding each SEP measure’s terms and 
conditions based on data provided by LES. The documentation elucidates the general 
requirements for LES to remit incentives on a by-program basis, including key steps 
such as preauthorization, orientation requirements, the rights of LES to conduct 
inspections, and various other critical terms that define the boundary and extent of LES’ 
involvement (including an explicit note in each case that LES’ remittance of incentives 
in no way results in an endorsement of a given contractor and that LES takes no 
ownership interest in the project or property in question). 

In addition to this core review, we have reviewed the material on LES’ website, the 
approach and methodology to determine incentive levels, and the historical data 
regarding program participation per year. This information has been examined 
holistically in order to support the development of findings related to the following key 
issues as codified during the LES kickoff meeting: 

 Are there any terms or conditions within the SEP that are misaligned relative to 
other programs and measure terms with which Leidos is familiar? Do the SEP 
terms and conditions generally align with industry-standard practices? 

 Are there certain terms or conditions that LES might consider adding or revising 
in order to more properly balance participation levels and interest with a rigorous 
validation process? 

 Do the incentive levels and approach to calculation of incentives align with 
Leidos’ prior experience? Do incentive levels appropriately support overall 
measure economics from the participant perspective based on our experience 
with energy efficiency program development, implementation, and 
management? Do incentive levels generally support the appropriate balance of 
potential free ridership and ensuring a reasonable level of participation? 
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Section 2 

The objective findings below are associated with the questions above, and are generally 
organized in order of (i) review of the specific term sheets and participatory conditions 
of each measure and (ii) commentary and findings related to specific incentive levels 
and the approach to calculating incentives. 

Results 
Based on the data available and the review approach described above, the LES SEP 
terms and conditions generally align with industry-standard practice.  In general, 
Leidos’ review did not uncover any material misalignment between the SEP terms and 
conditions attributes and the domain of general program terms and conditions with 
which we are familiar.  The SEP terms and conditions with respect to the general 
applicant requirements, key process steps, orientation requirements for contractors, 
restrictions regarding the duration of time during which rebates or incentives must be 
sought out, and inspection requirements are reasonable relative to industry norms.  The 
terms and conditions are very clearly communicated and do not appear to present any 
material barriers to participation/uptake by interested parties.  Furthermore, the 
historical participation statistics related to the core programs suggests healthy uptake 
for some programs over a several year period, which suggests that contractors and end-
users have found the program to be attractive overall.  However, Leidos has several 
observations and suggestions for adjustments to the SEP terms and processes. 

Leidos suggests that LES should consider the following adjustments related to the terms 
and conditions that are reflected in the rebate forms and related materials: 

 As a global addition, LES should consider reinforcing the contribution of the 
SEP to the avoidance of carbon emissions and the fostering of a sustainable 
resource future in the “Program Description” header of each term sheet.  Other 
key benefits related to saving money, reducing the need for expensive energy 
during peak periods, and the deferring of additional capacity are mentioned, but 
there is no mention of the ecological/societal benefits that the program brings. 

 In the Commercial/Industrial Lighting Terms and conditions, LES may want to 
consider softening the limitation on lighting being operated during peak periods. 
There is a possibility that energy savings during shoulder periods that is not 
capital intensive will be cost-effective given the lower avoided cost basis for 
new measures under current market conditions as compared to market 
conditions during the inception of certain SEP programs (current market 
conditions are described further in the Section 3 subsection below). 

 For the Compressed Air Systems, LES may want to consider extending the 
boundary of what is covered as part of the incentive to include a portion of the 
repair costs associated with air loss based on the compressed air system audit 
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Review of LES SEP Terms and Conditions (Objective 2) 

report, but only in the case where the participant intends to use a contractor that 
is registered/participating and/or can be vetted by LES.  A firm estimate of the 
repair costs would be required, and LES would in theory only cover a percentage 
of such costs in order to increase the likelihood of participation.  An example of 
a cost-effective, air leak repair program that facilitates larger compressed air 
project submissions can be found with the rebate program operated by Ameren 
Energy, serving Illinois.7 

 For the Custom Commercial and Industrial Energy Efficiency Program, LES 
may want to clarify the language in the term sheet regarding the fact that 
customers’ improvements and the associated inventive are based on “their own” 
demand and energy savings calculations to note that LES will validate and 
review the estimates as a function of the Pre-authorization form process. In 
reviewing the same term sheet for the Energy Management System program 
guidelines, that term sheet notes that an analytical estimate of the energy and 
demand reduction with supporting calculations/assumptions must be provided 
as part of the pre-authorization process, and it may be sensible to conform the 
Custom term sheet using this same language. Suggested language for the 
Custom Program is as follows: “the Custom Program is intended for 
individualized, uncommon or specialized energy efficiency projects that are not 
otherwise eligible for other LES programs.  Participating customers should 
submit detailed project scope, demand and energy savings calculations, and 
supporting documentation to demonstrate eligibility.  Engineering analysis by a 
qualified professional is preferred”. 

With regard to incentive levels, LES provided excerpts in spreadsheet format of their 
project database, including commercial and industrial lighting project data from 2014, 
and heat pump project data from 2010-2014. These spreadsheets include existing and 
proposed equipment specification values, but no deemed or user-input parameters. 
Leidos compared average first year incentive rates ($/kWh) achieved by LES, to similar 
programs’ incentive rates paid by a sample of utilities in the CMUA in 20148. Based on 
this review, we note the following: 

 At roughly $0.15 per first year kWh paid for C&I Lighting in 2014, the LES 
incentive rate is reasonable compared to CMUA utilities at $0.06-$0.42 per first 
year kWh, with a CMUA overall average of $0.15 per first year kWh ($0.02 per 
lifecycle kWh). 

 LES paid $1.18 per first year kWh on average in their 2014 High Efficiency 
Heat Pump and Air Conditioning program; CMUA HVAC program incentive 

7 http://www.actonenergy.com/portals/0/business/forms/PY8-leak-repair.pdf. 
8 As reported by 10 of 40 utilities in “Energy Efficiency in California’s Public Power Sector, a 2015 
Status Report”, http://cmua.org/wpcmua/wp-content/uploads/2015/03/2015-FINAL-SB-1037-
Report.pdf 
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Section 2 

rates (heating and cooling) are summarized below in Table 2-1.  In Leidos’ 
experience with C&I cooling programs, incentive rates can easily average $0.75-
$1.00 per first year kWh due to the capital cost of HVAC equipment upgrades 
and already high baseline efficiencies. 

Table 2-1: California Municipal Utilities Association DSM Incentive Rate Comparison9 

Sample (10 of 
40 CMUA 
Utilities)5 

CMUA Overall LES 
Benchmark 

$ per first year kWh 
Residential 

$0.61-$2.44 $0.78 $0.72 

$ per first year Non-
Residential 

$0.05-$1.13 $0.18 $0.19 

$/lifecycle kWh 
Residential 

$0.04-$0.17 $0.04 $0.07 

$/lifecycle kWh Non-
Residential 

<$0.01-$0.07 $0.01 $0.02 

The benefit-cost picture, particularly given the updated avoided cost assumptions 
(summarized herein), may warrant adjustments to incentive levels.  Additionally, as 
mentioned above, the first year incentive metrics used do not take into account the long 
term energy savings that materialize given the first year investment, which is a factor 
that the CARAT model simulations will address. 

9 Based on 2014 reported program incentive costs and net savings (i.e., net of free ridership and other 
net-to-gross factors) and an approximate weighted average useful life across SEP measures. 
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Section 3 
Evaluation of Existing SEP Measures (Objective 3) 

Purpose of Objective 
The purpose of this objective is to determine the cost-effectiveness of the current SEP 
measures. 

Approach 
The inputs related to the cost-benefit evaluation that reflect the parameters for a given 
existing SEP measure are codified above as part of our review of Objectives 1 and 2 and 
the supporting tabularization of key assumptions.  Consequently, the additional review 
elements related to Objective 3 pertain to the development of avoided cost and 
administrative cost assumptions that are required to populate the CARAT model and 
perform cost-benefit evaluations of each measure, as well as the basis for LES retail 
rates for the residential and commercial/industrial sectors. 

Based on the highly fruitful kick-off meeting held with LES, the following was resolved 
regarding the basis for LES avoided costs for purposes of both the Objective 3 
evaluation as well as the downstream potential study: 

 The most representative approach to avoided energy cost is the Southwest Power 
Pool (“SPP”) Locational Marginal Price (“LMP”) at Lincoln.  LES has 
performed PROMOD simulations in preparation for the 2016 budget and has 
provided these LMPs in 8760 format for the 2016, 2017, and 2024 years.  The 
intervening years have been subjected to interpolation by Leidos as described 
further below under “Avoided Energy Cost Assumptions”. 

 Based on the updated LES load forecast, there is no need for new capacity until 
well beyond the 10-year study horizon, so any new SEP measure that is deployed 
will not directly contribute to capacity avoidance.  Accordingly, no avoided 
capacity cost could be directly determined from LES’ power supply situation. 
However, based on the concept that LES could be in a position to sell capacity 
in a bilateral transaction or that capacity costs could be avoided at some point in 
the future and under some scenarios, an avoided capacity value should be 
assigned based on the market for capacity.  As the SPP market does not include 
a centralized capacity market, the team decided that an assumed avoided 
capacity cost might be determined from a review of the nearby MISO capacity 
market.  Leidos has investigated the availability and usefulness of MISO 
capacity auction prices, as well as supportive capacity market intelligence and 
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Section 3 

pricing within PJM, as a basis for capacity value, as described below under 
“Avoided Capacity Cost Assumptions”. 

 With regard to avoided emissions cost, the SPP LMPs reflect SO2 and NOX 

emissions costs but no cost of carbon as there is no carbon regulation in force at 
this time.  However, some form of carbon regulation, perhaps as outlined in the 
EPA’s Clean Power Plan, seems likely within the 10-year horizon. Given the 
market dynamics of SPP, LES resources in SPP do not necessarily reduce output 
given reduced LES load. However, as there would generally be “some” reduced 
emissions system-wide, Leidos will prepare a scenario that reflects a cost for 
carbon emissions.  The team decided upon using a carbon price forecast 
published by Synapse coupled with a generic carbon emissions rate for a 
combined cycle gas resource as a basis for determining the value of emissions 
avoidance. 

 With regard to distribution system avoided costs, the initial view is that 
distribution system components for the LES system are sized for efficiency, not 
capacity, so there is no avoided capacity value for distributed generation and/or 
DSM (which are viewed as essentially equivalent in terms of the distribution 
system impact). This conclusion was reached based on a 2014 value of solar 
analysis conducted by LES on 50 MW DC of distributed solar. LES has 
confirmed this perspective internally. 

 Distribution losses avoidance is present, but, based on the solar analysis 
mentioned above, the value is essentially negligible (3 cents per MWh) and will 
not have a material impact on the analysis. 

 It was also agreed that assigning any value to Emission Reduction Credits 
(ERCs) was highly speculative at this stage given the uncertainty in the specifics 
of the Clean Power Plan and the state or regional response, and that any new 
DSM investment should not hinge upon speculative ERC value. 

 The cost-benefit analysis will be objective, and the answers “are what they are” 
given the avoided cost picture. 

Based on the above resolutions, inputs to be developed for purposes of the evaluation 
were limited to avoided energy and capacity costs, administrative costs and associated 
allocation to each SEP measure, a summarization of LES retail rates by sector, and the 
extraction and summarization of carbon prices associated with the avoided carbon 
sensitivity. Each of these are addressed below.  
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Evaluation of Existing SEP Measures (Objective 3) 

Avoided Energy Cost Assumptions 

With respect to avoided energy costs, Leidos has reviewed the LMP data provided by 
LES that are predicated upon PROMOD simulations for select test years, and we have 
devised a rubric for assignation of SEP measures’ savings to such prices based on load 
shape, which are defined as follows: 

 The months of January, February, November, and December are designated as 
winter months.  The months of June, July, August, and September are designated 
as summer months. On-peak and Off-peak hour designations are based on SPP 
Open Access Transmission Tariff (“OATT”) Business Practices.  On-peak hours 
comprise hours-ending 07:00 to 22:00, while Off-peak hours comprise the 
remainder. 

 LES provided hourly LMP price data for the years 2016, 2017, and 2024.  The 
annual average LMP prices for the years 2016, 2017, and 2024 were determined 
according to three price types, specifically Summer On-Peak, Annual On-Peak, 
and Annual All-Hours. To estimate the annual averages of the missing years, 
an interpolation method was used for the years between 2017 and 2024, while 
the estimate for 2025 represented an extrapolation. 

 The Objective 3 evaluation will segment each existing SEP measure’s energy 
savings among the three price types to result in a weighted average LMP price 
for purposes of the analysis. While the spread in price between the three price 
types is not that great, this method provides a useful framework that can be easily 
understood and replicated, particularly if scenarios with greater price spreads 
arise. 

Table 3-1 below summarizes the suggested avoided energy prices for each year of the 
10 year horizon by price type: 

Table 3-1 
Summary of Avoided Energy Prices ($/MWh) by Price Type 

Year 
Summer Annual 

On-peak On-peak All-hours 
2016 29.06 27.67 25.71 

2017 29.86 28.52 26.48 

2018 31.66 30.12 27.85 

2019 33.45 31.72 29.22 

2020 35.25 33.32 30.59 

2021 37.05 34.91 31.96 

2022 38.85 36.51 33.33 

2023 40.64 38.11 34.70 

2024 42.44 39.71 36.07 

2025 44.24 41.30 37.44 
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Section 3 

Avoided Capacity Cost Assumptions 

With respect to avoided capacity costs, Leidos has researched recent auction clearing 
prices for MISO as well as similar capacity prices in PJM.  The data presented below 
provides a suggested assumption, and is reflective of confirmatory discussions with LES 
resource planning staff. 

MISO introduced a Planning Reserve Auction for the 2013/14 planning year. Table 3-2 
below provides the results of the annual capacity auctions beginning that planning year 
as well as market reference prices for the most recent planning year for a few 
representative zones in MISO.  The Auction Prices reflect the results of a bidding 
process, while the Reference Level is an indicator regarding similar price levels in the 
PJM market designed to act as a screen for economic withholding in MISO and the Cost 
of New Entry (“CONE”) represents the net revenue a generic resource would require to 
recover capital and fixed operating costs, after netting away energy revenues. 

Table 3-2 
Historical Auction Clearing Prices and Market Reference Prices ($/kW-yr)10 

Zone 1 (MN, 
ND, WI) 

Zone 3 (IA) Zone 4 (IL) 

2013/14 Auction 0.38 0.38 0.38 

2014/15 Auction 1.20 6.11 6.11 

2015/16 Auction 1.27 1.27 54.75 

2015/16 Reference Level 65.86 56.86 56.86 

2015/16 Cost of New Entry 89.94 88.87 90.30 

However, it should be noted that MISO auction clearing prices do not really reflect the 
true capacity values in MISO zones. MISO capacity is primarily still secured through 
bilateral contracts, and only residual capacity that is yet to be procured gets priced in 
the MISO capacity auction. MISO rules allow all the capacity that utilities self-supply, 
or have procured through bilateral contracts, to be removed from the auction process. 
Accordingly, clearing prices typically apply to very little capacity in the market and can 
be highly volatile as a result.  They can be very low if utilities have procured the vast 
majority of their requirements ahead of time and there is still some excess capacity in 
the zone or available to import.  Conversely, if most utilities were to wait to procure 
significant supply through the auction, then the supply-demand balance in an auction 
would likely be much tighter (perhaps actually reflecting true market conditions, rather 
than a residual situation), and auction prices would better reflect the true capacity value. 
The former situation is more typical of the MISO zones, including the Zone 1 and Zone 
3 examples for both the 2014-15 and 2015-16 auctions and the Zone 4 example for the 

10 The MISO capacity auction is typically priced in $/MW-day.  Values herein have been translated to 
$/kW-year by multiplying by 365 and dividing by 1,000. 
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Evaluation of Existing SEP Measures (Objective 3) 

2014-15 auctions in the table above. The latter is commonly viewed to have occurred 
for Zone 4 in the most recent auction. 

PJM has a capacity market and requires all Load Serving Entities within PJM to secure 
resources through the capacity market, referred to as the Reliability Pricing Model 
(“RPM”). Table 3-3 below provides the results of recent capacity auctions for PJM.   

Table 3-3 
Historical PJM Capacity Auction Clearing Prices ($/kW-yr)11 

RTO-wide 

2013/14 Auction 10.12 

2014/15 Auction 45.99 

2015/16 Auction 49.64 
2016/17 Auction 21.67 
2017/18 Auction 43.80 
2018/19 Auction 60.14 

Given the volatility and residual nature of the MISO capacity auction, the reference and 
CONE pricing information in MISO, and the capacity prices in PJM, Leidos suggests 
an avoided capacity cost that captures an average of actual cleared and reference 
capacity prices in MISO, using Zone 3, beginning the 2014/15 auction (as the 2013/14 
auction was the first of its kind), and assuming a lognormal distribution.  Table 3-4 
provides our suggested approach: 

Table 3-4 
Suggested Avoided Capacity Cost Derivation 

Nominal Values Real 2015$ Natural Log 

MISO Capacity Auction 
Results (Zone 3; $/kW-yr.) 
2014/15 Auction 6.11 6.18 1.82 

2015/16 Auction 1.27 1.27 0.24 

2015/16 Reference Level 56.86 56.86 4.04 

2015/16 Cost of New Entry 88.87 88.87 4.49 
Average 1.93 
Assumed 2015 Capacity 
Cost12 14.11 

This results in a capacity price that is within the range of prices experienced in MISO, 
as well as in PJM (in that it includes the Reference Level, which is influenced by PJM), 
but reflects a more balanced supply/demand situation than currently exists in most 

11 The PJM capacity auction is typically priced in $/MW-day.  Values herein have been translated to 
$/kW-year by multiplying by 365 and dividing by 1,000. 
12 The assumed 2015 capacity cost value reflects the exponential of the lognormal average across the 
capacity auction results shown and the 2015/16 reference level and CONE. 
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MISO zones and can reasonably be expected to arise as economies continue improving 
and excess capacity is resolved through both load growth and retirements. 

Leidos has discussed the projection of future capacity prices relative to the proposed 
starting point above in detail with LES resource planning staff. Based on those 
discussions, it was agreed that inflationary escalation is likely to understate the long 
term capacity market, as a result of a confluence of factors, most notably planned 
retirements, regulatory uncertainty, and other compound variables. However, capacity 
prices cannot become unbounded, as the incentives around building new capacity will 
tend to temper upward pressure as new capacity is built. Consequently, a heuristic 
approach was resolved wherein the starting point for the year 2016 was set equal to the 
inflation-adjusted 2015 price plus an allowance for the recently tightening conditions in 
capacity markets and was assumed to grow at 5% per year thereafter over the 10-year 
forecast horizon. The resulting capacity prices are summarized in Table 3-5 below:   

Table 3-5 
Proposed Avoided Capacity Costs13 

Year $/kW-yr. 

2016 18.36 

2017 19.28 
2018 20.24 
2019 21.25 
2020 22.32 
2021 23.43 
2022 24.60 
2023 25.83 
2024 27.13 
2025 28.48 

It is important to note that the capacity prices above will be subject to iterative review 
to the extent that any existing SEP measure is marginally cost-effective. It is anticipated 
that a small spread of uncertainty (or as much as $10/kW-yr) around capacity prices is 
not going to have a significant impact on the overall cost-effectiveness of a given SEP 
measure. Leidos will work closely with LES to scrutinize the CARAT model 
simulations to determine if additional adjustments are warranted in this regard. 

Avoided Transmission Cost Assumptions 

With respect to the avoided transmission costs, LES provided Leidos with an estimate 
of the SPP avoided cost savings. The SPP avoided cost savings estimate is a function 

13 Escalation is assumed at 5.0 percent per year based on discussion with LES resource planning staff. 
Subsequent to the determination of these projected capacity prices, the MISO 2016-2017 auction was 
held, resulting in an equivalent capacity price of $26.28/kW-yr for the 2016-2017 delivery year. 
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Evaluation of Existing SEP Measures (Objective 3) 

of peak demand and energy reductions. The peak demand reduction lowers the share 
of transmission upgrade costs applied to LES by SPP on a monthly basis (with certain 
measures having an impact over only some months of the year), while the energy 
reduction lowers the share of administrative costs applied to LES by SPP.  The avoided 
transmissions costs are shown in Table 3-6 below, with future amounts assumed to be 
subject to inflation. 

Table 3-6 
Avoided Transmission Costs 

Year Cost Category Avoided Cost Rate 

2016-2024 Transmission Upgrade Costs $1,410/MW-mo. 

2016 Administrative Costs $0.38/MWh 

Avoided Carbon Cost Scenario Assumptions 

With regard to the carbon prices to be used in support of the carbon sensitivity noted 
above, Table 3-7 below summarizes the carbon pricing, for Base, High, and Low Cases 
from a 2015 Synapse study that estimates hypothetical prices for carbon emissions.  The 
Synapse projections are based on assumptions of increased regulatory action and 
legislation, including the onset of the Clean Power Plan and associated regulation of 
CO2 which eventually lead to a CO2 emission price in the long term. The projections 
are also informed by a meta-analysis of CO2 price forecasts from over 100 utilities as 
used within the confines of specific resource plans.   

Table 3-7 
Summary of Assumed Carbon Pricing 

Year 
Low Case 

($2014 per ton) 
Base Case 

($2014 per ton) 
High Case

($2014 per ton) 

2016 0.00 0.00 0.00 

2017 0.00 0.00 0.00 

2018 0.00 0.00 0.00 

2019 0.00 0.00 0.00 

2020 15.00 20.00 25.00 

2021 16.00 21.50 27.00 

2022 17.00 23.00 29.00 

2023 18.00 24.50 31.00 

2024 19.00 26.00 33.00 

2025 20.00 27.50 35.00 

The data compiled in the table above benchmarks well with an April 2015 Clean Power 
Plan Compliance Assessment conducted by the SPP Strategic Planning Committee.  In 
the assessment, an analysis of the relationship between a carbon price added, in 
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increments of $15/per ton, and the resultant emissions footprint of the region was 
conducted that also included the contribution from additional wind and natural gas-fired 
resources. Based on this analysis, it was concluded that a $45/ton carbon price in the 
year 2030 would be most effective (recognizing the limitations inherent in examining 
increments of $15/ton) based on the carbon emission rate reduction achieved at that 
carbon price. This 2030 value is highly comparable to the carbon price results in the 
Synapse model by the year 2030, which range from $35/ton in the Base Case to $54/ton 
in the High Case. 

For purposes of the sensitivity analysis, based on discussions with LES, Leidos will 
prepare the cost-benefit evaluation using no carbon price as the low bound and the High 
Case suggested by the Synapse study as the upper bound, which is assumed to subsume 
the findings of the SPP Strategic Planning Committee analysis.  

Additionally, as codified at the kickoff meeting, assumptions associated with a generic 
combined cycle (“CC”) asset that would otherwise serve the load to be abated will be 
assumed in order to translate the dollars per ton projection for carbon emissions above 
into a dollar per kWh adder for the sensitivity. That value will then be carried forward 
into the development of the benefit-cost ratios to be constructed for Objective 3 (as well 
as for the downstream potential study). Leidos proposes to use a generic emissions rate 
for a CC unit of 120 lbs/MMBtu and a Full Load heat rate of 7,000 Btu/kWh, which 
reflects a rough approximation of typical gas-fired combined cycle units that can be 
reasonably expected to be on the margin in the majority of hours that would represent 
the bulk of SEP measure savings. 

Administrative Cost Assumptions 

With regard to administrative costs, LES provided the administrative and general 
expenses for the 2014 SEP program year, which are shown in Table 3-8 below.   

Table 3-8 
2014 SEP Program Administrative & General Expenses 

Expenses Amount 

Labor $ 206,000 

Marketing $ 10,000 

Data Management System $ 75,000 

Other $ 5,000 

Total A&G $ 296,000 

Utilizing the 2014 SEP program expenses as the basis, future expenses will be dictated 
by the proportional increase of customer uptake for each existing SEP program (based 
on projections to be developed by Leidos in partnership with LES when the Objective 
3 cost-benefit cases are constructed) and an assumed escalation factor.  Leidos will base 
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Evaluation of Existing SEP Measures (Objective 3) 

the escalation factor on the Consumer Price Index (“CPI”) provided by Blue Chip 
Economic Indicators (“BCEI”) dated March 2015. The Blue Chip forecast reflects a 
recovery from the recent economic recession with the projected long-term average rate 
of inflation at 2.3% annually for the CPI. 

LES Retail Rates Assumptions 
The assumed residential and commercial retail rates for 2015 were obtained from the 
LES website. Commercial measures utilized assumed rates consistent with the General 
Service Demand rate schedule, which also reflects a demand charge.  LES has advised 
Leidos that it intends to move to a rate structure that will move a portion of fixed costs 
that are currently embedded in their retail energy rates into fixed customer charges 
across their rate classes. For purposes of this analysis, we have assumed that residential 
and commercial energy rates will decline by approximately 3.5% per year, over the 
2017-2021 timeframe (in tandem with commensurate increases in the 
customer/facilities charge).  After 2021, energy rates are assumed to increase based on 
inflation. As appropriate, a yearly retail rate average was derived using a mix of the 
summer and winter rates. Tables 3-9 and 3-10 below display the residential and 
commercial retail rates assumed for each SEP measure. 

Table 3-9: Residential Retail Rates by Program Measure 

Program Measure Season 
Energy ($/kWh) 

2016 2017 2018 2019 2020 2021 

A/C Summer $ 0.0995 $ 0.0960 $ 0.0927 $ 0.0894 $ 0.0863 $ 0.0833 

ASHP Summer $ 0.0995 $ 0.0960 $ 0.0927 $ 0.0894 $ 0.0863 $ 0.0833 

GSHP Summer $ 0.0995 $ 0.0960 $ 0.0927 $ 0.0894 $ 0.0863 $ 0.0833 
Whole House Sealing & 
Insulation Yearly $ 0.0818 $ 0.0790 $ 0.0762 $ 0.0735 $ 0.0710 $ 0.0685 

Fridge/Freezer 
Recycling Yearly $ 0.0818 $ 0.0790 $ 0.0762 $ 0.0735 $ 0.0710 $ 0.0685 

Energy Efficiency Kits Yearly $ 0.0818 $ 0.0790 $ 0.0762 $ 0.0735 $ 0.0710 $ 0.0685 

Table 3-10: Commercial Retail Rates by Program Measure 

Program Measure Season 
Energy ($/kWh) Demand 

($/kW-yr)2016 2017 2018 2019 2020 2021 

A/C Summer $ 0.0340 $ 0.0328 $ 0.0317 $ 0.0306 $ 0.0295 $ 0.0285 $ 178.80 

ASHP Summer $ 0.0340 $ 0.0328 $ 0.0317 $ 0.0306 $ 0.0295 $ 0.0285 $ 178.80 

GSHP Summer $ 0.0340 $ 0.0328 $ 0.0317 $ 0.0306 $ 0.0295 $ 0.0285 $ 178.80 

Lighting--HID Yearly $ 0.0285 $ 0.0275 $ 0.0265 $ 0.0256 $ 0.0247 $ 0.0238 $ 178.80 
Lighting--Linear 
Fluorescent Yearly $ 0.0285 $ 0.0275 $ 0.0265 $ 0.0256 $ 0.0247 $ 0.0238 $ 178.80 

Lighting--LED Yearly $ 0.0285 $ 0.0275 $ 0.0265 $ 0.0256 $ 0.0247 $ 0.0238 $ 178.80 

Energy Efficiency 
Program Measures Yearly $ 0.0285 $ 0.0275 $ 0.0265 $ 0.0256 $ 0.0247 $ 0.0238 $ 178.80 
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Adoption Rate Assumptions  

Leidos developed initial projected adoption rates for each measure over the 20 year 
study period, based generally on averages of historical adoption rates.  Refinements to 
these initial adoption estimates were subsequently made by LES.  However, it should 
be noted that the Benefit-Cost metrics produced by the CARAT model are not highly 
dependent upon these adoption assumptions as administrative costs are primarily 
estimated on a unit basis, as are most other factors in the evaluation. 

Results 

Methodology 

Economic analysis was performed using the CARAT model, which provides a benefit-
cost evaluation of the archetype measures.  The key components of avoided cost (or 
benefits) that are analyzed in the tool include: Avoided Capacity costs, Avoided Energy 
costs, Avoided Transmission and Distribution costs, and Avoided Emissions (Carbon) 
costs. Figure 3-1 below provides an overview of the CARAT’s input/output 
architecture. 

Figure 3-1: CARAT Input/Output Structure 

The key components of program cost that are analyzed in the tool include: 
Administration costs, Financial Incentives and Participant cost.  There are four industry-
standard benefit-cost ratios that are computed in the CARAT model which are defined 
as follows: 

1. Utility Cost Test (“UCT”) – A measure of whether the benefits of avoided utility 
costs are greater than the costs incurred by a utility to implement the program. 
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Evaluation of Existing SEP Measures (Objective 3) 

2. Rate Impact Measure (“RIM”) Test – A measure of whether utility ratepayers 
that do not participate in the program would see an increase in retail rates as a 
result of other customers participating in a utility-sponsored program. 

3. Total Resource Cost (“TRC”) Test – A measure of whether the combined 
benefits of the utility and customers participating in the program are greater than 
the combined costs to implement the program. 

4. Participant Cost Test (“PCT”) – A measure of whether the cost burden for the 
participants in the program is reasonable relative to the estimated bill savings 
and any additional indirect benefits (as applicable). 

Table 3-11 below summarizes the catalogue of program benefits and costs considered 
in each of the four benefit-cost ratios, which have been deployed in the analysis of the 
archetype measures.  The word “Yes” denotes that the benefit or cost is considered part 
of the particular ratio. 

Table 3-11: Summary of Benefit-Cost Ratios 

Program Attribute 
Utility Cost 

Test 
Rate Impact 

Measure Test 

Total 
Resource 
Cost Test 

Participant 
Cost Test 

Program Benefits 

Customer Bill Savings Yes 

Avoided Energy Costs Yes Yes Yes 

Avoided Capacity Costs Yes Yes Yes 

Avoided Transmission and Distribution 
Costs Yes Yes Yes 

Wholesale Market Price Suppression 
Effects Yes Yes Yes 

Avoided Cost of Environmental 
Compliance Yes Yes Yes 

Non-Energy Benefits - Utility Yes Yes Yes 

Non-Energy Benefits - Participant Yes Yes 

Non-Energy Benefits - Societal 

Program Costs 

Program Administrator Costs Yes Yes Yes 

Measure Cost - Program Financial 
Incentive Yes Yes Yes 

Measure Cost - Participant Contribution Yes Yes 

Non-Energy Costs (Utility, Participant, 
Societal) Yes Yes Yes 

Lost Revenues to the Utility  Yes 
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While the TRC is generally more frequently used, the other tests can be utilized to make 
holistic decisions regarding program endorsement.  For example, not all participants 
necessarily evaluate participation on a traditional cost-benefit framework and may 
participate for indirect reasons.  Additionally, the utility may be more focused on the 
impacts of the UCT and less on the PCT. 

Evaluation Results – High Capacity Value Scenario  

While a Base Case was developed as discussed above that reflects an assumed value of 
capacity based on market data from MISO, it is useful to look first at results reflecting 
a capacity value based on the addition of a hypothetical resource.  This High Capacity 
Value Case is intended to capture the view regarding capacity value that, up until now, 
has been used by LES to justify the cost-effectiveness of the SEP portfolio of measures. 

Based on an all-in capacity cost of $1,000 per kW provided by LES and an assumed 5% 
financing rate over a 20-year term, the prior LES capacity value assumption is 
equivalent to approximately $80/kW-year, which represents the hypothetical capacity 
cost per year of the avoided marginal resource that would otherwise need to be 
constructed to serve load, under the presumption that every incremental amount of 
abatement contributes to the avoidance of said resource, regardless of size and scope. 
The High Capacity Value Case utilizes this value starting in 2016, with future years 
escalated at inflation. This compares to capacity values discussed in the subsection 
below that are based on the MISO capacity auction and reference pricing and are in the 
$20-30 per kW-year range.  Comparison of these alternative results provides a sense of 
the impact of the current low market capacity prices and LES’ overall long capacity 
situation, recognizing that these conditions may be reversed in the future.   

Table 3-12 below shows the benefit-cost ratios of the High Capacity Value Case. 
Benefit-cost ratios above 1.0 have been highlighted with green shading, denoting that 
these measures are cost-effective based on the given test.  Ratios between 0.6 and 1.0 
have been highlighted with yellow shading, which is intended to communicate that they 
are fairly close to being cost-effective, the idea being that it would not take dramatic 
changes to assumptions for them to be cost-effective.  Note that for programs that do 
not have an actual participant cost component (e.g., Energy Detective Kit), a PCT ratio 
is not shown, as it would effectively be infinite.       
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Evaluation of Existing SEP Measures (Objective 3) 

Table 3-12 
Benefit-Cost Ratio Results – Existing Measures (High Capacity Value Case) 

Program Measure Utility Cost Test Rate Impact 
Measure Test 

Total Resource 
Cost Test 

Participant Cost 
Test

R
es

id
en

tia
l 

AC 0.78 0.52 0.39 0.50 

ASHP 0.92 0.57 0.34 0.35 

GSHP 0.95 0.59 0.18 0.14 

Whole House Sealing & 
Insulation 

0.82 0.62 0.33 0.22 

Freezer/Refrigerator 
Recycling Program 2.00 0.64 2.00 

Energy Detective Kit 0.61 0.28 0.69 

C
om

m
er

ci
al

 

AC 0.69 0.34 0.13 0.24 

ASHP 0.67 0.36 0.14 0.23 

GSHP 0.90 0.46 0.10 0.12 

Lighting - HID 2.86 0.72 1.72 4.50 

Lighting - LED 3.20 0.77 1.69 3.53 

Lighting - Screw-in LED 3.17 0.66 2.48 13.58 

Custom Efficiency 
Measures 2.95 0.77 1.57 3.20 

Power Purchase Program 
- Customer Generation 

21.08 21.08 24.13 1.22 

Power Purchase Program 
- Customer Curtailment 

31.63 31.63 

The High Capacity Value Case results reflect that most measures are cost-effective or 
at least marginal, based on the UCT.  HVAC measures are among the worst-performing, 
which is a reflection of the low avoided energy costs and low cooling load hours in the 
LES region. Results are generally considerably worse for the other test statistics, 
reflecting considerable additional participant costs relative to the benefits and lost 
revenue that impacts the RIM test.  The Commercial Lighting and Custom Efficiency 
Measures stand out as among the best performing of the existing measures.  While 
Freezer/Refrigerator Recycling performs well, it should be noted that free ridership in 
this measure is highly uncertain and may be understated.  The Energy Detective Kit 
measure does not appear to be cost-effective across any of the test statistics. 

Evaluation Results – Base Case and Carbon Case 
Tables 3-13 and 3-14 below summarize the results of the four benefit-cost ratios across 
the SEP measures analyzed, for the Base Case (no carbon) and Carbon Case.  Similar 
to the table above, cost-effective SEP measures (benefit-cost ratios above 1.0) have been 
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Section 3 

denoted with green shading for the respective measure and test, while those that are 
marginal have been denoted with yellow shading.   

Table 3-13 
Benefit-Cost Ratio Results – Existing Measures (Base Case) 

Program Measure Utility Cost Test 
Rate Impact

Measure Test 
Total Resource 

Cost Test 
Participant Cost

Test 

R
es

id
en

tia
l 

AC 0.43 0.29 0.21 0.50 

ASHP 0.55 0.34 0.20 0.35 

GSHP 0.54 0.34 0.10 0.14 

Whole House Sealing & 
Insulation 0.46 0.35 0.18 0.22 

Freezer/Refrigerator 
Recycling Program 

1.45 0.47 1.45 

Energy Detective Kit 0.61 0.28 0.69 

C
om

m
er

ci
al

 

AC 0.40 0.20 0.08 0.24 

ASHP 0.44 0.24 0.09 0.23 

GSHP 0.73 0.37 0.08 0.12 

Lighting - HID 2.21 0.56 1.33 4.50 

Lighting - LED 2.57 0.62 1.36 3.53 

Lighting - Screw-in LED 2.25 0.47 1.76 13.58 

Custom Efficiency 
Measures 

2.49 0.65 1.32 3.20 

Power Purchase Program 
- Customer Generation 6.54 6.54 7.49 1.22 

Power Purchase Program 
- Customer Curtailment 

9.81 9.81 
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Evaluation of Existing SEP Measures (Objective 3) 

Table 3-14 
Benefit-Cost Ratio Results – Existing Measures (Carbon Case) 

Program Measure Utility Cost Test Rate Impact 
Measure Test 

Total Resource 
Cost Test 

Participant Cost 
Test

R
es

id
en

tia
l 

AC 0.51 0.34 0.25 0.50 

ASHP 0.65 0.40 0.24 0.35 

GSHP 0.64 0.40 0.12 0.14 

Whole House Sealing & 
Insulation 

0.53 0.40 0.21 0.22 

Freezer/Refrigerator 
Recycling Program 1.83 0.59 1.83 

Energy Detective Kit 0.82 0.37 0.93 

C
om

m
er

ci
al

 

AC 0.48 0.24 0.09 0.24 

ASHP 0.53 0.28 0.11 0.23 

GSHP 0.93 0.48 0.10 0.12 

Lighting - HID 2.79 0.70 1.68 4.50 

Lighting - LED 3.27 0.79 1.73 3.53 

Lighting - Screw-in LED 2.83 0.59 2.21 13.58 

Custom Efficiency 
Measures 

3.27 0.85 1.74 3.20 

Power Purchase Program 
- Customer Generation 6.61 6.61 7.56 1.22 

Power Purchase Program 
- Customer Curtailment 9.91 9.91 

Below are the measure-specific conclusions that can be drawn from the benefit-cost 
analysis. 

 The residential and commercial HVAC programs, including Whole House 
Sealing & Insulation, fail all four tests. Low energy savings, due to the very low 
cooling load hours that result from Lincoln’s weather conditions, coupled with 
low energy costs, low retail rates, high financial incentives, and high participant 
costs, drive the benefit-cost ratios down.  The relatively high cost of these 
programs is reflected in the low numbers of participation.  Over 2009-2014, the 
total HVAC Program averaged 457 participants per year, with the residential 
HVAC measures averaging 436 participants per year, and the commercial 
HVAC measures averaging 21 participants per year.  The Whole House Sealing 
& Insulation program has averaged 128 participants per year, over 2010-2014. 

 The Refrigerator & Freezer Recycling program passes the UCT, TRC and PCT 
tests. Note that the PCT is shown as blank, as there is no actual participant cost 
component and the PCT would effectively be infinite. Customer participation 
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Section 3 

for this program is moderate, with an average of 673 participants per year over 
2013-2014. 

 The Residential Energy Detective Kit (i.e., energy efficiency kit) measure 
performs reasonably well, relative to other residential measures, but is not 
strictly cost-effective in the Base Case. Note that the PCT is shown as blank, as 
there is no actual participant cost component and the PCT would effectively be 
infinite. Customer participation is very strong, with an average of 2,831 
participants per year over 2010-2014.  However, as some items in the kits require 
participation effort to install, this measure has been assigned a relatively low 
net-to-gross ratio (60%).  Many utilities are moving to a “point-of-sale” rebate 
program to incentivize certain components of the kit (e.g., LED bulbs), while 
forcing the participant to share in the measure cost.  This can achieve similar 
participation at a lower unit cost to the utility, including lower administrative 
cost (with higher participant follow-through). 

 Commercial Lighting programs proved to be useful to the utility, with all three 
programs easily passing the UCT.  These positive impacts result from the high 
energy and demand savings, relative to the incentive amounts.  However, the 
lighting programs do not perform as well with respect to the other three 
ratios/tests, with only the HID program passing the TRC and PCT.  The specific 
PCT findings notwithstanding, participation for the commercial lighting 
programs has been strong, averaging approximately 3,717 fixtures per year over 
2009-2014. 

 The Commercial Custom Efficiency Program proved to be most economical of 
the measures evaluated as it generally had the highest values across all four of 
the benefit-cost ratios.  However, the program still failed to pass the RIM test. 
Given the customized nature of the program, these results provide affirmation 
of the typical parameters across the projects that are funded (in terms of the 
incentive offered). 

Based on the benefit-cost ratio results, the following are some inferences on the 
system-level factors that impact the performance of all of the SEP measures: 

 Avoided energy costs have declined dramatically over the last few years, along 
with natural gas prices.  This decline has pressured the financial performance of 
the SEP measures. 

 Avoided capacity costs are very weak given the current (and near-term 
projected) market conditions. 

 Financial incentive levels are somewhat high, relative to benchmark utility 
programs that were reviewed. 
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Evaluation of Existing SEP Measures (Objective 3) 

 Participant costs are fairly high in measures that return very little energy and 
demand savings.  

 LES’ plan to reduce energy rates in favor of higher fixed charges, which is 
captured in the results above, will place further pressure on participant benefits 
and has reduced the PCT results above, while slightly improving the RIM test 
results (as lost revenues are reduced). 
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Section 4 
Integration of LES SEP and DR Program into LES Planning 

(Objective 4) 

Purpose of Objective 
For purposes of this objective, Leidos engaged in two efforts—(i) a review of the LES 
load forecast and methodology around incorporating the existing SEP impacts therein 
and (ii) collaborating with LES on developing a database of historical and future SEP 
and DR program impacts that can be used going forward to populate these impacts in 
the load forecast and perhaps other planning analyses.   

Approach 
Our efforts around the first half of this objective included (i) engaging the LES load 
forecast analyst during the August kickoff meeting, (ii) reviewing Excel spreadsheet 
logic that captured SEP impacts as part of the historical dataset for the forecast analyses 
and results, and (iii) reviewing documentation regarding the load forecast, including the 
2014 Long-Range Forecast report (published December 2014), a PDF document of the 
2015 Forecast Models and Tables, a Word document containing the 2015 Forecast 
Model Equations, and a document containing notes on the 2015 Forecast from the LES 
forecast analyst.  Our review has been isolated to documentation and following certain 
logic pertaining to the SEP only.  Leidos has made no effort to replicate regression or 
other analyses or to experiment with the LES forecast data or equations. 

While the primary purpose was to review the methodology by which the SEP impacts 
were being integrated into the load forecast relative to industry best practices, Leidos 
also has provided feedback on the overall forecast approach, driving variables, equation 
parameters results, and data sources.  However, this review should not be viewed as an 
overall check for reasonableness or adherence to industry practice.  While Leidos 
suspects that a change to the SEP impacts themselves (as part of the preceding 
objectives) will influence the load forecast, in terms of equation parameters (a direct 
influence), variables that are included or excluded, or even the overall approach, we 
cannot predict the direct influence or how any forecast analyst will address those 
changes. Finally, Leidos understands that there is no single approach to load forecasting 
and has attempted to characterize the feedback in terms of criticality or conclusiveness 
(in lieu of attempting to conform the LES approach to a single rubric). 
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Section 4 

Results 

Load Forecast Methodology Summary 
The forecast methodology consists of by-month equations to forecast Control Area 
Energy (“CAE”), Control Area Peak Demand (“CAD”) and Minimum Demand, 
Residential Sales, and Commercial Sales.  Industrial Sales instead reflect a single 
monthly equation. There may be some additional sales for Street Lights that is not clear 
in the 2015 documentation provided. In 2014, the forecast for Street Lights was based 
on a combination of a regression-based customer count forecast and assumptions 
regarding usage per lamp.  Sales to Public Authorities was absorbed into the 
Commercial class for the 2015 Forecast.  In addition, there are forecast equations for 
annual customer counts for the Residential, Commercial, and Public Authorities classes. 
These customer count forecasts feed directly into the energy, demand, and retail sales 
forecasts. 

SEP impacts are added back in historically for CAE and CAD prior to analysis. 
Forecasts are computed for both, from which future SEP impacts are subtracted to 
represent the final forecast.  Retail sales are modeled and forecasted separately with a 
similar SEP impact treatment, but are “calibrated” to the control total, the CAE, after 
adjustment for distribution losses. 

Forecast results include a series of scenarios capturing high and low growth, severe and 
mild weather conditions, global warming scenarios, as well as a probabilistic analysis 
of monthly energy and demand, the latter focusing on the summer months only.  The 
high and low growth are informed by particular periods of history, and the severe and 
mild weather scenarios, by particular historical years.  The probabilistic analysis 
captures both variations in weather conditions, utilizing several years of history to 
simulate forecast equations, and the standard error of the forecast, resulting in a 
probability distribution of monthly energy and peak demand. 

Leidos Suggestions 

Most importantly, the methodology for incorporation of the SEP impacts into the 
forecast is sound and follows the best practices in the industry.  Many utilities ignore 
such impacts altogether in the forecast; most utilities take such impacts into account in 
some way, such as (i) making an upward adjustment to the forecast to account for 
additional growth that would have occurred had it not been for such measures and 
subtracting future impacts or (ii) simply subtracting future incremental impacts. LES’ 
process of creating a hypothetical or counter-factual history, as if the SEP had not been 
in place, performing the necessary modeling to forecast system sales/requirements gross 
of the SEP, and then backing out future SEP impacts is the most reasonable approach. 
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Integration of LES SEP and DR Program into LES Planning (Objective 4) 

The following bullets provide more isolated comments and suggestions that typically 
do not touch on issues related to the SEP: 

 While there is some integration between the energy and demand forecasts in the 
form of both incorporating Customer Counts as a primary driver, these forecasts 
may vary from each other for artificial reasons, including simply as a result of 
chance in the estimation logic.  Importantly, only the CAE equation has U.S. 
energy as a driver.  Typical Leidos practice is to directly integrate energy and 
demand through deriving demand from energy through a load factor that would 
be directly forecasted via regression.  Trends in and drivers of load factor are 
then directly identified and modeled.  In addition, as load factor tends to be 
relatively stationary, such trends and influences are typically more visible during 
the model development process and the resulting explanation, more readily 
subject to review relative to intuition.  Many other utilities use this same 
approach or include energy directly in the demand equation(s).  There are many 
utilities that separately forecast energy and demand as LES does, but Leidos 
views that approach to be potentially problematic.  At the very least, a separate 
analysis of load factor might be in order to benchmark any resulting trends in 
load factor. 

 With respect to the CAE Forecast Equation/Methodology: 
o The primary drivers in the forecast are Customer Counts, Electricity 

Price, U.S. energy, and weather conditions.  There is no driver that 
reflects the economic activity, other than the indirect indicator of U.S. 
energy, regarding which we offer specific feedback below.  It would be 
reasonable that economic conditions as opposed to only Customer 
Counts would influence energy consumption.   

o U.S. Generation has been included as a driving variable (reflecting a 
change from the 2014 Forecast). This does NOT seem reasonable, as the 
variable (i) may stand in for other variables, detracting from their 
explanatory power, (ii) is likely highly correlated with other variables, 
resulting in potentially unreasonable forecasts, and (iii) likely assumes 
trends in the future that are counter to assumptions LES wishes to make 
or are otherwise irrelevant to Nebraska loads, such as increasing load due 
to migration to the South and other non-Midwest regional influences.  At 
the very least, regionally specific historical and forecasted data would 
improve the reasonableness with respect to the last of these issues.  In 
addition, this variable is frequently insignificant and/or has a non-
intuitive sign.  A more typical practice is to independently develop the 
utility forecast and benchmark the results to surrounding utilities and 
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Section 4 

national forecasts, attempting to uncover differences in the service areas 
or assumptions or modeling issues that cause divergence. 

o The Electricity Price variable appears to be contemporaneous to the 
dependent variable, Control Area Energy.  Typical Leidos practice 
reflects experimentation with and preference for lagged/moving average 
price concepts, based on the typical finding that the influence of prices 
tends to lag such changes.  It is  possible that LES experimented with 
such structures and found them to not explain energy variations as well 
as the contemporaneous variable.  Importantly, in the 2014 Forecast, the 
estimated elasticities appeared high relative to typical industry findings. 

o Weather variables appear to be cooling degree days (“CDD”) with a base 
of 55 dF and heating degree days (“HDD”) with a base of 65 dF.  This 
implies a negative "comfort zone" (average daily temperature range for 
which energy varies little, all else equal), whereas the typical industry 
and Leidos finding is that the comfort zone can be as large as 10 dF. 
Accordingly, typical Leidos practice is to analyze daily energy data to 
determine appropriate "base" points, such as HDD base of 58 dF and 
CDD base of 68 dF, thereby specifying 58-68 dF as unaffected by 
weather variation (i.e., not requiring space conditioning).  It is possible 
that the estimation will result in parameters that achieve flat load 
influence during this temperature range, but it would be better to address 
that explicitly and avoid any potential parameter bias. 

 With respect to the CAD Forecast Equation/Methodology: 

o The weather determinants here are in log form, whereas they are not in 
the energy equation. As non-linearity seems more likely in a peak 
demand than energy context, it seems that the rationale for having non-
logged weather variables here is stronger than in the energy equation.  It 
is possible that the use of multiple weather variables of differing bases 
and weather concepts partially captures this non-linearity, but it seems 
unlikely that weather variation is sufficiently explained. 

o Some of the weather variables have insignificant parameters, which 
suggests imprecise estimates of their impact.  Some of the weather 
concepts are no doubt highly correlated, which may provide sufficient 
rationale to leave insignificant variables in such equations, but 
alternative variables may yield better equation statistics. 

o For months in which both hot and cold weather peaks have occurred in 
the past (Apr/Oct), data corresponding to hot v. cold peaks are separately 
analyzed and yield two different equations.  This both unnecessarily 
complicates the analysis and limits the usefulness of the equations (both 
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Integration of LES SEP and DR Program into LES Planning (Objective 4) 

because they only correspond to one weather type and are based on 
limited data).  It is Leidos’ typical practice to develop equations that 
contain weather response variables in both directions (i.e., heating and 
cooling), such that equations are robust to a wider range of potential 
weather conditions. 

o In addition to the CAD forecast equations, there are separate forecasts of 
Minimum Demand, incorporating separate monthly models.  This 
represents a time consuming modeling effort.  Depending on the 
importance of minimum demand to LES planning, it seems possible that 
a load factor averaging approach or some other simplification might be 
sufficient. 

 With respect to the Retail Energy Sales Equations: 

o Similar to the discussion on CAE above, the Residential and Commercial 
equations include U.S. Retail Sales as a driver (presumably with EIA 
projections during the forecast horizon).  The comments above apply 
here. 

o The LES forecast reflects a separate forecast of Customer Counts and 
Sales. For the Residential class, typical Leidos practice involves 
separate forecasts of Customer Counts and Average Use.  This creates a 
“richer” forecast that can be more readily subjected to comparison to 
intuition (e.g., average consumption growing by 0.3% per year may be 
viewed as reasonable, while growth of 1.0% per year may not be). 
Growth in overall sales to a class mixes growth in accounts and average 
use in a way that is more difficult to assess. The LES approach of 
incorporating Customer Counts directly in the forecast does achieve a 
direct integration though, which is one goal of the counts/average use 
modeling approach. The counts/average use approach for non-
residential classes is less useful and perhaps less tractable, as average use 
is driven from microeconomic influences that are not readily knowable 
(e.g. competitive position of large businesses v. small) as much as 
macroeconomic forces that are fairly well known (e.g., income, 
employment, etc.).  Accordingly, the approach for the non-residential 
classes is consistent with the typical Leidos approach. 

o In the Retail equations, the weather variables DO appear to reflect a 
comfort zone, as the CDD variable uses a 65 dF base and the HDD 
variable uses a 55 dF base.  This is unlike the CAD models discussed 
above. 

 AC Saturation and Heating Saturation variables appear subject to significant 
assumptions over the forecast horizon, as the variable includes assumed average 
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use for a given technology relative to a base year, presumably in order to capture 
end use efficiencies as well as actual saturation.  While the discussion regarding 
these variables suggest they relate to peak demand forecasting only, they appear 
in the Control Area Energy equation (and possibly in the retail equations) as 
well. Presumably this is consistent across the forecasting dataset, but that is not 
clear. It does appear that the Heating Saturation variable has been an issue in 
the last forecast cycle and may have been adjusted artificially to achieve a more 
reasonable result. 

 LES purchases economic data from both Moodys Analytics and Woods & Poole 
(“W&P”).  LES should consider directly utilizing both datasets in the forecast, 
including for limited historical periods.  Typical Leidos practice involves 
developing a consensus forecast based on a history that primarily reflects the 
preferred provider's data, while also blending historical data where large 
differences exist. This also allows the analyst to infuse judgment into the 
blending, for example, weighting the blend toward one provider's data.   

 LES assumes future weather conditions that reflect historical averages of the 
most recent 30-year period.  Use of rolling weather averages is not 
recommended (despite the 30-year period), as it creates an artificial variance in 
forecasts from year-to-year.  Leidos’ typical approach is to rely on a set historical 
period, so long as a sufficient length of historical data is available (i.e., 30 years), 
and we tend to rely on the NOAA-published normals.  However, there are 
numerous utilities in the industry that follow the LES approach, many even that 
rely on much shorter historical periods, leading to significant swings in the 
forecast from year to year. 

 The LES monthly forecast methodology using 12 monthly models (used in most 
of the forecast equations) is a bit unusual though it certainly is reasonable. 
However, this methodology is much more time-consuming and requires a 
greater quality control effort.  Leidos suggests that it may be better to incorporate 
any variable(s) that is (are) causing shift(s) in the load parameters or load profile, 
if possible/available/tractable (e.g., additional “spline-type” weather variables, 
binaries). The fact that LES already captures saturation statistics directly in the 
forecast equations also helps, in that varying trends in energy growth in the 
summer v. winter are explicitly captured. 

SEP and DR Program Impacts Database 

The load forecast process requires a dataset of historical and projected monthly SEP 
program impacts, so that the historical data that is modeled reflects a hypothetical 
history with no impacts, and a future dataset to adjust the resulting “gross” projected 
data. For this purpose, LES maintains a database for SEP Program Demand and Energy 
Effects with historical data for years 2009 - 2014 and projected impacts from 2015 -
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Integration of LES SEP and DR Program into LES Planning (Objective 4) 

2045. Historical impacts are based on a base year shape and annual impacts. The 
projected years are handled similarly, and in some instances simply represented the last 
historical year. The database structure provided by LES allows for any conceivable 
variability of monthly shapes, easy treatment of degradation, and negative impacts in 
some months (e.g., associated with electric end uses that compete with gas).  However, 
the structure is not very conducive to adjusting certain parameters, such as useful life or 
the overall level of impacts annually (as certain calculations are addressed “within-
cell”). Overall, Leidos views the structure as potentially overly manual and likely time-
consuming to maintain.   

Leidos has developed a structure for the SEP impacts database in spreadsheet format 
that is focused on (i) maintaining the historical energy and demand impact estimates 
that LES has produced and which reflect specific projects and (ii) producing projected 
impact estimates that are consistent with more “exemplary” or standardized estimates 
of impacts associated with future projected levels of activity (based on the “archetype” 
measure inputs summarized in Appendix A).  The proposed structure also allows greater 
flexibility around the assumptions driving the projections to establish a more dynamic 
structure requiring less user intervention.  Leidos has provided this spreadsheet to LES 
for its use and/or modification going forward. 
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Section 5 
DSM Measure Potential Evaluation (Objective 5) 

Purpose of Objective 
The purpose of this objective is to prepare a high-level, top-down, 10-year economic 
and achievable future peak demand and energy efficiency potential study by end-use 
measure across the residential and commercial sectors.   

Approach 

Candidate DSM Measures 

Leidos has relied on input from LES staff, existing studies and resources compiled by 
LES, and our own experience managing larger, expanding energy efficiency programs 
to identify a list of potential new measures for evaluation. Additionally, we have relied 
upon the results of the Objective 3 evaluations and the current level of LES avoided 
costs that can be anticipated, to help winnow down and bound the set of measures, to 
some extent, based on a priori expectations for success. We have taken care to balance 
this view with the need to ensure a thoughtful consideration of possibilities, and 
consequently, measures that have been suggested for evaluation as part of the process 
will be reviewed objectively using the same evaluation approach as was used for 
Objective 3. The list of 17 potential new measures, split between residential and 
commercial customer sectors, is show in Table 5-1 below. 

Table 5-1: List of Candidate DSM Measures 

No. Measure Retail/Customer Sector 
1 Lighting (LEDs)  Residential (incl’d multi-family) 

2 
Behavioral/Benchmarking Program (e.g. O-
Power) 

Residential (including multi-family) 

3 
Refrigeration Retrofits (Turnkey Installation 
Program) with financing options for owners 

Small/Medium Size Commercial 

4 Multi-family High Eff. Heat Pump Rebate Multi-Family 

5 Low Flow Faucets 
Residential/Multi-Family and Commercial 
with Electric Heat 

6 Low Flow Showerheads Residential/Multi-Family with Electric Heat 
7 High Eff. Furnace Blower Motor Residential/Multi Family with Electric Heat 
8 Smart Thermostats with or without Electric Heat Residential/Multi-Family 

9 
High Efficiency Ventilation Fans (High Volume 
Low Speed or High Speed Fans) 

Commercial 

10 AC Load Control Residential/Multi-Family/Commercial 
11 Air Sealing/window film-barrier (window frames) Multi-Family with Electric Heat 
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No. Measure Retail/Customer Sector 
12 Shade trees Residential 
13 Awnings Commercial 
14 Ventilation systems Commercial 
15 Refrigeration optimization Commercial 
16 Efficient pool pumps Commercial/Limited residential 

DSM Measure Parameters 
In order to parameterize the candidate DSM measures, Leidos has leveraged various 
TRMs (including the 2015 Illinois (“IL”) Statewide TRM, 2016 Pennsylvania TRM, 
CMUA TRM, and 2011 Hawaii Energy TRM), existing studies and reports (including 
the Xcel Energy DSM Plan, Xcel Energy DSM Status Report, Black Hills DSM Plan, 
Alliance for Community Trees: The Value of Shade, and Arbor Day Foundation Flyers), 
as well as Leidos’ knowledge and experience from prior projects.  Program descriptions 
and details surrounding the energy/demand impacts, costs/incentives, and other key 
assumptions are as follows, with a comprehensive spreadsheet table of all measure 
assumptions also made available to LES as Appendix B, Attachment 1.  Prospective 
new measures that were determined not worthy of pursuit jointly with LES during the 
parameterization process are noted via a parenthetical.  In those cases, the description 
and/or parameter discussion reflects the initial thinking and research but may not have 
been fully fleshed out. 

1. Lighting (LEDs) 
o Description. The LED lighting program is intended to replace existing 

or end of life incandescent or fluorescent light fixtures with LED lamps 
across a range of bulb sizes (assumed to be an equal mix of 60-, 75-, and 
100-watt equivalents). The lighting program is comprised of two sub-
programs, a point-of-sale rebate and a multi-family direct install 
(through building owners/managers). Point-of-sale (“POS”) rebates 
would provide for a rebate that would be built into the retail price, while 
the direct install measure entails LES providing up to four LED bulbs to 
the building management/property owner as part of a larger multi-family 
engagement program.  Inspections of sampled buildings/units would be 
performed by LES to ensure installation/persistence. 

o Energy/demand impact. Impacts were determined from a review of 
multiple TRMs, as well as an independent benchmark calculation, 
reflecting typical bulb wattages and operation assumptions.  Separate 
parameters for the multi-family LED direct install measure are 
essentially four times the LED point-of-sale measure parameters. The 
NTG assumption has been set to 100% for the direct install program, 
although it is possible there might be some free ridership and some LED 
bulbs that are replaced with non-LEDs (e.g., due to aesthetics). 
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DSM Measure Potential Evaluation (Objective 5) 

o Cost/incentive. Cost assumptions were drawn from various TRMs and 
supplemented by retailer research.  Rebate level for the POS portion of 
the measure was assumed at the level of benchmark programs. 

2. Behavioral (Residential) 

o Description. The Comparison Report Pilot is a residential behavioral 
program designed to provide customers with individualized and peer 
comparison of energy use information.  LES will work with an 
implementation contractor (e.g., OPower) to develop and deliver the 
energy reports. 

o Energy/demand impact. Multiple sources, which included the ACEEE 
and NREL, have concluded that the estimated energy savings resulting 
from this type of behavioral program will be 2% of energy use.  The 2% 
energy saved value benchmarks well against the actual energy savings 
found for Xcel Energy and Black Hills.  The remaining parameters for 
this measure have been based on the actual results of Xcel Energy and 
Black Hills. 

o Cost/incentive. The program will have no monetary incentive.  The 
estimated program cost incurred by LES is $10 per customer-year, which 
includes program administration, marketing, and delivery costs. 

3. Refrigeration Retrofits (Commercial) 

o Description. This program represents a bundle of various options for 
improving the performance of existing refrigerators by installing or 
replacing parts that enhance efficiency. Based on Leidos’ review and 
prior experience, the specific options proposed include (i) automatic 
door closers for walk-in coolers and freezers, (ii) humidity or 
conductivity sensing door heater controls for coolers/freezers, (iii) 
electronically commutated motors on the evaporator fan or fan coil, (iv) 
a strip curtain for walk-ins, and (v) an evaporator fan control on the 
motor. As applicable, the baseline for such measures would be simply 
going without the option (e.g., no automatic door closer) or some 
existing alternative (e.g., shaded pole motor).  

o Energy/demand impact. Energy and demand impacts and useful life 
assumptions have been derived from a combination of Leidos’ review 
and the most recently available IL TRM. Where applicable, the estimated 
savings reflect a simple average of freezer and cooler applications from 
the TRM, with the assumption that all demand savings that accrue to the 
asset would occur during the peak period. Peak coincidence is set at 
100% based on the idea that the end uses run continuously without 
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significant regard to the time of day, the day in question, or the week in 
question. The NTG assumption reflects an average of multiple TRMs 
and the premise that businesses tend to have a more pragmatic view of 
investment than residential customers. 

o Cost/incentive. Incentive costs have been set to a range of $25 to $75, 
covering as much as 50% of the measure cost. Costs reflect, in general, 
an average of freezer/cooler parameters, and are generally based on the 
IL TRM. 

4. High-efficiency Heat Pump Rebate (primarily focused on multi-family sector; 
as mentioned previously, this measure was subsequently removed from 
consideration due to overlap with pre-existing HVAC measures) 

o Description.  As part of a larger engagement with multi-family building 
owners, this measure reflects incentivizing of smaller AC units (assumed 
to average 1.5 tons) of at least 15 SEER relative to assumed baseline 
equipment of 13 SEER, the current federal standard.   

o Energy/demand Impact.  The measure parameters are based on 
parameters from the Objective 3 evaluation of residential AC, with an 
assumed unit size of 1.5 tons, and adjusted to multi-family based on the 
average home size differential.   

o Cost/incentive. Cost and incentive assumptions were similarly based on 
2015 LES HEHP program data provided as part of the Objective 3 
evaluation. 

5. Low Flow Faucets 

o Residential Multi-family 

 Description. Part of the larger multi-family program, this 
measure provides faucet aerators (up to 2 per unit) for each 
building engaged as part of the program.  It is anticipated that 
building owners/management companies would be provided the 
fixtures at no cost, subject to agreement to install, using their 
maintenance staff or a contractor.  As discussed above, some 
level of inspection of sampled buildings/units would be 
performed by LES to ensure installation/persistence. 

 Energy/demand impact.  Parameters were drawn from various 
representative TRMs, and were supplemented by information 
based on prior Leidos projects and experience.  In addition to the 
energy savings, the building owner would typically be able to 
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DSM Measure Potential Evaluation (Objective 5) 

take advantage of water-related savings, as costs of water are 
typically embedded in the lease cost. 

 Cost/incentive.  Assumed fixture cost was also taken from the 
Illinois TRM.  Installation cost is not included, as the 
building/unit owner is assumed to perform the installation. 
Admin costs include an allowance for both engagement and 
clerical activities. 

o Commercial (While some of these parameters were initially researched 
and included in a draft parameters table, in consultation with LES staff, 
it was determined that the penetration of electric water heaters on the 
commercial side was sufficiently low that no water heating measures on 
the commercial side would be pursued.  Accordingly, this measure for
the Commercial class was abandoned.) 

 Description. The commercial program is predicated upon either 
a bathroom faucet aerator with a flow rate of 0.5 gallons per 
minute or less (assuming electric water heating) or a kitchen 
faucet aerator with a flow rate of 1.5 gallons per minute or less 
(assuming electric water heating). An additional option specific 
to the sprayer on a commercial kitchen dishwashing faucet has 
been parameterized (with a flow rate of 1.06 gallons per minute). 

 Energy/Demand impact. Savings and demand impacts, as well 
as useful life, have been obtained from a combination of sources, 
including the IL TRM, the Michigan Energy Measure Database, 
and information obtained from Leidos’ prior experience. For 
restrooms, an average of public and private restroom rates have 
been assumed. Savings associated with kitchens assume a 
medium/moderate level of water use at a given facility.  

 Cost/incentive. Given the low cost of the faucet aerators on an 
incremental basis, the incentive level is proposed to equal the full 
cost of an incremental installation. For the sprayer, incentive 
levels have been set to 50% of the incremental cost. 

6. Low Flow Showerheads (Multi-Family)  

o Description. Similar to the measure above, part of the larger multi-
family program to retrofit standard showerheads with low flow 
showerheads (up to 2 per unit) for each building engaged as part of the 
program.  It is anticipated that building owners/management companies 
would be provided the fixtures at no cost, subject to agreement to install, 
using their maintenance staff or a contractor. 
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Section 5 

o Energy/demand impact.  Parameters were drawn from various 
representative TRMs, and were supplemented by information based on 
prior Leidos projects and experience. 

o Cost/incentive.  Assumed fixture cost was also taken from the Illinois 
TRM and benchmarked to retailer data, which tends to support the 
Illinois TRM.  Building/unit owner is assumed to perform the 
installation. 

7. High Efficiency Furnace Blower Motor (Residential) 

o Description. Residential HVAC program that is designed around the 
retrofit of standard furnace blower motors with a brushless permanent 
magnet (“BPM”) furnace blower motor.  While much of this equipment 
would be periodically replaced as part of a larger system replacement, 
this measure would provide for a rebate based on purchase and 
installation of a high efficiency blower motor, regardless of the heating 
fuel source. 

o Energy/demand impact.  The Illinois TRM was the primary source for 
the parameter assumptions.  

o Cost/incentive.  The cost of the measure, inclusive of installation, was 
also drawn from the Illinois TRM and was supplemented with retailer 
research. 

8. Smart Thermostats (Residential) 

o Description. Residential HVAC program that is intended to retrofit a 
standard thermostat with a smart thermostat.  This measure would be 
separate from communicating thermostats discussed elsewhere to 
determine how the economics compare to DR-enabled devices and 
supporting infrastructure. 

o Energy/demand impact. The Xcel Energy DSM Plan was the primary 
source for the parameter assumptions with supplemental information 
based on prior Leidos projects and experience.  As the majority of LES 
residential customers primarily use natural gas for heating, the energy 
savings are not reflective of any heating savings.  Demand savings 
already reflect a peak summer period relevant to LES.  The assumed 
NTG reflects some amount of free ridership and lack of persistence of 
appropriate control to achieve savings. 

o Cost/incentive.  Equipment and installation cost is based on a variety of 
primary research and review of TRMs.  The incentive is set to a sufficient 
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DSM Measure Potential Evaluation (Objective 5) 

fraction of the total installed cost to significantly reduce the gross 
payback period. 

9. High Efficiency Ventilation Fans (Commercial) – While some of these 
parameters were initially researched and included in a draft parameters table, in 
consultation with LES staff, it was determined that this end use was already 
covered in LES’ existing C&I custom efficiency program and that consequently, 
this measure should not be separately analyzed.  In addition, it was determined 
that the prevalence of large industrial ventilation fans (e.g., agriculture industry) 
was low. 

o Description. High-efficiency ventilation fans, also referred to as high-
volume, low-speed (“HVLS”) fans, as well as high-speed circulation, 
ventilation, and exhaust fans, which would primarily be adopted in the 
agricultural or industrial sectors, can save a significant amount of energy 
relative to a standard baseline fan that has reached its end-of-life state. 

o Energy/demand impact. Energy and demand impacts and useful life 
assumptions have been derived from a combination of Leidos’ review 
and the most recently available IL TRM. Where applicable, the estimated 
savings reflect a simple average of fan diameters from the TRM, with 
the assumption that all demand savings that accrue to the asset would 
occur during the peak period. 

o Cost/incentive. For ceiling mounted fans, measure costs reflect an 
average of multiple diameters; for other fans, savings are assumed to be 
independent of size. 

10. AC Load Control via Programmable Communicating Thermostats (PCT) or 
Switches 

o These potential measures essentially extend from the AC DR Pilot 
currently underway at LES, combining both LES’ intelligence and data 
gathering as this Pilot has progressed with Leidos research and 
experience. However, the measure parameters should be viewed as 
representative only at this point, and the conclusions of the evaluation 
subject to further refinement by LES beyond this effort.  This is 
particularly true of the commercial side, which has not been engaged yet 
in the Pilot. 

o On both the residential and commercial side, four somewhat different 
technologies and implementation methods are to be considered as 
follows: 
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a. Incentive for a self-installed PCT with communication over Wi-
Fi/internet 

b. Same as (a) but PCT is installed by LES (i.e., direct install) 

c. Incentive to have a control switch installed by LES with 
communication technology as above 

d. Same as (c) but communication over a cellular network (noted as 
“cell” in the tabular presentation of results) 

o Residential 
 Description. As discussed above, direct control of AC units will 

be enabled through either PCTs or control switches utilizing 
either the participants’ Wi-Fi over the internet or simple one-way 
cellular-based communication technology.  In the case of a 
setback enabled by a PCT, the natural duty cycle of the system 
would be reduced or completely shut off during control events. 
In cases of a load control switch, the natural duty cycle may be 
reduced to some degree as a result of 50% hourly cycling 
(typically 15 minutes on, 15 minutes off) during control events. 
It is assumed there will be approximately three DLC events per 
month during the three peak summer months (Jun-Aug), totaling 
9 DLC events per year. 

 Energy/demand impact.  In all cases, the demand impact is 
assumed at 1 kW, based on a typical rule of thumb, which 
benchmarks fairly closely to a more detailed calculation at a 
baseline unit efficiency and typical unit size.  However, the 
savings may be noticeable for the switch-enabled control relative 
to the PCT control, unless the control cycle were increased during 
control events, which risks increased attrition/opt-out14. In the 
hours immediately following a DLC event, a load “snapback” 
(increase in energy and demand) is typically experienced, which 
makes up for energy saved during the control event.  A 2013 
Minnesota study on the snapback impact concluded that there are 
still some net energy savings and reported 0.72 kWh of snapback 
and 0.71 kWh net savings per control event around a peak 
demand reduction of 0.3 kW.  For purposes of this analysis, the 
net kWh savings were adjusted relative to the assumed 1.0 kW 
peak demand reduction, resulting in a 2.37 kWh net energy 
savings per event. Overall, AC load control is highly utility-

14 The Xcel Energy Technical Reference Manual for the Colorado 2016 DSM Plan was used as the 
basis for energy savings for programmable thermostats. 
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specific, and Leidos recommends LES revisit these assumptions 
as measurable data is derived from the Pilot. 

 Cost/incentive.  Detailed up-front and on-going incentives and 
administrative costs are included in Appendix B, Attachment 3, 
as derived from LES projections.  Incentives are assumed to be 
paid to participants upon installation of devices.  In addition, an 
annual incentive credit of $35 would be provided to participants. 
The on-going program costs are inclusive of O&M, 
administration, and technology costs, including costs of use of 
the cellular system.  The assumed costs reflect a rough estimate 
of the economies of deployment of both sectors; to the extent 
only one sector is implemented, certain costs would likely be 
somewhat higher. 

o Commercial 

 Description. Similar to the residential measure above, this 
program is predicated on PCT-based or switch-based control of 
AC systems, with incentives provided upon installation and 
throughout the participation period, the latter subject to a limited 
number of event opt-outs.   

 Energy/demand impact. Setback on PCT systems and direct 
control reflecting 50% cycling is assumed sufficient to achieve 5 
kW per unit.  Energy impacts have been based on a proportional 
reduction relative to the residential savings described above. 
Useful life is assumed to be equivalent to the residential sector 
program. 

 Cost/incentive. Costs and incentives, based on LES projections, 
are outlined in Appendix B, Attachment 3. 

11. Air Sealing (Multi-Family)  

o Description. Residential house sealing program that is designed to 
provide air-sealing and window film-barriers to multi-family units.   

o Energy/demand impact.  The measure parameters are based on 
parameters from the Objective 3 evaluation of residential Whole House 
Sealing, adjusted for multi-family based on the average home size 
differential. 

o Cost/incentive.  Similarly, cost and incentive levels were based on the 
existing Whole House Sealing measure, and adjusted to multi-family 
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home size based on a ratio approach using square footage differentials 
derived from US Census data. 

12. Shade Trees (Residential) 

o Description. Residential program that is intended provide trees in 
housing areas with limited to no tree cover. 

o Energy/demand impact. The parameter assumptions for this program 
have been leveraged from multiple sources including the Alliance for 
Community Trees, the Arbor Day Foundation, USDA Forest Service, 
Arizona Public Service Company, and Idaho Power. 

o Cost/incentive.  The measure cost, obtained from sources noted above, 
is inclusive of delivery and planting of the tree. 

13. Awnings (Commercial) 

o Description. This measure provides an exterior shade screen (assumed 
at 60 square feet) with a minimum shading coefficient of 0.30, as 
compared to a south, west, or east window with no screen. 

o Energy/demand impact. Preliminarily, the estimates of demand and 
energy impact for awnings have been derived from a combination of the 
CMUA TRM and the Tucson Electric Power published web materials. 
Currently, shade screen initiatives are active in sunny climates such as 
Florida, Arizona, and California. It should be noted that a striped cloth 
storefront awning is not an energy saving measure.  Architectural screens 
and shade devices are incentivized in very sunny climates, but as noted 
above are bounded in terms of precedent in other climates. 

o Cost/incentive. Measure cost on a square foot basis was drawn 
primarily from Arizona program data with some review of other 
programs in Florida and California. Incentive levels are suggested to 
cover a majority of the measure cost. 

14. Ventilation Systems (Commercial; while some of these parameters were initially 
researched and included in a draft parameters table, in consultation with LES 
staff, it was determined that these end uses were essentially covered in LES’ 
existing C&I custom program.  Accordingly, evaluation of this potential 
measure was not pursued.) 

o Description. This measure entails demand-controlled ventilation as a 
function of the installation of a carbon dioxide sensor on the return fan. 
The measure would involve several alternative baselines, and has 
assumed 1,000 square feet of ventilation controlled space per project. 
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Baselines would include uncontrolled return fans for cooling only, heat 
pumps, and resistance heat. 

o Energy/demand impact. Energy and demand impacts as well as useful 
life are generally based on Leidos’ review and the IL TRM, with the 
understanding that the default building type for the Springfield area is 
assumed to be representative of a similar building within the LES service 
territory. 

o Cost/incentive. Based on the resolution made in partnership with LES 
to exclude this measure from the downstream CARAT simulations, a 
cost/incentive basis was not derived. 

15. Refrigeration Optimization (Commercial) 

o Description. This measure, similar to the retrofit measure defined 
above, reflects a range of measures that are intended to optimize the 
performance of the refrigerator and thereby result in a significant 
efficiency improvement. Leidos has parameterized several options in this 
domain, including (i) a floating head pressure control on a single 
compressor refrigeration system, (ii) an evaporator coil defrost controller 
for small walk-in coolers/freezers, and (iii) a variable speed compressor 
control unit. Baselines are generally reflective of a lack of the measure 
(e.g. no defrost control) or an alternative control system (slide valve 
control). 

o Energy/demand impact. Energy and demand impacts, as well as useful 
life, have been derived from a combination of sources, including the 
2016 PA TRM, and the Michigan Energy Measure Database. Savings 
estimates reflect the assumption of a medium or large case or walk-in 
refrigerator and associated existing control systems. Where appropriate, 
the savings estimate reflects an average of freezer/cooler systems.  As 
discussed previously for Refrigeration Retrofits, peak coincidence is 
assumed at 100%, as this equipment runs around the clock.  NTG is 
assumed at 75% based on a review of C&I measures across several 
TRMs. 

o Cost/incentive. Measures cost and incentive levels are based generally 
on the PA TRM and Michigan database mentioned above. 

16. Efficient Pool Pumps 

o Description. Pool pump program that is anticipated to replace single 
speed pool pumps with high efficiency variable speed pool pumps, in the 
residential and commercial sectors. 
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o Residential 

 Energy/demand impact. The residential high efficiency pool 
pump program is based on a pool pump unit of 0.75 horsepower. 
The Hawaii Energy TRM served as the primary source for the 
measure assumptions and was supplemented by Leidos 
knowledge and experience. 

 Cost/incentive. Cost assumptions were obtained from the 
Hawaii Energy TRM and supplemented with retailer research. 

o Commercial 

 Energy/demand impact. The energy and demand impacts are 
predicated on a baseline of a single speed pool pump of 3 
horsepower or less. Information has been gathered based on a 
recent Southern California Edison white paper on the 
implementation of this measure in the commercial sector. 
Savings are reflective of a “replace on burnout” case (i.e. the 
prior pump has failed). 

 Cost/incentive. The measure cost estimate and incentive level 
are derived from the same Southern California Edison white 
paper source and Leidos’ proposed incentive level based on our 
prior experience, respectively, which reflects 50% of the total 
measure cost. 

Initial Adoption Estimates 

Leidos has developed adoption estimates for use in the CARAT model based on a 
variety of data sources, supplemented by our DSM program management experience 
and judgment regarding the likely pace of activity for new SEP measures that LES may 
undertake. Primary data sources are as follows: 

 Historical and projected customer count data from the LES 2015 Load Forecast 

 LES 2014 Residential Customer Energy Use Survey 

 LES commercial customer counts by NAICS code 

 Energy Information Administration (EIA) 2009 Residential Energy 
Consumption Survey (RECS; data summarized for the NE & KS region) 

 EIA 2012 Commercial Buildings Energy Consumption Survey (CBECS; 
Midwest data) 

 Bureau of the Census 2010 Census and 2014 American Community Survey 
(Lincoln data) 
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Appendix B, Attachment 2 provides the initial adoption estimates across the potential 
measures to be evaluated as discussed above. 

Certain details regarding how these sources were used are provided on a by-measure 
basis below. Note that these adoption estimates should be viewed as very preliminary 
and highly dependent upon the measure description and will also depend on 
implementation details, which is highly uncertain at this time.  Importantly, the Benefit-
Cost measure results that will be produced by the CARAT model are not highly 
dependent upon these adoption estimates as administrative costs are primarily estimated 
on a unit basis.  As the measure details are refined and as measures pass the screening, 
it is likely that adoption estimates should be refined somewhat for purposes of 
downstream planning. 

The measures aimed at the residential multi-family segment will require a concerted 
marketing and engagement effort to overcome what is referred to as the “principal-agent 
problem,” both for the rental market, which makes up the lion’s share (estimated at 
82%) of the multi-family segment, and for other ownership/management arrangements 
(e.g., condo boards, multi-unit managers, etc.).  This situation is characterized by 
decisions made by an agent (building owner) that affects the principal (renter), such that 
the decisions made are not necessarily economic for the principal but over which the 
principal has little or no control.  This marketing and engagement effort for rented 
buildings should be designed around the idea that energy efficiency measures enhance 
the marketability of the building and can result in increased rental rates and income.  In 
addition, the water savings measures will reduce operating costs for many multi-family 
buildings, as water and sewer costs are typically embedded in rental rates rather than 
paid separately by the renter.  Condo buildings would typically be more directly engaged 
via standard measures, as they typically suffer less (assuming owner-occupied units 
with more freedom regarding upgrades) from the principal-agent problem, but may have 
a layer of management bureaucracy to be engaged with messaging regarding 
stakeholder benefits of energy efficiency.  Adoption rates in the multi-family segment 
will therefore be highly dependent upon (i) the level of effort expended by LES and (ii) 
the success of those efforts to overcome the principal-agent problem and the various 
ownership and end use equipment control regimes that are in place. 

For commercial measures, an important starting point was to characterize the saturation, 
or prevalence, of end uses or building types that are relevant to any particular measure.  
Approximate saturation was developed based on a review of the LES customer counts 
by NAICS code and an assignment of the existence of a particular end use or relevance 
to a particular measure.  While the customer count data by NAICS code was assumed 
to be generally fully representative of the LES system, an adjustment was made to 
capture a representative allowance for restaurants, which did not appear in the dataset 
but are certainly prevalent in the LES service area.  Additionally, data from CBECS was 
used to further segment particular end uses.  However, given the granularity of measures 
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in this customer segment and the limited data regarding the business type and operations 
of the commercial and industrial class, these adoption estimates should be viewed as 
highly uncertain and likely highly volatile. As discussed above, the economic evaluation 
is not highly sensitive to the adoption assumption. 

Adoption rates for measures that reflect adoption of a more efficient technology than a 
baseline were developed by considering a potential pool of adoptees from new installs 
as well as replacements of failed units.  A fraction of this potential pool of adoptees was 
then assumed to actually adopt the measure in question, based on the incentive being 
offered and its impact on payback.  While certain measures reflect a replacement of an 
existing technology, the majority of measures, particularly on the commercial side, 
reflect a retrofit, such that useful life and replacements of existing units were not a key 
consideration.  For these retrofit measures, the adoption rate simply considered the pool 
of potential adoptees based on saturation of the underlying end use or building type and 
an assumed adoption rate, again based on the incentive and resulting net payback. 
Accordingly, changes to the assumed measure cost and incentive amounts should result 
in some adjustment to the adoption rates.  However, the actual adoption rates are highly 
uncertain, vary considerably across DSM programs with which we are familiar, and are 
fairly volatile from year to year. 

Measure-specific Adoption Assumptions and Considerations:  

1. Lighting (LEDs) – For the point-of-sale (“POS”) rebate measure, 
approximately 2% of residential customers are assumed to purchase an average 
of four (4) discounted LED bulbs of various sizes per year (such that the average 
bulb size is an average across 60-, 75-, and 100-watt equivalent).  This adoption 
rate is based on our typical experience, though POS rebate purchase rates are 
highly variable across programs/regions.  The number of bulbs purchased is 
intended to dovetail with our assumption regarding operating hours in that the 
bulbs will be utilized in primary lighting fixtures in the home (i.e., to the extent 
more bulbs are purchased, the savings should be assumed lower as these bulbs 
will be in successively lower usage locations).  For the multi-family direct install 
program, we have assumed that approximately 2% of LES multi-family 
customers (approximately 680 customers in year 1) will be captured per year 
and provided with up to 4 bulbs through the engagement of building 
owners/management companies.  However, as discussed above, the rate of 
adoption is highly dependent on the efforts of LES and the desired level of 
activity and adoption. 

2. Behavioral – For evaluation purposes, we have assumed this program would 
essentially be an extensive pilot of approximately 10,000 customers conducted 
over three years to determine its suitability for the LES system and to benchmark 
industry findings regarding the level and persistence of impacts.  As the program 
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costs are assumed to be solely on-going and on a per-unit basis, the adoption 
assumption is not a consideration to the evaluation.  However, the ultimate 
overall program impact, if adopted, would require a more refined participation 
assumption and a particular premise regarding the longevity of the program, 
which is solely at LES’ discretion (i.e., the number of customers included can 
be any proportion of LES’s customer base desired). 

3. Refrigeration Retrofits – Refrigeration saturation was based on the LES 
customer counts by NAICS code data, adjusted to capture restaurants, as 
discussed above. Refrigeration types were segmented to some degree based on 
CBECS data for the Midwest. Assumed adoption was 0.5% to 2.0% per year 
across these measures depending on net payback. 

4. High-efficiency Heat Pump Rebate (Multi-Family) – Adoption estimates 
reflected an estimate of new installs and replacements based on the pool of 
multi-family customers, an assumed saturation rate of 35%, and the assumed 
useful life of existing units. The adoption rate was assumed to be 1.0%, 
reflecting that adoption will be somewhat limited as a result of the principal-
agent problem (i.e., building owner/decision maker is often not the party that 
pays the electric bill). This measure was subsequently removed as it was deemed 
already covered by the existing HVAC measures. 

5. Low Flow Faucets (aerator) 

o Multi-family – Similar to the multi-family LED direct install program, 
it was assumed that approximately 2% of units would be captured each 
year and up to two aerators per unit would be provided for the building 
manager or occupant to install. 

o Commercial – This measure for the Commercial class was not 
evaluated. 

6. Low Flow Showerheads (Multi-Family) – Similar to the Low Flow Faucets 
measure above, 2% of units were assumed captured each year and, on average, 
1.5 low flow showerheads provided for the building manager or occupant to 
install (as there will be some mix of number of full bathrooms in the home).  

7. High Efficiency Furnace Blower Motor – Similar to the High-efficiency AC 
rebate, adoption estimates are based on a projection of new installs and 
replacements, with an adoption rate of 2%, as payback is relatively short. 
Accordingly, the adoption rate of this measure is limited only by the marketing 
and engagement efforts of LES and the rate of new installs and replacements of 
HVAC systems. 
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Section 5 

8. Smart Thermostats – The adoption rate reflects that 2% of customers currently 
without smart thermostats will take advantage of the rebate and acquire units.  It 
was assumed that all new installs of HVAC systems would include a thermostat, 
such that this device is always a retrofit.  It is likely that newer installation will 
have a greater prevalence of smart units than the existing stock.  Accordingly, it 
is likely that the adoption rate for this measure will decline through time, perhaps 
precipitously, relative to the assumed rate in this study. 

9. High Efficiency Ventilation Fans – As mentioned above, this measure was not 
evaluated. 

10. AC Load Control 

o Residential – Based on a review of the programs of other municipal 
utilities, guided by LES survey information (the recent LES survey 
suggested 32% of residential customers would allow LES to control their 
AC system; however, any actual program roll-out is likely to garner 
significantly lower participation). 

o Commercial – As these programs are not as prevalent for commercial 
customers and many types of customers would not or could not readily 
have outside control of HVAC systems (e.g. retail establishments for 
which comfort is viewed as critical for operations, buildings with 
complex energy management systems, chiller systems), we have 
assumed a relatively low adoption rate of 4% of commercial and 
industrial customers. 

11. Air Sealing (Multi-Family) – Similar to the above, residential multi-family 
measures, the adoption projection reflects 2% of multi-family customers per 
year. 

12. Shade Trees – The adoption projection reflects 1% of single-family residential 
customers per year based on the premise that only a small proportion of 
homeowners will be amenable to the program and a limited level of activity 
could be supported by both LES and the Arbor Day Foundation. 

13. Awnings – The prevalence of building types that might be amenable to awnings 
was estimated at approximately 60% from the customer counts by NAICS code 
data, discounted by the assumption that 20% of these buildings already have 
awnings, and an adoption rate of 0.5% (reflecting the poor net payback of the 
measure).  For purposes of the evaluation, the average awning size was assumed 
to be 60 square feet. 

14. Ventilation Systems – As mentioned above, this measure was not evaluated. 
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DSM Measure Potential Evaluation (Objective 5) 

15. Refrigeration Optimization – Similar to the Refrigeration Retrofits program 
above, adoption projections were based on end use saturation developed from 
the LES customer counts by NAICS code data, segmented to some degree based 
on CBECS data, and assumed adoption rates of 0.5% to 2.0% per year depending 
on net payback. 

16. Efficient Pool Pumps 

o Residential – Adoption projections for high efficiency pool pumps were 
based on an end use saturation of 3% from LES’ 2014 survey and an 
adoption rate of 2% of the pool of potential adoptees from new installs 
and replacements. 

o Commercial – Adoption projections reflect an estimate of saturation of 
swimming pools based on LES customer counts by NAICS code data 
(resulting in an assumed prevalence of swimming pools of 2% of 
commercial customers) applied to customer count projections to result 
in new installs and replacements of pool pumps combined with an 
assumed adoption rate of 2%. 

Avoided Cost and Retail Rate Assumptions 

The same assumptions used for avoided energy costs, avoided capacity costs, avoided 
T&D costs and retail rates in the Objective 3 evaluation have been leveraged for the 
Potential Measure evaluation. Refer to the Objective 3 section of the document 
for further information on these cost assumptions. 

Results 
The table below summarizes the results of the four benefit-cost ratios across 
the potential DSM measures analyzed for the base case. A successful DSM 
measure benefit-cost ratio test (above 1.0) has been denoted with green shading for the 
respective measure and test. Note that for programs that do not have an actual 
participant cost component (e.g., LED direct install), a PCT ratio is not shown, as it 
would effectively be infinite. 
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Section 5 

Table 5-2 
Benefit-Cost Ratio Results – Potential Measures (Base Case) 

Program Measure Utility Cost Test Rate Impact 
Measure Test 

Total Resource 
Cost Test 

Participant Cost 
Test 

R
es

id
en

tia
l 

LED Rebate 2.37 0.65 1.55 5.00 

LED Multi-family (MF) Direct Install 1.80 0.60 1.80 -

Residential Benchmarking Energy Report 0.83 0.33 0.83  -
Bring-Your-Own-Thermostat (BYOT) 
Demand Response (DR) 

0.63 0.50 0.85  2.92 

Direct-Install Smart T-stat DR 0.44 0.37 0.70  -

AC DLC (Wifi) DR 0.30 0.29 0.48  -

AC DLC (Cell) DR 0.26 0.26 0.40  -

HE Pool Pump 1.12 0.36 0.32 0.85 

Shade Trees (Sapling Planting) 1.48 0.56 1.48  -

Smart Thermostat Rebate 1.41 0.55 0.49 0.82 

HE Furnace Blower 8.34 0.72 3.33 7.00 

Low Flow Faucet Direct Install (MF) 3.19 0.78 3.19 -

Low Flow Showerhead Direct Install (MF) 11.44 0.91 11.44 -

House Sealing Direct Install (MF) 0.82 0.50 0.27 0.32 

C
om

m
er

ci
al

 

Automatic Door Closer 3.82 0.68 2.01 5.18 

Anti-Sweat Heater Control 4.12 0.73 1.02 1.54 

ECM Motor 3.48 0.72 1.24 2.09 

Strip Curtain 2.98 0.68 0.90 1.47 

Evaporator Fan Control 2.80 0.66 0.60 0.90 

Floating Head Pressure Control 2.65 0.96 0.67 0.59 

Defrost Control 4.41 0.28 0.52 1.94 

Variable Speed Compressor Control 3.05 0.66 1.29 2.63 

Var. Speed Pool Pump 2.50 0.74 1.33 2.68 

BYOT Smart T-stat DR 0.96 0.16 1.49 31.25 

Direct Install Smart T-stat DR 0.80 0.16 1.43 -

AC DLC (Wifi) DR 0.66 0.13 1.20 -

AC DLC (Cell) DR 0.62 0.13 1.09 -

Shade Screen or Device 0.24 0.11 0.17 2.57 
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DSM Measure Potential Evaluation (Objective 5) 

Table 5-2 
Benefit-Cost Ratio Results – Potential Measures (Carbon Case) 

Program Measure Utility Cost Test Rate Impact 
Measure Test 

Total Resource 
Cost Test 

Participant Cost 
Test 

R
es

id
en

tia
l 

LED Rebate 2.90 0.79 1.89 5.00 

LED Multi-family (MF) Direct Install 2.21 0.73 2.21 -

Residential Benchmarking Energy Report 0.83 0.33 0.83 -
Bring-Your-Own-Thermostat (BYOT) 
Demand Response (DR) 

0.66 0.52 0.89 2.92 

Direct-Install Smart T-stat DR 0.47 0.39 0.73 -

AC DLC (Wifi) DR 0.30 0.29 0.48 -

AC DLC (Cell) DR 0.27 0.26 0.40 -

HE Pool Pump 1.53 0.49 0.44 0.85 

Shade Trees (Sapling Planting) 1.81 0.69 1.81  -

Smart Thermostat Rebate 1.65 0.65 0.57 0.82 

HE Furnace Blower 10.45 0.90 4.16 7.00 

Low Flow Faucet Direct Install (MF) 3.82 0.93 3.82 -

Low Flow Showerhead Direct Install (MF) 13.76 1.09 13.76 -

House Sealing Direct Install (MF) 0.95 0.58 0.32 0.32 

C
om

m
er

ci
al

 

Automatic Door Closer 5.01 0.89 2.64 5.18 

Anti-Sweat Heater Control 5.45 0.97 1.36 1.54 

ECM Motor 4.63 0.96 1.64 2.09 

Strip Curtain 3.91 0.89 1.18 1.47 

Evaporator Fan Control 3.71 0.87 0.80 0.90 

Floating Head Pressure Control 3.64 1.32 0.92 0.59 

Defrost Control 4.85 0.31 0.57 1.94 

Variable Speed Compressor Control 4.03 0.88 1.70 2.63 

Var. Speed Pool Pump 3.35 1.00 1.78 2.68 

BYOT Smart T-stat DR 0.99 0.17 1.54 31.25 

Direct Install Smart T-stat DR 0.82 0.16 1.48 -

AC DLC (Wifi) DR 0.67 0.14 1.21  -

AC DLC (Cell) DR 0.63 0.13 1.09  -

Shade Screen or Device 0.26 0.12 0.18 2.57 

The majority of measures successfully pass the UCT, TRC, and PCT benefit-cost ratios. 
Direct load control measures did not pass the UCT or TRC test, and thus are not 
economically viable for either the residential or commercial sectors due to the amount 
of administration and incentive costs (see Appendix B, Attachment 3) compounded with 
very weak avoided capacity costs given the current (and near-term projected) market 
conditions. The Shade Screen measure also failed most of the tests and does not appear 
cost-effective. 
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Section 6 
Description of Key Project Deliverables 

Measure Parameter Tables 
The existing and potential SEP measures have been evaluated on the basis of various 
technical, economic and programmatic assumptions.  These assumptions are 
summarized in a tabular format on a by-measure basis, for both the existing and 
potential measures. 

Existing SEP Measures 

The Existing SEP Measure Parameter Table is a summary table that displays the 
technical, economic, and programmatic assumptions used to evaluate the existing SEP 
measures.  The table is inclusive of both the residential and commercial sectors. 

Potential SEP Measures 

The Potential SEP Measure Parameter Table is a summary table that displays the 
technical, economic, and programmatic assumptions used to evaluate the potential SEP 
measures.  The table is inclusive of both the residential and commercial sectors.   

Adoption Projections 

This table summarizes the ten year adoption projections for each of the potential SEP 
measures. 

Demand Response Measure Costs 

This table summarizes the various specific costs associated with the each of the four 
types of Demand Response programs for the residential and commercial sectors.  The 
costs are projected over a ten year period. 

Savings Warehouse 
The savings warehouse maintains the historical energy and demand impact estimates of 
the SEP programs and produces projected impact estimates that are consistent with 
standardized estimates of impacts associated with future projected levels of activity.  It 
is a dynamic database designed with flexibility around the assumptions driving the 
projections and requires limited user intervention.  The user is able to adjust the 
following assumptions: 
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Section 6 

 Summer/Winter Energy Savings 

 Summer/Winter Demand Reduction 

 Useful Life 

 Degradation 

 Monthly Shaping Factors 

 New Participants 

Export Spreadsheet (For Future Sensitivity Analysis) 
Spreadsheet output from CARAT that contains sufficient logic to summarize the results 
of the cost-effectiveness evaluations.  LES will be able to make adjustments to certain 
basic inputs within the Pro Forma structure to understand the implications of such 
changes on the relevant benefit-cost ratios that are the primary outputs of interest.  Base 
case outputs are provided for every existing and potential SEP measure. 
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Section 7 
Principal Considerations and Assumptions 

In conducting the SEP Review, as summarized in this report, we have made certain 
assumptions with respect to conditions that may occur in the future.  These assumptions 
relate primarily to the cost and characteristics of future end uses targeted by the SEP, 
the cost of SEP activities, and the avoided costs of energy and demand impacts of the 
SEP. With regard to certain of these factors, we have used and relied upon information 
provided to us, or prepared by others.  While we believe the assumptions made by us in 
conducting the SEP Review are reasonable for the purposes of this review, they are 
dependent on future events, and actual conditions may differ from those assumed. 
While we believe the sources of the information provided to us, or prepared by others, 
to be reliable and the use of such information to be reasonable for the purposes of the 
forecast, we offer no other assurances with respect thereto. 

The SEP Review was based upon the following principal considerations and 
assumptions: 

 Estimated energy and demand savings are based on a variety of industry resources 
and calculation methods.  While effort was made to ensure reasonable portability 
of the underlying assumptions to the LES region and system, no analyses regarding 
the operation of the end uses in question in the LES service area have been 
performed.  Accordingly, actual savings may vary somewhat from these 
assumptions. 

 Evaluations of both air- and ground-source heat pumps reflect specific assumptions 
regarding the prevailing heating fuel source, both on a baseline basis (i.e., 
alternative to adopting the measure in question) and with the measure adoption. 
The air source heat pump (ASHP) evaluations reflect that gas heat is predominantly 
used whether or not the adoption of an efficient rebated ASHP occurs.  The ground-
source heat pump (GSHP) evaluations reflect that the majority of situations reflect 
all-electric heat.  Instead, it is possible that some efficient, rebated ASHP and 
GSHP installations will offset a portion of gas-fired heat.  Accordingly, some 
rebated ASHP units will experience better economics than reflected herein, while 
some rebated GSHP units may experience better or worse economics (as the 
baseline or post-rebate heating may reflect some gas heat rather than all-electric).  

 Avoided capacity costs assigned to demand savings from the SEP are based on 
capacity values from the MISO market, as no capacity market exists in the SPP 
market.  It has been assumed that LES could capture the capacity value of any 
demand savings, for example through sales of capacity to other utilities.   

 While the future value of capacity is assumed to escalate at a considerably higher 
rate than inflation (as discussed in Section 3), to the extent the capacity market 
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Section 7 

reflects a tighter supply versus demand balance, it is possible that capacity values 
will escalate dramatically and more closely resemble the cost of a new resource in 
future years.  The High Capacity Value Case provides some indication regarding 
how the evaluation results might be affected. 

 Avoided energy costs assigned to energy savings from the SEP are based on 
projected average energy costs in the SPP market developed by LES.  These 
projections are based on a variety of assumptions about future resources, load 
levels, and fuel costs in the SPP market. Leidos has not performed an independent 
validation of those assumptions or the resulting market prices. 

 Administrative costs associated with existing SEP measures were based on a 
participation-weighted share of the total administrative cost of the SEP.  This 
implicitly reflects the assumption that these costs would be avoided if any SEP 
measure in question were curtailed.  However, it is possible that some portion of 
these costs are effectively fixed, so long as some measures and the SEP itself are 
still active.  Accordingly, the marginal administrative costs for existing SEP 
measures may be overstated somewhat.   

 The adoption projections for existing SEP measures were based primarily upon 
historical adoption rates.  Adoption projections for potential future SEP measures 
were based on estimates of the stock of end uses that are targeted by these measures 
and annual adoption percentages based on Leidos experience with DSM measures. 
There is considerable variability of DSM measure adoption rates in the industry, 
and these adoption projections are accordingly highly uncertain.  However, the 
evaluation results discussed herein are not highly sensitive to the adoption rates. 
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Section 8 
Conclusions 

This study has been primarily focused on evaluating the cost-effectiveness of existing 
and potential future DSM measures as part of the LES SEP.  It has produced a variety 
of statistics regarding cost-effectiveness from various perspectives and across multiple 
scenarios regarding avoided costs. More importantly, it has resulted in a body of work 
and tools that can be utilized going forward to periodically monitor cost effectiveness 
of the same measures and others that LES may wish to evaluate as future costs and other 
assumptions evolve. 

The SEP Review has demonstrated that while many of the existing measures in the SEP 
are cost effective, some of them do not appear to be, based on the assumptions that we 
have relied upon for the Base Case. The following captures the high-level results of the 
evaluation from the Utility Cost Test perspective: 

 HVAC rebate measures are generally not cost-effective under the Base Case, but 
are marginally to fully cost-effective under the High Capacity Value and Carbon 
Cases 

 The Whole House Sealing measure is not cost-effective, although as above is 
cost-effective under the High Capacity Value Case 

 Refrigerator/Freezer Recycling is generally cost-effective, although the impact 
of free ridership is highly uncertain and may be understated herein 

 The Energy Detective Kit measure is not cost-effective 

 Commercial Lighting measures are largely cost-effective 

 Commercial Custom Efficiency measures are cost-effective 

 The Power Purchase Program is cost-effective (even in today’s low capacity 
value market) 

These results reflect the significant deterioration of DSM economics caused by low 
capacity and energy prices driven primarily by excess capacity across much of the U.S. 
utility industry, low load growth, and low natural gas prices.  While the projections 
utilized herein reflect significant increases in natural gas prices and implicitly reflect an 
improvement in the load versus capacity balance in the industry, the level of avoided 
capacity and energy costs is far lower over the Study Period than in the recent past. 

The Utility Cost Test is often utilized as an indicator to guide endorsement.  While the 
Total Resource Cost test provides a more holistic view of the economics, the economics 
from the participant’s perspective that is embedded therein may not be as clear nor as 
important for the utility to take into account, so long as there is sufficient participation 
to justify the required administrative infrastructure. 
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Section 8 

Despite these poor conditions for DSM economics, the SEP Review reflects that there 
are a host of potential new measures that appear to be cost-effective and could be 
included in the SEP to expand its impact on future load levels.  The following candidate 
measures appear to be promising based on the benefit-cost evaluation, again primarily 
from the Utility Cost Test perspective: 

 LED point-of-sale rebate 

 Multi-family direct install program for LED bulbs and low-flow fixtures  

 Smart Thermostat rebate  

 Shade Trees (although the assumptions regarding impacts may not sufficiently 
discount the impacts during the early years of sapling growth) 

 High-efficiency furnace blower rebate 

 Various measures related to commercial refrigeration 

 Commercial variable speed pool pump  

These include additional measures for both residential and non-residential segments of 
LES’ customer base.  Some measures on the residential side reflect a very different 
approach than providing rebates for adopting efficient devices, with which LES has 
considerable experience.  Moving forward with these measures will require additional 
engagement with retailers and with the multi-unit residential real estate business 
segment in Lincoln. 

If the last ten years has taught us anything, it is that the drivers of the economics of DSM 
are highly volatile and any forecast of these drivers, highly uncertain.  As the future 
unfolds and these projections evolve, LES should periodically re-visit evaluations of 
this nature and be prepared to adjust both the parameters of its measures and the 
measures that are active.  The body of work that is discussed herein and the tools that 
Leidos has worked with LES to provide as part of the SEP Review should provide a 
solid base from which to stay abreast of the evolving DSM economics for LES. 
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Appendix A 
Existing SEP Measure Parameters 
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Appendix A‐1 

LES SEP Measure Assumptions ‐ Standardized Measures1 

Customer Sector Measure Category Measure Description (to be refined) Baseline Description Unit 

Gross Unit 
Energy 
Savings 
(kWh) 

Gross Unit 
Demand 
Savings 

(kW)2 

Measure 

Cost ($)3 

Baseline 

Cost ($)4 

Incremental 
Cost per unit 

($) 

Incentive 

($)5 

Meas. 
Life 

(Yrs)6 

System 
Peak 
Coinc. 

(%)7 

Net to 
Gross 

(%)8 

Residential A/C High Efficiency A/C Code‐compliant A/C Unit (2.5 tons) 350 0.40 7,300 6,300 3,018 460 15 75% 80% 

Residential Heat Pump High Efficiency Air Source Heat Pump Code Compliant A/C w/ Gas Heat Unit (2.5 tons) 400 0.40 8,800 7,500 5,283 430 15 75% 80% 

Residential Heat Pump High Efficiency Ground Source Heat Pump 
Code Compliant ASHP (80% of 
participants) or A/C w/ Gas Heat 
(20% of participants) 

Unit (3.9 tons) 2,500 2.80 20,000 4,300 15,700 3,100 15 75% 80% 

Residential Whole House Sealing & Insulation Air leak sealing and envelope insulation Minimally insulated envelope Customer 387 0.43 2,500 0 2,500 800 35 100% 70% 
Residential Fridge/Freezer Recycling Removal of inefficient, working appliance Inefficient appliance in use Customer 750 0.20 105 0 105 105 8 100% 70% 

Residential Education Household lighting, HVAC, and water fixture kit 
Standard household lights, water 
fixtures, dirty filter 

Customer 175 0.00 26 3 23 26 5 65% 60% 

Commercial A/C High Efficiency A/C Code‐compliant A/C Unit (6.5 tons) 792 1.01 15,048 9,317 5,731 975 15 55% 75% 
Commercial A/C High Efficiency Air‐Source Heat Pump Code‐compliant ASHP Unit (5 tons) 1,778 1.57 17,633 7,386 10,247 2,063 15 55% 75% 

Commercial Heat Pump High Efficiency Ground‐Source Heat Pump 
Code Compliant ASHP (80% of 
participants) or A/C w/ Gas Heat 
(20% of participants) 

Unit (5 tons) 8,330 2.49 47,974 6,399 41,575 4,527 15 55% 75% 

Commercial Lighting‐‐HID High Efficiency HID (PSMH, LED) Existing or End of Life HID Project 30,200 8.00 9,000 2,300 6,700 4,000 10 80% 75% 

Commercial Lighting‐‐LED High Efficiency LED fixture 
Existing or EOL Incandescent or 
Fluorescent Fixture 

Project 14,100 3.00 8,300 5,395 2,905 1,500 10 80% 75% 

Commercial Lighting‐‐Screw‐in LED High Efficiency LED fixture 
Existing or EOL Incandescent or 
Fluorescent Fixture 

Project 8,000 3.00 4,500 3,200 1,300 1,000 10 80% 75% 

Commercial Energy Efficiency Program Measures Custom Improvement Project 
Existing or Industry Standard 
Equipment 

Customer 86,000 15.00 n/a n/a 15,240 7,620 10 65% 75% 

Commercial 
Power Purchase Program ‐ Customer 
Generation 

Power Purchase Normal operations / consumption 
six 5‐hour 
events 

162,000 5,400.00 Varies 0 Varies 0.15/kWh 1 100% 100% 

Commercial 
Power Purchase Program ‐ Customer 
Curtailment 

Power Purchase Normal operations / consumption 
six 5‐hour 
events 

9,000 300.00 Varies 0 Varies 0.10/kWh 1 100% 100% 

1. Values in this table reflect weighted averages (or tonnage‐based averages, in the case of HVAC measures) of the detail tables. 

2. Estimates of gross energy and demand savings per year (HVAC savings based on EER, which is the current basis of SEP HVAC measures). 

3. HVAC and heat pump measure costs (to the customer) derived from average LES $ per ton data for 2015. Other measure costs derived from 2013‐2014 LES data. Appliance recycling assumes measure cost equals the incentive. 

4. Baseline A/C and Heat Pump measure cost from 2015 RS Means (subscription service) cost estimates for similar equipment in Lincoln Nebraska. Baseline costs for other installed measures assumes a 15% efficiency 'premium'. 

5. HVAC and heat pump incentives derived using LES incentive formula and full load efficiencies. Incentives for other measures derived using average $ per kWh paid in 2014 program year (kWh derived using SEER). 

6. Measure life refers to the period of time in which the measure is expected to remain functioning (but does not take into account degradation of performance due to aging). 

7. Coincidence factors defines the percent of measure demand savings that can be expected to occur at the timing of LES' summer peak, which is assumed to be at hour‐ending 5 PM. Values are based on industry research and judgment. 

8. Net To Gross refers to the portion of engineering‐based savings that are estimated to be actually experienced, the implied reduction being a function of free ridership and other factors. Values are based on industry research and judgment. 
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Prospective New SEP Measure Parameters 
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Appendix B‐1 
Prospective New SEP Measure Parameters 

Customer Sector 
(MF = Multi‐family) Measure Category Measure Measure Description Baseline Description Unit 

Energy 
Savings 

(kWh/year) 

Demand 
Reduction 

(kW) 
Measure Cost 

($) 

Baseline 
Cost 
($) 

Incremental 
Cost 
($) 

Incentive 
($) 

Unit Admin 
Cost 

($/Unit) 

Measure 
Life 
(yrs.) 

Peak 
Coinc. 
(%) 

Net to 
Gross 
(%) 

Residential Lighting LED Rebate 
High Efficiency LED Fixture 
(point‐of‐sale rebate) 

Existing or End of Life Incandescent 
or Fluorescent 

Lamp (60 watt 
eq.) 

11 0.012 11 3 8 4 $0.21 20 50% 80% 

Residential (MF) Lighting LED Direct Install LED Direct Install Incandescent/Fluorescent 
4 Lamps (60 watt 
eq.) 

44 0.048 44 13 31 31 $4.77 20 50% 100% 

Residential Behavioral 
Comparison 
Report Pilot 

Comparison Report w/ Bill No Comparison Information Customer 210 0.16 0 0 0 0 $10.00 1 38% 100% 

Residential Demand Response 
BYOT Smart 
Thermostat 

AC Load Control (via setback) Standard AC Control Customer 225 1.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 

Residential Demand Response 
Direct Install 
Smart T‐stat 

AC Load Control (via setback) Standard AC Control Customer 225 1.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 

Residential Demand Response AC DLC (Wifi) AC Load Control @50% cycling Standard AC Control Customer 28 1.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 
Residential Demand Response AC DLC (Cell) AC Load Control @50% cycling Standard AC Control Customer 28 1.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 

Residential Pumps HE Pool Pump 
High Efficiency Pool Pump (Variable 
Speed) 

Standard Pool Pump 
(Single Speed) 

Unit (0.75 HP) 597 0.006 750 200 550 150 $10.61 10 #N/A 100% 

Residential HVAC Shade Trees Shade Trees Limited to no Tree Cover Customer 100 0.10 40 0 40 40 $5.30 50 75% 100% 
Residential (MF) HVAC HE HVAC High Efficiency HP (16 SEER; 9 HSPF) Code‐compliant HP (14 SEER; 8.2 HSP Unit (1.5 Tons) 590 0.16 6,000 4,300 1,700 375 $15.91 15 75% 90% 

Residential HVAC 
Smart 
Thermostat 

Smart Thermostats Standard Thermostat Device 197 0.20 100 0 100 25 $15.91 10 #N/A 75% 

Residential HVAC 
HE Furnace 
Blower 

Brushless Permanent Magnet 
(BPM) Furnace Blower Motor 

Standard Motor Fixture 710 0.40 150 0 150 20 $15.91 20 68% 100% 

Residential (MF) Water Heating 
Low Flow 
Faucets 

Low Flow Faucets Standard Fixture Fixture 55 0.04 8 0 8 8 $2.39 20 #N/A 60% 

Residential (MF) Water Heating 
Low Flow 
Showerheads 

Low Flow Showerheads Standard Fixture Fixture 300 0.20 12 0 12 12 $3.18 20 #N/A 60% 

Residential (MF) HVAC 
House Sealing 
(MF) 

Air Sealing/Window Film‐Barrier Minimum sealing Customer 202 0 930 0 930 300 $14.00 35 100% 70% 

Commercial 
Refrigeration 
Retrofits 

Automatic Door 
Closer 

auto door closer for walk‐in 
cooler/freezer 

walk in with no auto closer cooler/freezer 1,625 0.22 $ 157 0 $ 157 $ 75 $15.91 8 100% 75% 

Commercial 
Refrigeration 
Retrofits 

Anti‐Sweat 
Heater Control 

humidity or conductivity sensing 
door heater controls for 
cooler/freezer 

standard heated door on glass door 
unit 

door 909 0.10 $ 250 0 $ 250 $ 50 $15.91 12 100% 75% 

Commercial 
Refrigeration 
Retrofits 

ECM Motor 
Electronically Commutated Motors 
on evap fan or fan coil 

Shaded pole motor motor 401 0.04 $ 50 0 $ 50  $ 25 $15.91 15 100% 75% 

Commercial 
Refrigeration 
Retrofits 

Strip Curtain strip curtain for walk ins ineffective or no strip curtain cooler/freezer 1,698 0.20 $ 286 0 $ 286 $ 75 $15.91 6 100% 75% 

Commercial 
Refrigeration 
Retrofits 

Evaporator Fan 
Control 

Evaporator Fan Control on motor uncontrolled evaporator fan motor 481 0.06 $ 291 0 $ 291 $ 50 $15.91 16 100% 75% 

Commercial 
Refrigeration 
Optimization 

Floating Head 
Pressure Control 

Floating Head Pressure Control on 
single compressor refrigeration 
system with min. SCT <=70 degrees 
F 

No FHPC‐‐condensing set point 90 
degrees F 

compressor hp 557 0.00 $ 246 0 $ 246 $ 50 $15.91 15 100% 75% 

Commercial 
Refrigeration 
Optimization 

Defrost Control 
Evaporator coil defrost control ‐
small walk in cooler/freezer 

No defrost control evaporator fan 195 0.40 $ 291 $ ‐ $ 291 $ 20 $15.91 10 100% 75% 

Commercial 
Refrigeration 
Optimization 

Variable Speed 
Compressor 
Control 

Variable Speed compressor control compressor with slide valve control compressor hp 755 0.10 $ 200 $ ‐ $ 200 $ 75 $15.91 15 100% 75% 

Commercial 
High Efficiency Pool 
Pumps 

Var. Speed Pool 
Pump 

Variable Speed pool pump 3 hp or 
less 

single speed pool pump 3 hp or less pump 5,586 0.36 $ 1,650 $ 700.00 $ 950 $ 475 $63.64 10 100% 75% 

Commercial Low Flow Faucets 
Low Flow 
Faucets 

bathroom faucet aerator 0.5 GPM 
or less with electric water heat 

standard flow faucet aerator 1,059 0.12 $ 3 $ ‐ $ 3 $ 3 10 

Commercial Low Flow Faucets 
Low Flow 
Faucets 

kitchen faucet aerator 1.5 GPM or 
less w/electric water heat 

standard flow faucet aerator 183 0.02 $ 5 $ ‐ $ 5 $ 5 10 

Commercial Low Flow Fixture 
Pre Rinse 
Sprayer 

1.06 gpm sprayer on commercial 
kitchen dishwashing faucet with 
electric water heater 

1.9 gpm standard sprayer nozzle 499 1.07 $ 100 $ ‐ $ 100 $ 50 5 



 
       

   

         

 

 

 

     

   

 

   

 

 

 

 

 

   

 

   
   

     
 

 
   

 
                                                                            

   
   

 
   

 

       
       
 

           
               
       
             
           
     

                                                                               

 
 

 
         

               
                                                                  

 
 

 
         

       
 

     
                                                               

 
 

 
         

             
                                                                  

 
   

                                           

 
   
 

                                           

                                                 
                                                 

     
       
       

   

             
                                                                            

Appendix B‐1 
Prospective New SEP Measure Parameters 

Customer Sector 
(MF = Multi‐family) Measure Category Measure Measure Description Baseline Description Unit 

Energy 
Savings 

(kWh/year) 

Demand 
Reduction 

(kW) 
Measure Cost 

($) 

Baseline 
Cost 
($) 

Incremental 
Cost Incentive 
($) ($) 

Unit Admin 
Cost 

($/Unit) 

Measure Peak 
Life Coinc. 
(yrs.) (%) 

Net to 
Gross 
(%) 

Commercial 

High Efficiency 
Ventilation Fans 
(High Volume Low 
Speed‐‐ag/industrial) 

High Volume‐
Low Speed 
Ventilation Fan 

ceiling mount 20‐24' diam w/VFD EOL non‐HVLS fan fan 8,379 3.07 $ ‐ $ ‐ $ 4,185 $ 1,000 10 see note 

Commercial 

High Efficiency 
Ventilation Fans 
(High Speed)‐‐
ag/industrial 

High Speed 
Ventilation Fans 

high speed exhaust, ventilation, 
circulation fan w/diffuser and 
minimum cfm/W 
exhaust/vent fans: 14 cfm/W at 24 
thru 35 in.; 17.1 cfm/W at 36‐47 in.; 
20.3 cfm/W at 48‐71 in. 
Circ fans: 12.5 lb‐f/kW at 24‐35 in.; 
18.2 lb‐f/kW at 36‐47 in,; 23.0 lb‐
f/kW at 48‐71 in. 

EOL equivalent fan fan 706 0.22 $ ‐ $ ‐ $ 150 $ 70 7 see  note 

Commercial 
Commercial 
Ventilation Systems 

Demand 
Controlled 
Ventilation 

CO2 sensor on return fan 
uncontrolled return fan with heat 
pump 

1000 sq ft 
controlled 

947 0.00 $ 1,500 $ ‐ $ 1,500 $ 50 10 N/A 

Commercial 
Commercial 
Ventilation Systems 

Demand 
Controlled 
Ventilation 

CO2 sensor on return fan 
uncontrolled return fan with 
resistance heat 

1000 sq ft 
controlled 

1,890 0.00 $ 1,500 $ ‐ $ 1,500 $ 50 10 N/A 

Commercial 
Commercial 
Ventilation Systems 

Demand 
Controlled 
Ventilation 

CO2 sensor on return fan 
uncontrolled return fan, cooling 
only 

1000 sq ft 
controlled 

475 0.00 $ 1,500 $ ‐ $ 1,500 $ 50 10 N/A 

Commercial Demand Response 
BYOT Smart 
Thermostat 

AC Load Control (via setback) Standard AC Control Customer 564 5.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 

Commercial Demand Response 
Direct Install 
Smart T‐stat 

AC Load Control (via setback) Standard AC Control Customer 564 5.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 

Commercial Demand Response AC DLC (Wifi) AC Load Control @50% cycling Standard AC Control Customer 142 5.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 
Commercial Demand Response AC DLC (Cell) AC Load Control @50% cycling Standard AC Control Customer 142 5.00 See Tbl B‐2 0 See Tbl B‐2 See  Tbl B‐2  See  Tbl B‐2 10 100% 100% 

Commercial Awnings 
Shade Screen or 
Device 

exterior shade screen with 
minimum 0.30 shading coefficient 
or 0.26 SHGC 

south, west or east window with no 
screen 

60 square feet 31 0.120 $ 180 $ ‐ $ 180 $ 120 $15.91 10 100% 75% 



 
                 

                     

             

 
   

 

     
   

 

     
   

 

     
   

 

             

 
   

 

     
   

 

     
   

 

     
   

 

Appendix B‐2 

AC Load Control Program Cost Projections ($/unit controlled; 2016 $) 

Measure Description Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 

Residential Segment (1 kW Expected Impact per Participant) 
BYOT Cost 

Admin Cost ‐ Installation basis 0 0 0 0 0 0 0 0 0 0 
Incentive ‐ Install 35 35 35 35 35 35 35 35 35 35 
Admin Cost ‐ Ongoing 58 32 28 24 24 24 23 23 23 23 
Incentive ‐ Ongoing 35 35 35 35 35 35 35 35 35 35 

Direct Install Wifi T‐stat 
Admin Cost ‐ Installation basis 300 300 300 300 300 300 300 300 300 300 
Incentive ‐ Install 0 0 0 0 0 0 0 0 0 0 
Admin Cost ‐ Ongoing 58 32 28 24 24 24 23 23 23 23 
Incentive ‐ Ongoing 35 35 35 35 35 35 35 35 35 35 

Direct Install Wifi Switch 
Admin Cost ‐ Installation basis 348 348 348 348 348 348 348 348 348 348 
Incentive ‐ Install 35 35 35 35 35 35 35 35 35 35 
Admin Cost ‐ Ongoing 58 32 28 24 24 24 23 23 23 23 
Incentive ‐ Ongoing 35 35 35 35 35 35 35 35 35 35 

Direct Install Cell Switch 
Admin Cost ‐ Installation basis 378 378 378 378 378 378 378 378 378 378 
Incentive ‐ Install 35 35 35 35 35 35 35 35 35 35 
Admin Cost ‐ Ongoing 68 42 38 34 34 34 33 33 33 33 
Incentive ‐ Ongoing 35 35 35 35 35 35 35 35 35 35 

Commercial Segment (5 kW Expected Impact per Participant) 
BYOT Cost 

Admin Cost ‐ Installation basis 76 76 76 76 76 76 76 76 76 76 
Incentive ‐ Install 100 100 100 100 100 100 100 100 100 100 
Admin Cost ‐ Ongoing 496 107 78 56 56 56 51 51 51 51 
Incentive ‐ Ongoing 100 100 100 100 100 100 100 100 100 100 

Direct Install Wifi T‐stat 
Admin Cost ‐ Installation basis 513 513 513 513 513 513 513 513 513 513 
Incentive ‐ Install 0 0 0 0 0 0 0 0 0 0 
Admin Cost ‐ Ongoing 496 107 78 56 56 56 51 51 51 51 
Incentive ‐ Ongoing 100 100 100 100 100 100 100 100 100 100 

Direct Install Wifi Switch 
Admin Cost ‐ Installation basis 551 551 551 551 551 551 551 551 551 551 
Incentive ‐ Install 35 35 35 35 35 35 35 35 35 35 
Admin Cost ‐ Ongoing 496 107 78 56 56 56 51 51 51 51 
Incentive ‐ Ongoing 100 100 100 100 100 100 100 100 100 100 

Direct Install Cell Switch 
Admin Cost ‐ Installation basis 581 581 581 581 581 581 581 581 581 581 
Incentive ‐ Install 50 50 50 50 50 50 50 50 50 50 
Admin Cost ‐ Ongoing 506 117 88 66 66 66 61 61 61 61 
Incentive ‐ Ongoing 100 100 100 100 100 100 100 100 100 100 



 



 

   

 
 

Appendix C 
Prospective New SEP Measure Adoption Projections 

LES Sustainable Energy Program Review 





 
           

 

                     

 
   

   
 
   
   

 
 

   
   
   

 
   

   
 

     
     

 
     

   

   
     

   
   

   
     

   
   

   
 
     

 
     

 
     

 
     

 
 

     

 
     

   
   
     

Appendix C‐1 
Adoption Projections for Potential Additional SEP Measures 

Measure 
No. Measure Description Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 

1 LED Rebate 9,677 9,795 9,914 10,036 10,151 10,262 10,375 10,487 10,591 10,697 
LED Direct Install 680 688 697 705 713 721 729 737 744 752 

2 Comparison Report Pilot 10,000 10,000 10,000 0 0 0 0 0 0 0 
3 Refrigeration Retrofits 

Automatic Door Closer 31 32 32 32 32 32 33 33 33 33 
Anti‐Sweat Heater Control 165 166 168 169 170 170 171 172 173 173 
ECM Motor 165 166 168 169 170 170 171 172 173 173 
Strip Curtain 31 32 32 32 32 32 33 33 33 33 
Evaporator Fan Control 83 83 84 84 85 85 86 86 86 87 

4 HE Heat Pump 27 27 27 28 28 28 28 28 28 29 
5 Low Flow Faucets 

Residential 683 691 700 708 716 724 732 740 748 755 
Commercial 

Aerator 8 8 8 8 8 8 8 8 8 8 
Prerinse Sprayer 165 166 168 169 170 170 171 172 173 173 

6 Low Flow Showerheads 512 518 525 531 537 543 549 555 561 566 
7 HE Furnace Blower 75 76 77 78 78 78 79 80 79 80 
8 Smart Thermostat 643 651 659 667 675 682 690 697 704 711 
9 High Efficiency Ventilation Fans 

High Volume‐Low Speed 
Ventilation Fan 

1 1 1 1 1 1 1 1 1 1 

High Speed Ventilation Fans 1 1 1 1 1 1 1 1 1 1 
10 AC Load Control 

Residential 
BYOT Smart Thermostat 1,000 1,000 1,000 0 0 0 0 0 0 0 
Direct Install Smart T‐stat 2,500 2,500 2,500 0 0 0 0 0 0 0 
AC DLC (Wifi) 500 500 500 0 0 0 0 0 0 0 
AC DLC (Cell) 1,000 1,000 1,000 0 0 0 0 0 0 0 

Commercial 
BYOT Smart Thermostat 50 50 50 0 0 0 0 0 0 0 
Direct Install Smart T‐stat 125 125 125 0 0 0 0 0 0 0 
AC DLC (Wifi) 25 25 25 0 0 0 0 0 0 0 
AC DLC (Cell) 50 50 50 0 0 0 0 0 0 0 

11 House Sealing (MF) 341 346 350 354 358 362 366 370 374 377 
12 Shade Trees 870 880 891 902 912 922 932 942 952 961 
13 Shade Screen or Device 39 39 40 40 40 40 40 41 41 41 
14 Ventilation Systems 

Demand‐controlled Ventilation (w/ 
Heat Pump) 

96 97 98 98 99 99 100 100 101 101 

Demand‐controlled Ventilation (w/ 
electric furnace) 

96 97 98 98 99 99 100 100 101 101 

Demand‐controlled Ventilation (w/ 
AC only) 

839 845 850 856 861 865 869 874 877 880 

15 Refrigeration Optimization 

Floating Head Pressure Control 165 166 168 169 170 170 171 172 173 173 

Defrost Control 8 8 8 8 8 8 8 8 8 8 
Variable Speed Compressor 
Control 

165 166 168 169 170 170 171 172 173 173 

16 Efficienct Pool Pump 
Res ‐ HE Pool Pump 6 6 6 6 6 6 6 6 6 6 
Com ‐ Var. Speed Pool Pump 1 1 1 1 1 1 1 1 1 1 
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ABSTRACT 

Lincoln Electric System (LES) conducted a residential demand response (DR) pilot over the 
summers of 2015 and 2016 involving approximately 400 customers. The customers received 
their choice of either a free Wi-Fi thermostat or a two-way communicating air conditioning (AC) 
load control switch. Nine demand response events were called over the summer of 2015, and 17 
over the summer of 2016. 

This report presents the demand response impacts, which were measured using AC-level 
consumption estimates derived from the thermostat- and switch-generated data. It also discusses 
the learnings that resulted from this pilot related to customer reactions, technology infrastructure 
and operability issues, and considerations for a full-scale program. 
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EXECUTIVE SUMMARY 

Lincoln Electric System (LES), which serves Lincoln, Nebraska, conducted a residential demand 
response pilot over the summers of 2015 and 2016 involving approximately 400 customers.  The 
customers received their choice of either a free Wi-Fi smart thermostat or a two-way-
communicating air conditioning (AC) load control switch, and their devices were installed free 
of charge by Lincoln-area contractors. 

Nine demand response events were called over the summer of 2015, and 17 over the summer of 
2016. Events were generally conducted from 3:00 to 6:00 p.m. During this time, customer that 
chose the Wi-Fi thermostats either had their AC units cycled using a 15/15 strategy, their 
thermostat set points increased by 3°F, or their thermostat set points decreased by 3°F during a 
precooling period, followed by the 3°F increase. The customers that chose the AC switch had 
their AC cycled during events using either a 15/15 or a 22.5/7.5 strategy.1 

The results have provided several learnings relating to demand impacts measured using AC-level 
consumption estimates, customer reactions, technology infrastructure and operability, and 
considerations for a full-scale program. It should be noted, however, that the results presented 
here reflect the specific circumstances observed in the LES pilot. That is, they are for customers 
living in LES’s service territory (with its specific climate characteristics), who volunteered to be 
a part of the pilot, who live in single family homes, etc. The results may not be indicative of 
other climatic conditions or customer circumstances. 

Demand Impacts 

For the thermostat customers, the set point offset control strategies resulted in AC-level demand 
savings ranging from 1.20 to 1.22 kW (63 to 68% of AC-level baseload), without and with 
precooling, respectively (Table ES-1).  These offset strategies outperformed the 15/15 cycling 
strategy, which resulted in 0.37 kW savings (22%).  Precooling appeared to be effective in that 
event demand savings were greater compared to the offset strategy, snapback after the event was 
reduced, and the overall net energy consumption was similar. 

For the switch customers that had their AC units cycled, impacts ranged from 0.49 to 0.53 kW 
(34 to 42%) for 15/15 and 22.5/7.5 cycling, respectively.  While these impacts are larger than 
those for the thermostat customers that experienced the 15/15 cycling strategy, they are still 
lower than expected.  More likely, the offset strategy does a better job of reducing load 
consistently across all customers’ AC units, including those that may not be running very much 
to begin with because they are oversized.  While “adaptive cycling” switch technology exists that 
can account for this “free-ridership,” the pilot switches did not have this capability. 

1 In the 15/15 strategy, ACs were cycled off for 15 minutes, followed by a 15-minute period where they were 
allowed to run as needed, whereas in the 22.5/7.5 strategy, ACs were cycled off for 22.5 minutes, followed by a 7.5-
minute period where they were allowed to run as needed. 
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Table ES-1 
Impacts results summary 

Event 
Control 
Strategy 

All Events Events with Tmax ≥ 95°F 

Num 
of 

Events 

Ave 
Max 
Temp 
( ° F) 

AC-level Load Impacts per Customer 
kW (%) 

Net AC Energy 
Impacts, kWh (%) 

Num 
of 

Events 

Ave 
Max 
Temp 
( ° F) 

AC-level Load Impacts per Customer 
kW (%) 

Net AC Energy 
Impacts, kWh (%) 

Precool 
1-3pm 

Event 
3-6pm 

Snapback 
6-8pm 

Snapback 
8pm-12am 

3pm-
12am/ 
1pm-
12am* 

Daily 
Precool 
1-3pm 

Event 
3-6pm 

Snapback 
6-8pm 

Snapback 
8pm-12am 

3pm-
12am/ 
1pm-
12am* 

Daily 

Thermostats 

15m off/ 
15m on 

5 91 N/A 
-0.37 

(-22%) 

+0.26 

(+14%) 

+0.27 

(+19%) 

+0.49 

(+3%) 

+1.78 

(+7%) 
No events were conducted on days with Tmax ≥ 95°F 

offset 
+3°F 

6 91 N/A 
-1.02 

(-63%) 

+0.50 

(+30%) 

+0.39 

(+35%) 

-0.50 

(-4%) 

-0.41 
NS 

(-2%) 

3 95 N/A 
-1.10 

(-59%) 

+0.45 

(+24%) 

+0.49 

(+39%) 

-0.45 

(-3%) 

-0.08 

(-0%) 

precool -
3°F/ 
offset 
+3°F 

12 93 
+0.78 

(+65%) 

-1.22 

(-68%) 

+0.26 

(+14%) 

+0.24 

(+16%) 

-0.64* 

(-4%) 

-0.22 
NS 

(-1%) 

4 99 
+0.77 

(+53%) 

-1.35 

(-62%) 

+0.24 

(+10%) 

+0.31 

(+18%) 

-0.76* 

(-4%) 

+0.01 

(+0%) 

Switches 

15m off/ 
15m on 

10 95 N/A 
-0.49 

(-34%) 

+0.29 

(+20%) 

+0.16 

(+15%) 

-0.26 
NS 

(-2%) 

+0.22 
NS 

(+1%) 

5 98 N/A 
-0.59 

(-36%) 

+0.30 

(+18%) 

+0.22 

(+18%) 

-0.30 

(-2%) 

+0.56 

(+3%) 

22.5m off/ 
7.5m on 

7 92 N/A 
-0.53 

(-42%) 

+0.31 

(+24%) 

+0.18 

(+20%) 

-0.23 
NS 

(-2%) 

+0.32 
NS 

(+2%) 

2 96 N/A 
-0.53 

(-39%) 

+0.36 

(+27%) 

+0.28 

(+34%) 

+0.26 

(+3%) 

+1.18 

(+7%) 

Notes: 

All kW and net kWh impacts are significant at the 95% level unless listed as NS (not significant). 

*This value is net kWh for 1:00 pm-12:00 am, which includes the precool energy impact (the rest of column is 3:00 pm-12:00 am). 

viii 



 

 

   
    

 

 

  
   

   
  

      

 
  

   

    

 

 

 
 

      

  
 

   

   
  

    
 

   
  

For each control strategy, a snapback period exists where demand increases relative to the base 
load after the events end.  This period lasts consistently between 6:00 p.m. and midnight for all 
event control strategies. The snapback effect increases with increased event load impacts, except 
when events are preceded by precooling, which appears to diminish the snapback effect. 

Customer Reactions 

Approximately 2% of the customers that were provided the pilot offer enrolled and had a device 
successfully installed.  Most customers chose the thermostat over the switch.  This 2% was lower 
than expected given that a neighboring utility had a response rate for their switch program in the 
12-15% range.  The low response rate may have been in part due to some initial call center 
capacity constraints, although this compares reasonably well with other similar pilots. 

When those participating were surveyed about their experiences with the program, customers 
were generally happy (Figure ES-1).  When asked about events, approximately two-thirds of the 
thermostat survey respondents and 5% of the switch survey respondents said their comfort was 
affected by events at least some of the time.  Although most thermostat events in 2016 involved 
precooling, only about a quarter of thermostat customers reported noticing any precooling.  For 
those who felt their comfort was sometimes affected, the majority said the issue was that it got 
too hot.  

Figure ES-1 
Overall satisfaction with the program, 2016 results (with 2015 for comparison) 

When asked about their experiences with Wi-Fi connectivity, just over a third of thermostat 
customers said they had experienced their thermostats becoming disconnected, and of those, just 
under half experienced disconnection at least a few times a month.  

A connectivity analysis using data from the demand response management system (DRMS) 
suggests that customer attrition due to internet connectivity loss between 2015 and 2016 was 
approximately 7%.  This figure includes an effort before the 2016 cycling season to reach out to 
customers whose thermostats had gone offline. 

Findings from an opt-out analysis of thermostat customers suggest that more customers opted out 
during offset and precool events (10 to 12% and 9 to 10%, respectively) compared to during 
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15/15 cycling events (approximately 1%).  Given the lower demand impacts with the thermostat 
cycling strategies, it stands to reason that these events were not as noticeable to customers. 

Technology Infrastructure and Operability 

There were several learnings from a technology infrastructure perspective. In short, it is still 
early days for many new two-way communicating technologies, and this can manifest itself 
through technology and communications infrastructure that does not quite work as intended.  

Using devices that rely on customer Wi-Fi networks meant that there was a need for call center 
support to encourage customers to reconnect if they had been offline for some time.  It also 
meant that call center and field support staff needed expertise relating to customer Wi-Fi 
networks, which has traditionally not been required of field support staff. 

A key pilot objective was to have the single DRMS operate all the load control devices—that is, 
the Wi-Fi thermostats, the cellular AC switches and the Wi-Fi AC switches (the majority of 
switches were cellular; a limited number of Wi-Fi switches were included for testing purposes). 
The thermostats were operated by the DRMS, although initial configuration issues led to 
deployment delays.  The cellular switches, however, were never able to be integrated.  The Wi-Fi 
switches were also never integrated, although internet connectivity issues ultimately led to their 
replacement with cellular switches, anyway.  

Overall, there will always be learning periods with new technologies, and the generally positive 
demand impacts and customer reactions likely warrant weathering some of these inevitabilities. 
What is important is to anticipate them in budgets and timelines, and to proceed accordingly. 
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AC air conditioning 

AMI advanced metering infrastructure 

AMR automatic metering reading 

BYOD Bring Your Own Device 

CFM cubic feet per minute 

CSR customer service representative 

DI direct install 

DR demand response 

DRMS demand response management system 

EE energy efficiency 

HVAC heating, ventilation and air conditioning 

kWh kilowatt hours 

LES Lincoln Electric System 

LME linear mixed effect 

OLS ordinary least squares 

RCT randomized controlled trial 

RFI Request for Information 

RFP Request for Proposal 

SEER Seasonal Energy Efficiency Rating 

Tmax maximum temperature 

xi 





 

 

 

   

   

   

   

   

 

  

  

  

  

  

   

   

    

   

  

  

  

    

  

  

   

   

   

  

CONTENTS 

ABSTRACT ............................................................................................................................... V 

EXECUTIVE SUMMARY ......................................................................................................... VII 

1 INTRODUCTION ..................................................................................................................1-1 

2 LINCOLN ELECTRIC SYSTEM’S DEMAND RESPONSE PILOT ........................................2-3 
Pilot Overview .....................................................................................................................2-3 

Pilot Objectives....................................................................................................................2-4 

Customer Sample Frame ....................................................................................................2-5 

Recruitment.........................................................................................................................2-5 

Pilot Sample Size ................................................................................................................2-6 

Pilot Customer Characteristics ............................................................................................2-7 

Demand Response Events..................................................................................................2-8 

Customer Surveys.............................................................................................................2-12 

Pilot Design Structure........................................................................................................2-12 

Experiences from Pilot Implementation .............................................................................2-14 

3 ANALYSIS METHODS .........................................................................................................3-1 
Quasi-experimental Impacts Estimate Model.......................................................................3-1 

Estimating AC Load from Devices .......................................................................................3-2 

Limitations of Estimating Impacts Using AC-level Load Data...............................................3-5 

4 IMPACT ANALYSIS RESULTS............................................................................................4-1 
Comments on Model Fit ......................................................................................................4-9 

Temperature Effects............................................................................................................4-9 

Offset versus Cycling Control Strategies ...........................................................................4-10 

Precooling .........................................................................................................................4-10 

Snapback ..........................................................................................................................4-11 

Experimental Results.........................................................................................................4-12 

xiii 



 

 

 

   

   

  

   

  

    

  

    

   

    

   

    

    

     

    

   

      

     

   

   

    

     

    

      

    

    

     

Opt-Out and Offline Analysis .............................................................................................4-12 

5 EVENT VERIFICATION USING DEVICE-LEVEL DATA ......................................................5-1 
20/10 versus 10/20 Cycling (Switch Customers)..................................................................5-1 

Saw Tooth Cycling (Switch Customers)...............................................................................5-2 

Issues with the First Precooling Event .................................................................................5-3 

6 INSIGHTS FROM PILOT CUSTOMERS...............................................................................6-1 
Customer Feedback Regarding Events ...............................................................................6-1 

Customer Perceptions about the Smart Thermostat ............................................................6-3 

Feedback on the Program Overall .......................................................................................6-8 

7 SUMMING UP AND MOVING FORWARD ...........................................................................7-1 
Recommendations Going Forward ......................................................................................7-3 

A DIRECT MAIL RECRUITMENT LETTER............................................................................A-1 

B CUSTOMER SURVEY INSTRUMENTS..............................................................................B-1 

C THE NAMEPLATE METHOD FOR ESTIMATING HVAC LOAD.........................................C-1 
When Customer HVAC Details are Known .........................................................................C-1 

When Customer HVAC Details are Not Known...................................................................C-2 

Performance Curve: Rated kW for a Given Outside Air Temperature .................................C-5 

Estimating Performance Curves for Missing Datasheets ....................................................C-6 

Adjustment Factor Based on Amp Logger Field Study........................................................C-7 

Estimating Indoor Fan Power .............................................................................................C-9 

Limitations of the Nameplate Method .................................................................................C-9 

D RATIONALE FOR INDOOR FAN BEHAVIOR OF SWITCH CUSTOMERS........................D-1 

E MODEL PARAMETER ESTIMATES ................................................................................... E-1 

F EVENTS EXCLUDED FROM THE IMPACT ANALYSIS ..................................................... F-1 

G THERMOSTAT IMPACTS PER EVENT (QUASI-EXPERIMENTAL) ..................................G-1 

H SWITCH IMPACTS PER EVENT  (QUASI-EXPERIMENTAL) ............................................H-1 

I AC DUTY CYCLING ANALYSIS (2015) ................................................................................ I-1 

xiv 



 

 

 

    

 

 

 

 

 

J EXPERIMENTAL ANALYSIS RESULTS..............................................................................J-1 

xv 





 

 

 

   
  
  

  
   

   
   

    
   

  
 

  
   
      

   
    

   
  

   
    

    
      

      
 

   
  

  

  
    

      
  

    
    

    

LIST OF FIGURES 

Figure 2-1 LES pilot marketing, enrollment, and installation.....................................................2-6 

Figure 2-2 Education levels......................................................................................................2-7 

Figure 2-3 Household income ..................................................................................................2-8 

Figure 2-4 Household size .......................................................................................................2-8 

Figure 2-5 LES pilot design structure: hybrid experimental and quasi-experimental...............2-14 

Figure 3-1 Quasi-experimental load impact model specification...............................................3-1 

Figure 3-2 Overview of the Nameplate Method ........................................................................3-3 

Figure 4-1 Thermostat average AC-level load impacts by control strategy (all events): 
15/15 cycling (top), +3°F offset (middle), -3°F precooling preceding +3°F Offset 
(bottom)............................................................................................................................4-5 

Figure 4-2 Switch average AC-level load impacts by control strategy (all events): 15/15 
cycling (top), 22.5/7.5 cycling (bottom) .............................................................................4-6 

Figure 4-3 Thermostat average AC-level load impacts by control strategy (events with 
Tmax ≥ 95°F): +3°F offset (top), -3°F precooling preceding +3°F offset (bottom)................4-7 

Figure 4-4 Switch average AC-level load impacts by control strategy (events with Tmax ≥ 
95°F): 15/15 cycling (top), 22.5/7.5 cycling (bottom).........................................................4-8 

Figure 4-6 Customer connectivity for Event 22 (08/18/2016)..................................................4-15 

Figure 4-7 Summary of 2015 and 2016 opt-out and offline reports for thermostat 
customers.......................................................................................................................4-18 

Figure 4-8 Customer opt-out tracking during 2015 and 2016 events, .....................................4-20 

Figure 4-9 Number of customer opt-outs by year ...................................................................4-21 

Figure 4-10 Linear regression plots: opt-out rate vs. max temperature...................................4-22 

Figure 4-11 Customer offline tracking by control strategy for 2015 and 2016 seasons...........4-24 

Figure 4-12 Number of events in which customers were offline (at any time during 
event), 2015 and 2016....................................................................................................4-25 

Figure 5-1 Compressors coming back on sooner in each 30-minute period for 10/20 vs. 
15/15 events.....................................................................................................................5-1 

Figure 5-2 Switch cycling load shape using five-minute data (left) and one-hour data 
(right)................................................................................................................................5-2 

Figure 5-3 15/15 switch cycling without (top) and with (bottom) event start randomization.......5-3 

Figure 5-4 Thermostat set point heat map for first precooling event day (Event 4, August 
7, 2015)............................................................................................................................5-4 

Figure 5-5 Thermostat set point heat map for Event 5 (August 13, 2015).................................5-5 

Figure 5-6 Thermostat set point heat map for Event 7 (August 21, 2015).................................5-5 

Figure 5-7 Thermostat set point heat map for Event 8 (September 2, 2015) ............................5-5 

xvii 



 

 

 

   
      

  
    

 
  

  
  

   
   

    
    

   
  

  
  

  
 

 

 

Figure 6-1 Recall of frequency of events ..................................................................................6-2 

Figure 6-2 Whether comfort was affected during events (results only for those home for 
at least some events) .......................................................................................................6-2 

Figure 6-3 How comfort was affected for thermostat customers (N=64) ...................................6-3 

Figure 6-4 Overall satisfaction with the thermostat/likelihood to recommend to others 
(N=104) ............................................................................................................................6-3 

Figure 6-5 Satisfaction with the thermostat interfaces ..............................................................6-4 

Figure 6-6 How often customers interact with thermostat and where (N=105)..........................6-5 

Figure 6-7 Smart thermostat compared to previous thermostats (N=104) ................................6-5 

Figure 6-8 Where did you notice the pre-notification message? (N=48) ...................................6-6 

Figure 6-9 Problems with thermostat becoming disconnected from Wi-Fi (N=105)...................6-6 

Figure 6-10 Frequency of Wi-Fi connectivity problems (N=39) .................................................6-7 

Figure 6-11 Ease of reconnecting the thermostat to Wi-Fi after connectivity problems 
(N=39) ..............................................................................................................................6-7 

Figure 6-12 Change in thermostat programming behavior .......................................................6-8 

Figure 6-13 Overall satisfaction with the program ....................................................................6-9 

Figure 6-14 Suggested program improvements .......................................................................6-9 

xviii 



 

 

   

   
   

   
  
   

   
  

    
  

  
   

   
   

    
     
    

    
 

  
 

 

  

 

LIST OF TABLES 

Table 2-1 LES pilot timeline .....................................................................................................2-4 

Table 2-2 Pilot customer sample requirements ........................................................................2-5 

Table 2-3 Pilot sample size (excluding LES employees) ..........................................................2-7 

Table 2-4 2015 demand response events ................................................................................2-9 

Table 2-5 2016 demand response events ..............................................................................2-10 

Table 4-1 Summary of average AC-level impacts (quasi-experimental) ...................................4-2 

Table 4-2 Average AC-level impacts by hour-starting (all events) (quasi-experimental) ...........4-3 

Table 4-3 Average AC-level impacts by hour-starting (events with Tmax ≥ 95°F) (quasi-
experimental) ...................................................................................................................4-4 

Table 4-4 Summary of 2015 and 2016 opt-out and offline reports for thermostat 
customers.......................................................................................................................4-16 

Table 4-5 Summary of 2015 and 2016 opt-out and offline results by control strategy.............4-18 

Table 4-6 Opt-out analysis by year and event control strategy ...............................................4-19 

Table 4-7 Investigation into 2015 and 2016 precooling events ...............................................4-19 

Table 4-8 Investigating attrition caused by events called on consecutive days.......................4-21 

Table 4-9 Offline analysis for 2015 and 2016, thermostat customers .....................................4-23 

Table 4-10 Customer offline analysis by DR Season, thermostat customers..........................4-23 

Table 5-1 Switch impacts summary including unintended 10/20 strategy (quasi-
experimental) ...................................................................................................................5-2 

xix 





 

 

  
 

   
 

 

    
  

   
    

       

 
 

   
 

   
   

 
 

   
 

    
  

 
 

       
  

    
 

 

                                                 
   

   
   

 

1 
INTRODUCTION 

As one-way demand response technologies sunset and customer demand for connected devices 
continues to grow, there is great industry interest in better understanding the potential benefits of 
connected two-way technologies. 

From a customer perspective, what is the appetite for device-based program offerings and how 
might such programs drive satisfaction?  From a load resource perspective, how can connected 
devices be used to shape system loads, and what are the reliability implications of using the 
communications networks of customers?  From an infrastructure perspective, can disparate 
connected device technologies be controlled via a single platform? 

These are some of the questions that led Lincoln Electric System (LES) to conduct a pilot to 
evaluate different residential demand response technologies.  LES was seeking first-hand 
experience to understand the resources and systems that would be needed to offer their customers 
a first-rate program. 

LES is a municipal utility that provides electricity to approximately 135,000 residential, 
commercial, and industrial customers in and around Lincoln, Nebraska.  They began 
investigating residential demand response program options in the early 2010s.2 Residential 
energy efficiency programs had been in place for some time, and while there were no immediate 
capacity constraints, LES was interested in understanding the potential of smart thermostats and 
AC load control switches to meet board-adopted sustainability targets, to defer longer-term 
planned generation, to help shape system loads, and to engage with customers.  Today, LES is 
interested in the potential of smart thermostats as energy efficiency measures as well. 

Overall, the general objectives of the LES pilot were to understand impacts on demand, customer 
engagement and satisfaction, as well as to understand the program administration experiences.  
Another key objective was to demonstrate a demand response management system (DRMS) that 
could manage multiple devices. 

LES chose to pilot a Wi-Fi thermostat provided by a technology product provider (“the product 
provider”), an AC load control switch that communicated via cellular networks, as well as a Wi-
Fi-communicating switch. The product provider also provided the DRMS.  Approximately 400 
residential customers participated in the pilot, and 26 demand response events were conducted 
over the summers of 2015 and 2016. 

2 LES also has even earlier experience with residential demand response.  An air conditioner load management pilot 
was conducted in the early 1980s with approximately 500 customers who had their outdoor compressors cycled via 
FM-communicating load control switches.  See Lincoln Electric System Air Conditioner Load Management Pilot 
Project. LES, Lincoln, NE: 1984. Report R850562. 
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Introduction 

This report presents the findings from the pilot and a discussion of their implications.  It begins 
with an overview of the pilot (Section 2), including its specific objectives and design, the details 
of the recruitment and installation processes, and a description of the demand response events. 

Section 3 describes the analysis approaches used, including a description of how the device-level 
data were used to estimate the AC-level load impacts, a new approach that makes this pilot’s 
analysis somewhat unique. 

Section 4 reports the demand impact results for the thermostat and switch customer groups, and 
includes a discussion of temperature effects, event control strategies, and the effects of 
precooling and snapback (that is, the load increase after an event ends).  Section 5 describes 
some of the ways that the detailed device-level data were beneficial in verifying whether events 
were conducted as intended, and Section 6 presents the key findings from the customer surveys 
regarding program satisfaction and device interaction.  Section 7 summarizes the report, provides 
recommendations based on the pilot learnings and experiences. 
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2 
LINCOLN ELECTRIC SYSTEM’S DEMAND RESPONSE 
PILOT 

Pilot Overview 

LES conducted their pilot to understand how smart thermostats and air conditioning (AC) load 
control switches could be used to bring about residential load reduction during the summer 
season. Key areas of interest included understanding the load impacts attributable to DR events 
conducted via the thermostats and switches; understanding the resulting customer experience; 
evaluating a DRMS that could manage different types of load control devices; and obtaining 
insight into the systems, resources, and business practices that would be required for a full-scale 
program. 

Single-family residential customers were recruited through a direct mail marketing campaign 
between February and May 2015 (see timeline in Table 2-1).  They were offered a choice of 
either: 1) the Wi-Fi thermostat (which includes an online portal and smart phone application), or 
2) the AC switch (which connects to a customer’s outdoor compressor unit) along with a $35 gift 
card. The majority of switches communicated via a cellular network, although originally a small 
number of Wi-Fi switches were tested as well. 

Part of the pilot offer also included a $25 gift card if thermostat and switch customers opted out 
of no more than two demand response events over the summer.  

Ultimately 402 customers were enrolled, 201 each to the thermostat and switch groups, with the 
thermostat group achieving the target enrollment goal of 200 first.  In addition, two groups of 
LES employees were recruited (one for thermostats, one for switches) and served as test groups 
throughout the pilot. 

Two local contractors performed device installations between March and June 2015.  The 
product provider’s DRMS was configured during this period as well.  While demand response 
events were originally scheduled to begin by June 2015, this was delayed by DRMS 
complications primarily related to configuration problems.  

Between July and September 2015, nine demand response events were conducted—seven with 
thermostat customers and eight with switch customers (the LES employee groups experienced 
more events for testing purposes).  Due to mild summer weather and the delayed start date, the 
pilot was extended to include the summer of 2016 as well.  While some DRMS technical issues 
remained, between June and September 2016, 17 more events were conducted (16 with 
thermostat customers and 14 with switch customers). 

Customer surveys were fielded after both summer seasons to gauge customer opinions and 
satisfaction levels regarding the program, and for the thermostat customers, to understand how 
they interacted with their devices. 
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Lincoln Electric System’s Demand Response Pilot 

Table 2-1 
LES pilot timeline 

Task Period 

Customer recruitment February to May 2015 

Customer device installation/pre-treatment survey March to June 2015 

Equipment testing/readiness March to July 2015 

Summer 2015 test season (partial) July to September 2015 

Post-summer 2015 survey October/November 2015 

Summer 2016 test season June to September 2016 

Post-summer 2015 survey October/November 2016 

Pilot Objectives 

To address LES’s key areas of interest, the pilot was designed to answer the following research 
questions: 

Demand impacts 

1. What are the impacts of demand response events for residential customers provided with 
smart thermostats and AC switches? 

2. What is the effect of “snapback” after a DR event? 

3. For customers provided with smart thermostats, what is the effect of precooling before a DR 
event? 

Customer adoption levels, feedback, and thermostat interaction 

4. What are the pilot customer recruitment, enrollment, and installation rates associated with the 
pilot? 

5. What are customer opinions and satisfaction levels regarding the overall program? 

6. At what rate do thermostat customers override events? 

7. What are thermostat customer opinions about precooling? 

8. What is the Wi-Fi connectivity experience like for thermostat customers? 

9. How do thermostat customers use and interact with their device? 

10. What are customer opinions and satisfaction levels regarding the thermostats? 
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Lincoln Electric System’s Demand Response Pilot 

Technology demonstration 

11. What can be learned from the pilot regarding the possibility of LES controlling customer-
installed devices via a single DRMS? 

Considerations for a full-scale program 

12. What can be learned from the pilot regarding the resources that would be needed for LES to 
offer a full-scale program, particularly a “Bring Your Own Device” program? 

These research questions reflect the original questions that were identified prior to the 
implementation of the pilot, with some exceptions.  For example, the original intention was to 
examine how load impacts vary with customer demographic and premise traits, but this was 
removed in the interest of timing.  In addition, the Wi-Fi connectivity focus was added based on 
learnings from test employees and customer feedback throughout the pilot. 

Customer Sample Frame 

The required pilot customer characteristics are listed in Table 2-2.  The majority of these traits 
were not known to LES in advance, so customers were screened on these criteria when they 
called in to enroll in the pilot. 

Table 2-2 
Pilot customer sample requirements 

Residential LES customers 

Pay their own bill 

Own their residence 

Live in a single family detached home (no apartments, condos, or townhouses) 

Have central cooling (AC or heat pumps) 

Plan to be in their home for at least the next 16 months 

Subscribe to an internet service and have Wi-Fi capability (required of thermostat 
customers only) 

Recruitment 

The overall recruitment procedure is depicted in Figure 2-1. It began with LES screening their 
residential customer base to remove likely multi-family customers (i.e., those with a unit or 
apartment number in their address) as well as LES employees (the employee test groups had 
already been recruited separately). This list was then provided to the product provider, and was 
randomized and used to send a total of 27,500 mailers over eight different waves.  Appendix A 
contains an example of the mailer, which offered the customer a choice of either the smart 
thermostat or the switch.  The thermostat enrollment target was met by mid-May after 17,500 
mailers had been sent, so the final 10,000 mailers included the switch offer only. 

The mail campaign generated approximately 1,500 phone calls to the enrollment hotline.  This 
translates to an initial marketing response rate of approximately 5%. 
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Lincoln Electric System’s Demand Response Pilot 

Via the hotline, the product provider’s customer service representative (CSR) representing the 
LES pilot explained the pilot details to the customer, confirmed their eligibility, and scheduled a 
time for the device installation.  At the time, the switches were on back order, so customers were 
informed they would be contacted again in the near future to schedule the installation. 

Local Lincoln-area contractors then performed the installations at the appointed times.  They also 
provided basic device and mobile app orientation, and left the customers with materials that 
included information about where to go if there were further questions. 

The initial calls translated to an ultimate participation rate of 1.5%, meaning approximately 400 
of the initial 27,000 customers had a thermostat or switch successfully installed at their home.  
This result falls within the range reported in other smart thermostat pilots,3 but is lower than 
what a neighboring municipal utility experienced with their switch-only program two years’ 
prior (which was in the 12% to 15% range).  The neighboring utility’s switch pilot was the first 
such offer to their customers, which could have been one reason for their excellent response.  
However, this pilot was also the first of its kind for LES customers.  For this reason, as well as 
the fact that customers had a choice of device, the expectation was that participation rates would 
be higher than the 1.5% that was actually realized.  

Figure 2-1 
LES pilot marketing, enrollment, and installation 

Pilot Sample Size 

Table 2-3 contains the samples sizes of both the thermostat and the switches groups, at the 
beginning of the pilot and throughout.  This does not include the employee cohorts, which 
initially included 16 employees with thermostats, and 6 employees with switches. 

The Wi-Fi switches exhibited a number of connectivity issues, and most of the changes over the 
summer of 2015 were related to Wi-Fi switches being replaced with cellular switches because of 

3 For example, in the other comparable pilots associated with EPRI’s smart thermostat collaborative project, 
customer participations rates (number of installed customers at the beginning of the test period divided by the 
approximate number that was provided the offer) were ~1% for BGE (their “new” customer cohort), ~2% for KCPL, 
and ~3% for TVA/Glasgow. 
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Lincoln Electric System’s Demand Response Pilot 

this.  Between the summers of 2015 and 2016, most of the changes were due to customers opting 
out of the second summer season. 

Table 2-3 
Pilot sample size (excluding LES employees) 

# Customers 
(# Devices) 

Beginning of pilot, 
as of Jun 5, 2015 

End of summer 2015, 
as of Sep 30, 2015 

End of summer 2016, 
as of Sep 30, 2016 

Thermostat 
Group 

201 
(218) 

201 
(218) 

191 
(206) 

Switch 
Group 

201 = 185 cell. + 16 Wi-Fi 
(211 = 190 cell. + 21 Wi-Fi) 

199 = 185 cell. + 14 Wi-Fi 
(209 = 191 cell. + 18 Wi-Fi) 

184 = 174 cell. + 10 Wi-Fi 
(194 = 181 cell. + 13 Wi-Fi) 

Pilot Customer Characteristics 

At the time of the thermostat or switch installations, the contractors also provided the customers 
with a short survey intended to assess basic demographic and premise information.  Most 
customers completed the survey while their devices were being installed, and returned it to the 
contractor in a sealed enveloped (a small number returned the survey by mail).  The response 
rate was 95%, meaning the survey likely does a good job of describing the characteristics of the 
pilot customers.  

In general, the pilot customers were fairly representative of the LES service territory with regard 
to education levels (Figure 2-2—note that the census data provided for comparison is not 
restricted to single family homes, as is the case for the pilot and LES Residential Demographic 
Survey data).  However, the pilot customers generally had higher incomes (Figure 2-3), and 
slightly larger household sizes (Figure 2-4) compared to the rest of the service territory. 

Figure 2-2 
Education levels 
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Lincoln Electric System’s Demand Response Pilot 

Note: 2014 census data is used because pilot customers were asked about their 2014 household income. 

Figure 2-3 
Household income 

Figure 2-4 
Household size 

Demand Response Events 

A total of 9 events were called in the summer of 2015, and 17 in the summer of 2016.  While 
there was interest in testing the effects of varying aspects of the event control strategies, this was 
balanced by the need to have a reasonable number of events conducted using the same control 
strategy for the impact analysis. Table 2-4 and Table 2-5 identify the event days and the control 
strategies that were employed. 

2-8 



 

 

 
   

 
 

 
 
 

  

  
 
 
 

 
 

 

 

 

           

           

           

    
 

 
      

    
 

 
  

 
 
 

   

       
 
 
 

   

    
 

 
      

    
 

 
      

           

        
       

 

  

Table 2-4 
2015 demand response events 

Evnt 
# 

Date 
# Customers 

Called 

Max 
Temp 
(°F) 

Thermostats Switches 

Control Strategy Time (CST) 
End 
Rand. 
(min) 

Pre-
Not. 

Control Strategy 
Time 
(CST) 

Strt 
Rand 
? 

1 7/31/2015 All 93 15/15 cycle 15-18 0 12PM 15/15 cycle 15-18 No 

2 8/4/2015 All 87 offset +3°F 15-18 0 12PM 20/10 cycle* 15-18 No 

3 8/6/2015 ~60% (rnd evnt) 81 offset +3°F 15-18 0 12PM 20/10 cycle* 15-18 No 

4 8/7/2015 All 93 
precool -3°F/ offset 

+3°F 
13-15-18 0 12PM 15/15 cycle 15-18 No 

5 8/13/2015 All 89 
precool -3°F/ offset 

+3°F 
13-15-18 0 

2 Days 
Ahead, 
1PM 

20/10 cycle* 15-18 No 

6 8/14/2015 ~60% (rnd evnt) 91 offset +3°F 15-18 0 
2 Days 
Ahead, 
1PM 

20/10 cycle* 15-18 No 

7 8/21/2015 ~60% (rnd evnt) 86 
precool -3°F/ offset 

+3°F 
13-15-18 10 12PM 15/15 cycle 15-18 No 

8 9/2/2015 ~60% (rnd evnt) 93 
precool -3°F/ offset 

+3°F 
13-15-18 10 12PM 15/15 cycle 15-18 No 

9 9/3/2015 All 95 offset +3°F 15-18 0 12PM 20/10 cycle* 15-18 No 

*The intended 20/10 cycle means ACs were to be cycled off for 20 minutes, followed by 10-minute period when they were on.  However, it was 
later determined that these events were conducted in the opposite manner (i.e., ACs cycled off for 10 minutes, then cycled on for 20). 

2-9 



 
 

 

 
  

  
 

 
 
 

  

   
 

 
 

 
 

 
 

            

            

           

           

            

            

            

       
  
    

       
  
    

           

           

        
 
    

        
 
    

            

            

           

            

             
 

Lincoln Electric System’s Demand Response Pilot 

Table 2-5 
2016 demand response events 

Evnt # Date 
# Customers 

Called 

Max 
Temp 
(°F) 

Thermostats Switches 

Control Strategy Time (CST) 
End 
Rand. 
(min) 

Pre-
Not. 

Control Strategy 
Time 
(CST) 

Strt 
Rand? 

10 6/15/2016 All 101 precool -3°F/ offset +3°F 13-15-18 0 10AM 15/15 15-18 No 

11 6/16/2016 All 98 precool -3°F/ offset +3°F 13-15-18 0 10AM 15/15 15-18 No 

12 6/22/2016 All 93 15/15 15-18 0 10AM 20/10* 15-18 No 

13 6/24/2016 All 92 15/15 15-18 0 None 20/10* 15-18 No 

14 7/5/2016 All 96 precool -3°F/ offset +3°F 13-15-18 0 None 15/15 15-18 No 

15 7/20/2016 All 97 precool -3°F/ offset +3°F 13-15-18 0 None 15/15 15-18 No 

16 7/21/2016** All 99 precool -3°F/ offset +3°F 13-15-18 0 None 15/15 15-18 No 

17 8/1/2016 All 87 15/15 15-18 5 
Prev. eve 
8PM 22.5/7.5 15-18 Yes 

18 8/3/2016 All 90 15/15 15-18 5 
Prev. eve 
8PM 22.5/7.5 15-18 Yes 

19 8/10/2016 All 94 15/15 15-18 5 None 15/15 15-18 Yes 

20 8/11/2016 All 96 offset 3°F 15-18 0 None 22.5/7.5 15-18 Yes 

21 8/17/2016 ~50% (rnd evnt) 92 precool -3°F/ offset +3°F 13-15-18 5 
Prev. eve 
8PM 22.5/7.5 15-18 Yes 

22 8/18/2016 ~50% (rnd evnt) 93 precool -3°F/ offset +3°F 13-15-18 10 
Prev. eve 
8PM 22.5/7.5 15-18 Yes 

23 9/6/2016 ~50% (rnd evnt) 92 precool -3°F/ offset +3°F 13-15-18 5 None 15/15 15-18 Yes 

24 9/7/2016 ~50% (rnd evnt) 88 precool -3°F/ offset +3°F 13-15-18 5 None 15/15 15-18 Yes 

25 9/20/2016 All 95 offset 3°F 15-18 0 None 22.5/7.5 16-18 Yes 

26 9/21/2016 All 90 precool -3°F/ offset +3°F 13-15-18 5 None 22.5/7.5 15-18 Yes 

* As in 2015, this cycling was opposite to that originally intended in that the ACs cycled off for 10 minutes, then cycled on for 20. 
** 2016 system peak day 
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Thermostat Customers 
The thermostats were capable of shedding load through both temperature set point offsets and 
cycling strategies.  Most events involved offsets, where thermostat temperature set points were 
increased by 3°F from 3:00 to 6:00 p.m., roughly coincident to LES’s system peak period in the 
summer.  For several events, this offset was preceded by a precooling period from 1:00 to 3:00 
p.m. where set points were decreased by 3°F relative to the existing set point.  For comparison 
purposes, some events were also conducted using a 15/15 cycling strategy between 3:00 and 6:00 
p.m., whereby ACs were cycled off for 15 minutes, followed by a 15-minute period where they 
were allowed to run as needed. 

For most events in 2015, customers received a pre-notification at 12:00 p.m. the day of the event.  
An alert was displayed on the thermostats that an energy saving event was scheduled from 3:00 
to 6:00 p.m. (1:00 to 6:00 p.m. when precooling was used).  If the customer happened to have 
their smart phone app or online portal opened, they would see this same alert, although there 
were no “push notifications” if the app or portal were not already opened. 

Similarly, notifications occurred during the event through these same channels. 

In 2016, the notifications happened in a similar manner, although the timing of the pre-
notifications were altered, as noted in Table 2-5. 

When an event was underway, customers could opt out via the app or online portal by pressing a 
button.  They could opt out at the thermostat by adjusting their temperature set point.  

Switch Customers 
The only control strategy possible with the AC switches was cycling.  The original intention was 
to test both 20/10 and 15/15 cycling strategies over the period from 3:00 to 6:00 p.m.  A 20/10 
strategy means for each 30-minute period during the event, the switch cycles the outdoor 
compressor off for 20 minutes, followed by a 10-minute period where it is allowed to run as 
needed.  This is a more aggressive cycling strategy than 15/15, which was desired as a means of 
mitigating the potential effects of oversized AC units.  In other words, with oversized AC units, a 
15/15 cycling event might not deliver much additional load shed beyond that which would have 
happened normally.  The switch and DRMS technology did not have “adaptive cycling” 
capabilities, which can control for such free-ridership.  Adaptive cycling takes into account each 
premise’s baseline AC runtime characteristics so that during events, load shed can be obtained 
above and beyond what would have occurred with normal AC cycling in the absence of an event. 

In the end, the analysis revealed that the intended 20/10 cycling events were more than likely 
called in a reversed manner—10/20, meaning outdoor compressors were cycled off for only 10 
minutes, followed by a 20-minute period where they were able to run.  This analysis is described 
in more detail in Section 5.  This was corrected mid-way through 2016, and the intended 20/10 
strategy was replaced with a 22.5/7.5 strategy. 

The switch customers did not receive any pre-notification before events, or any notification 
during events.  Also, the only way that switch customers could opt out of an event was by calling 
the pilot hotline.  
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Lincoln Electric System’s Demand Response Pilot 

Customer Surveys 

The pilot included three customer surveys (see Appendix B).  The first was the paper survey 
provided by the contractor at the time of installation that asked about basic demographic and 
premise traits, as well as past thermostat programming behavior.  Customers provided the 
completed survey to the installer in a sealed envelope, or could mail it back to LES on their own 
if they preferred. 

The second survey was fielded online from October to November 2015, and its purpose was to 
gauge opinions and satisfaction levels regarding the events and the overall program.  Thermostat 
customers were asked additional questions about the way they interacted with their device.  

The third survey was fielded online from October to November 2016, and was very similar to the 
second survey.  In addition, a survey was sent to customers that had dropped out of the pilot to 
better understand their reasons for doing so. 

Pilot Design Structure 

The LES pilot was structured as a hybrid of a quasi-experimental and an experimental design.4 

Experimental designs are generally considered to be the most rigorous, and they are relatively 
straightforward to analyze because they require little to no subjective assumptions on the part of 
the analyst.  However, experimental designs take more time and planning on the front end, as 
well as vigilance to ensure they are properly implemented. Quasi-experimental designs are often 
easier to implement, but they are considered to be less rigorous, and they are more difficult to 
analyze on the back end, because more discretion is left to the analyst for the assumptions they 
make. EPRI generally recommends experimental designs as the preferred approach, and if this is 
not possible, moving to quasi-experimental designs.5,6 

Experimental Portion of the Pilot—Randomized Events 
Although a purely experimental randomized controlled trial (RCT) would have ideally been 
preferred for the LES pilot, practical limitations interceded.  In particular, because LES does not 
have advanced metering infrastructure (AMI), hourly premise-level data were not available for 
all customers, and the impact analysis therefore needed to rely on the data generated by the 
thermostats and switches.7 This meant that a traditional RCT was not possible since there would 
be no hourly data for any would-be Control Group customers who did not receive a device 

4 Experimental and quasi-experimental designs are the two broad categories of pilot design.  Experimental 
approaches use randomization in the development of Treatment and Control Groups prior to pilot implementation, 
which helps to control for selection bias.  A Treatment Group refers to a group of customers assigned to receive 
what is being tested, and the Control Group is the group of customers that will not receive it. 
5 Quantifying the Impacts of Time-Based Rates, Enabling Technology, and Other Treatments in Consumer Behavior 
Studies: Protocols and Guidelines. EPRI, Palo Alto, CA: 2013. 3002000282. 
6 Practical Considerations for Designing and Implementing Experiments Involving Customers and Enabling 
Devices: Lessons Learned from EPRI’s Smart Thermostat Collaborative Project. EPRI, Palo Alto, CA: 2016. 
3002005263. 
7 The thermostats generate run-time (and other) data for each customer’s AC equipment.  Combined with nameplate 
information obtained for each customer’s AC during installation, AC-level consumption was estimated for each 
household.  The switches measure compressor-level power consumption directly.  More details are provided in 
Section 3. 
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Lincoln Electric System’s Demand Response Pilot 

(unless data loggers were installed in these homes, which would have been cost-prohibitive and 
difficult to implement). 

In the end, an RCT was constructed another way: by conducting some events such that a random 
half of the pilot customers experienced the event, and the other half did not.8 Those that did not 
experience the event became the Control Group for those that did.  However, because this 
approach effectively halves the sample experiencing the event, only four events per summer 
were conducted this way. 

Quasi-experimental Portion of the Pilot—Within Subjects Analysis 
All remaining events were experienced by all pilot customers.  This meant there was no Control 
Group for these events, so a quasi-experimental “within-subjects” approach was used instead.  
With this approach, a model is developed that effectively compares pilot customers’ event-day 
usage to their usage on non-event days, controlling for weather and other differences. One 
limitation of this approach is there are often not enough non-event days with comparable weather 
to event days, given that event days are usually reserved for the hottest days. However, an 
unintended benefit of the DRMS delay was that, because no events could be called in June and 
July 2015, baseline hot-day consumption data could be collected. The summer of 2016 also had 
a number of hot days when events were not called. 

Figure 2-5 is a representation of LES’s pilot design structure.  Note that both the experimental 
and the quasi-experimental designs suffer from the limitation that, if there are any hourly energy 
efficiency impacts attributable to the devices, these would not be picked up in the analysis as 
adders to the DR impacts (since the groups of customers that serve as the basis for comparison 
also have the devices, and any potential effect would thus be netted out). 

8 In 2015, 60% of the pilot customers were exposed to each of the four randomized events, and a new set of 60% 
was randomly drawn each time.  In 2016 this was simplified to a random 50% split, creating two groups of 
customers that took turns receiving the randomized events. 
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Lincoln Electric System’s Demand Response Pilot 

Figure 2-5 
LES pilot design structure: hybrid experimental and quasi-experimental 

Experiences from Pilot Implementation 

A key objective of the pilot was for LES to gain experience with the technology, support 
systems, customer experiences, and overall business practices that are involved in running a 
successful demand response program.  The following is based on interviews of the LES 
personnel that implemented the pilot, and summarizes some key experiences and learnings. 

Customer Experience During Enrollment and Beyond 
The product provider’s call center was supporting the launch of other utility pilots and programs 
at the same time, and this led to issues of overwhelming call volume and inadequate CSR 
training. Some customers even called LES directly in an attempt to enroll after not being able to 
get through via the program hotline.  Even after the enrollment period, lingering call center 
issues resulted in customers calling LES staff for a timely, adequate response to their queries. 

Additionally, the neighboring utility that experienced the 12-15% response rate used a simple 
letter to invite customers to participate; one learning for any other potential offering in the future 
is to test whether using a simpler mailer affects the response result. 

The nature of the pilot necessitated several steps between the customer’s initial call to enroll 
through to the successful installation of their device.  Each step represented the potential to 
“lose” the customer.  A full program could be more streamlined, could take advantages of 
publicity opportunities, and could offer more enrollment options to customers.  Indeed, the lack 
of online or other enrollment options may have served as a barrier to easy enrollment in the pilot. 
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Lincoln Electric System’s Demand Response Pilot 

Installation Contractors 
Two Lincoln-area contractors performed the switch and thermostat installations and educated 
customers on device functionality and program operation.  It took a few weeks to achieve a 
smooth installation process for one contractor in particular.  A more formal checklist of required 
installer activities would have been useful.  

Technology and Connectivity 
As mentioned, the DRMS did not initially operate correctly, affecting the ability to reliably 
conduct DR events and report results.  The issue was discovered during the soft launch with the 
LES employees, and troubleshooting delayed the launch of the full pilot by roughly two months, 
resulting in fewer events than originally planned in 2015. 

In addition, using devices that rely on customer Wi-Fi networks presented new challenges.  One 
was the need for call center support to ask customers to reconnect when their devices had been 
offline for some time.  Another was that call center and field support staff needed expertise 
relating to Wi-Fi networks to help customers reconnect when they were not able to on their own.  
Knowledge of home Wi-Fi systems has traditionally not been required of HVAC field experts, so 
one pilot learning is that contractors need to be flexible and demonstrate a willingness to learn 
new skills. 

Overall, one key learning, and one that cannot be appreciated until it is experienced, is that 
enabling technology pilots can be complex. They involve many facets spanning recruitment, 
customer support, and technology infrastructure and support.  This means that rigorous vetting of 
project partners is necessary via targeted and comprehensive requests for information.  Also, 
conducting soft launches is always recommended, either with utility employees or small 
customer groups, to ensure that all systems—call centers, field support, event communications, 
device connectivity, and data collection and processing—are working properly. 

Ultimately, enabling customers as capacity resources will depend on demand response 
technology performance, the ability to validate event operations and impacts quickly, and the 
assurance that all project partners are responsive to customers and treat them as their own, with a 
high level of respect. 
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3 
ANALYSIS METHODS 

Quasi-experimental Impacts Estimate Model 

To model this type of “longitudinal study,” where repeated measurements from multiple 
participants are recorded over a period of time, a linear mixed-effect model was used. This type 
of model acknowledges the correlation between repeated measurements made on each home and 
also deals well with missing values (due to communication errors, customer dropouts, etc.) that 
would otherwise skew the results. Because daily schedules are also a strong determinant of AC 
demand, 24 separate models were made, one for each hour of the day. Then the models were 
combined to produce hourly trends for baseline days that could be compared to event-day trends. 

Since the energy use of an AC system depends strongly on the weather, a number of weather-
related metrics were explored, including maximum daily temperature and maximum prior day’s 
temperature. Ultimately, the factors with the strongest correlation to energy-use variation were: 
average daily temperature, average prior day’s temperature, and cooling-degree-hours (base 
65°F). The day of week was also included as a discrete flag input to the model (Figure 3-1). 

Figure 3-1 
Quasi-experimental load impact model specification 

In addition to these inputs, the model accounted for each participant household.  The event day 
flag was set on records from the event day (or days, if modeling the impact of a strategy that was 
employed on multiple days, such as “precool”) and was used to isolate the impact of the events 
relative to all the other sources of variation. The dependent variable was set to household-level 
kW, which was calculated by averaging across all power measurements for each device for each 
hour, then summing across all AC systems in each participant’s home. 

The Python StatsModels toolkit was used to generate the linear mixed effect model (LME), and 
produced hourly confidence intervals as well as the estimated impact for each hour. Subtracting 
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Analysis Methods 

the impact from the actual hourly average kW for the event day produced the baseline load 
trend—that is, the average household AC demand that would have been used by that group of 
participants on that day of the week with those weather conditions, if the impact of calling the 
event was removed. 

Estimating AC Load from Devices 

Utility demand impact analyses are typically performed using hourly premise-level consumption 
data made available via AMI or automatic metering reading (AMR).  This impact analysis is a 
departure from most evaluations in that it is based on data generated by the thermostat and 
switch devices. 

Thermostats and the “Nameplate Method” 
Smart thermostats generate granular data regarding AC runtime, indoor and outdoor temperature 
conditions, fan settings, and more.  In addition, nameplate information regarding each pilot 
customer’s AC unit(s) was recorded by the contractors at the time of device installation. 

Combining the thermostat-level runtime data, nameplate information, outdoor air temperature 
data, and AC performance data (the relationship between AC power consumption and outdoor 
ambient temperature, found in HVAC manufacturers’ data sheets), the AC-level demand can be 
estimated for each customer.  The following describes this approach, referred to as the 
“Nameplate Method,” and a more detailed description is available in Appendix C.  

When pilot customers’ AC model numbers, sizes, and Seasonal Energy Efficiency Ratio (SEER) 
ratings are known and datasheets are available, the procedure to arrive at AC-level demand 
estimates generally involves: 

1. Finding a datasheet that describes the relationship between outdoor temperature and AC 
power consumption. 

2. Making some assumptions. 

3. Mapping outdoor temperatures to power consumption in a 1:1 fashion. 

4. Correlating the data to map any outdoor temperature to a kW value. 

5. Scaling the result based on an empirically derived calibration factor. 

6. Incorporating indoor fan load. 

Figure 3-2 illustrates how these data elements are combined to estimate AC power. 
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Analysis Methods 

Figure 3-2 
Overview of the Nameplate Method 

Steps 1 through 4: Obtaining kW estimates for each customer’s AC 

When some information about the customer’s AC was missing, which was typical, the methods 
used to obtain the power/temperature performance relationship involved, where possible, 
estimating the missing values, for example, by taking advantage of the relatively strong 
relationship between AC unit age and SEER. 

Once the size, SEER, and age were determined through a combination of documentation and 
estimation, a performance curve of kW versus outdoor temperature relationship was used to 
calculate the expected power draw for a given outside temperature. This performance curve is 
derived from the datasheet for the AC model. When the exact datasheet was not available, which 
was typical, an available datasheet for a unit with the same size and SEER was used as a proxy. 

Step 5: Scaling the result based on an empirically derived calibration factor 

The current draw of approximately 40 AC units in the study was measured using amp loggers, 
and then converted into load values. The loggers were deployed for a few weeks in both 2015 
and 2016 to different samples of AC units to obtain a larger sample size and capture greater 
variation. 

The Nameplate-Method-estimated loads were compared to those estimated using the loggers.  
On average, the Nameplate Method generally overestimated AC consumption, and an adjustment 
factor of 0.82 was calculated and applied to de-rate the Nameplate Method-estimated loads for 
all AC units in the pilot (not just the ones for which there were measured logger data).  

Step 6: Incorporating indoor fan load 

The HVAC manufacturers’ performance data described above generally report “net” kW load 
values, which means they include the indoor fan power draw.  In the case of the LES pilot, the 
intention was that thermostat customers would have their indoor fan run constantly during events 
to help with customer comfort, although it does not appear that this was implemented 
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Analysis Methods 

consistently.9 Regardless, this meant it was necessary to tease out and estimate indoor fan power 
for each customer so its load could be properly accounted for during events.  

The fan power was estimated based on assumed typical fan efficiency and capacity values of 
0.365 W/CFM * 400 CFM/ton * system tons.10, 11 The fan power was then subtracted from the 
Nameplate-Method-derived load estimates to isolate the outdoor compressor load.  

Using the fan-active and cooling-active flags in the thermostat data to indicate when the indoor 
fan and outdoor compressor were running, these respective load estimates were included in the 
overall kW load estimate, as appropriate.  

Limitations of the Nameplate Method 

While the Nameplate Method can be useful when granular estimates of AC load are required, it 
is important to note its limitations: 

• It relies on accurately recording size, SEER, age or model number by the installation 
contractor. 

• It relies on having a representative sample of HVAC performance datasheets with 
consistently reported information.  Availability of more datasheets could provide better 
estimates. 

• It assumes single-stage AC units that operate on a single performance curve. 

• It includes an adjustment factor of 0.82, which scales all the power calculations (except for 
the fan adder). 

– This adjustment factor is based on a modest sample of 40 “ground-truth” data sets from 
amp loggers. 

– The logger data actually measures amperage, and it is converted to true power using 
static assumptions about voltage and power factor, which may introduce variability or 
error to the adjustment factor. 

• The fan estimation assumes a consistent ratio of system size to rated air flow and a consistent 
fan motor efficiency. 

9 The original intention for the thermostat customers was to have the indoor fans run constantly during the event. 
However, from a high-level analysis of the indoor fan flag in the thermostat data, it appears that a “hybrid” fan 
situation occurred—some events started out with the fan on constantly while the compressor was off, but once the 
compressor came back on, the fan behavior went back to mimicking that of the compressor, i.e., turning on and off 
when the compressor did.  At the same time, a 2016 survey comment from one thermostat customer suggests some 
events did indeed see the indoor fan run constantly for the full event.  Regardless, the AC consumption estimates 
upon which the impact analysis are based included fan load when the fan flag was present in the thermostat data.  As 
a result, whatever the fan behavior, its load should be appropriately captured for each event (assuming, of course, 
that the fan and thermostat data are correct). 
10 CFM is cubic feet per minute 
11 See Cutler et al., 2013, Improved Modeling of Residential Air Conditioners and Heat Pumps for Energy 
Calculations, NREL/TP-5500-56354, http://www.nrel.gov/docs/fy13osti/56354.pdf. 
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Analysis Methods 

Switch Load Data 
The AC load control switches did not require the Nameplate Method to calculate compressor 
power, since they contain measurement hardware that can report the true power of the outdoor 
units at regular intervals. 

However, the switches do not report runtime, and the compressor load does not include the 
power consumed by the indoor fan, so the following procedure was used to arrive at AC-level 
demand estimates for the switch customers: 

1. The switch’s measured “AC kW” compressor power value was used to infer whether the 
system was running during any 5-minute interval, using a threshold of 0.5 kW, below which 
the compressor was assumed to be off. 

2. For each switch, indoor fan power was calculated for the associated AC system based on 
recorded system size and the assumed fan efficiency and capacities of 0.365 W/CFM * 
400CFM/ton * system tons.12 

3. The indoor fan was assumed to be running if the compressor was active, both during and 
outside of event periods.  (The rationale and implications of this assumption are discussed in 
Appendix D.)  The fan power from Step 2 was recorded for each interval for each participant; 
otherwise the fan was assumed to be off and zero kW was recorded. Note that there is no way 
to know if the compressor and fan changed on/off state in the middle of a 5-minute interval, 
so the last known state was assumed to persist until another reading was recorded for that 
switch. Switches are supposed to communicate a reading every 7 minutes, so if no reading 
was received for more than 15 minutes, the device was assumed to be offline and no further 
power readings were recorded until another reading was received. These “null” values are not 
included in the averages used to calculate event impacts. 

4. The fan load was then added to the compressor load to produce the total system load. 

Limitations of Estimating Impacts Using AC-level Load Data 

Utilities run pilots in part because they are interested in understanding the potential premise-level 
impacts of full programs.  Premise-level impacts are important, because this is the level at which 
utilities meter and bill, and therefore the level at which they must anticipate demand. 

This pilot evaluation provides impact estimates at the AC-level.  While this approach allows for 
greater evaluation flexibility when hourly premise-level data are not available, there are 
limitations to this approach that should be noted.  

12 Cutler, et al., 2013, ibid. 
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Analysis Methods 

In particular, it is possible the pilot could bring about “secondary” effects that affect premise-
level consumption, but that may not be captured in AC-level estimates (e.g., if a substantial 
proportion of customers used room ACs or additional fans during event periods more than they 
normally would). One study showed that kW impacts calculated at the AC-level were as much 
as 68% lower when calculated at the premise-level.13 While this is just one study with specific 
circumstances and calculation methods, it demonstrates the larger point that such considerations 
are necessary when premise-level implications need to be gleaned from device-level impacts. 

13 Demand Response Measurement and Verification Using AMI Data: A Preliminary Assessment. 
EPRI, Palo Alto, CA: 2012. 1025415. 
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4 
IMPACT ANALYSIS RESULTS 

Table 4-1 presents the overall demand response impact estimates for the quasi-experimental 
analysis. The units are kWh/h, but are abbreviated to kW for simplicity.  Each kW estimate is 
derived from the model described in Section 3 (the full model parameter estimates can be found 
in Appendix E). 

Each kW impact estimate in effect represents the difference between the actual average AC load 
on event days and the estimated AC baseline load (or baseload).  A negative value indicates a 
decrease in AC load relative to the baseload, and a positive value denotes an increase.  The kW 
impact is for the event-day weather conditions specified, and the percentage impact, which is 
relative to the AC baseload estimated for those same weather conditions, does a better job of 
normalizing for weather, and is thus a better metric for comparison between results. 

The left side of Table 4-1 represents the average impacts across all successfully14 conducted 
events in 2015 and 2016—that is, 23 events for the thermostat customers, and 17 for the switch 
customers. 

Since hotter days are typically when events would normally be called, the right side of Table 4-1 
contains average impacts for the event days when the maximum temperature was 95°F or 
greater. This represents seven event days for thermostat customers and seven for switch 
customers. 

Table 4-2 provides the hourly impacts across all events for the thermostat and switch customers, 
and Table 4-3 does the same for event days with Tmax ≥ 95°F. 

Figure 4-1 and Figure 4-2 show the load shapes across all events by control strategy for the 
thermostat and switch groups, respectively.  Similarly, Figure 4-3 and Figure 4-4 show the load 
shapes for events held on days with Tmax ≥ 95°F. Impacts are statistically significant when the 
purple line falls outside of the boundaries defined by the blue and red lines (which represent the 
upper and lower confidence interval at a 95% level of significance). 

Per-event impacts and load shapes can be found in Appendices G and H for the thermostat and 
switch customers, respectively. 

14 “Successful” means the event appears to have been carried out as intended based on an assessment of the 
thermostat and switch-level data.  Please see Appendix F for a description of the events that were excluded from the 
impact estimates because they were not conducted as intended. 
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Table 4-1 
Summary of average AC-level impacts (quasi-experimental) 

Event 
Control 
Strategy 

All Events Events with Tmax ≥ 95°F 

Num 
of 

Events 

Ave 
Max 
Temp 
( ° F) 

AC-level Load Impacts per Customer 
kW (%) 

Net Energy Impacts 
kWh (%) 

Num 
of 

Events 

Ave 
Max 
Temp 
( ° F) 

AC-level Load Impacts per Customer 
kW (%) 

Net Energy Impacts 
kWh (%) 

Precool 
1-3pm 

Event 
3-6pm 

Snapback 
6-8pm 

Snapback 
8pm-12am 

3pm-
12am/ 
1pm-
12am* 

Daily 
Precool 
1-3pm 

Event 
3-6pm 

Snapback 
6-8pm 

Snapback 
8pm-12am 

3pm-
12am/ 
1pm-
12am* 

Daily 

Thermostats 

15m off/ 
15m on 

5 91 N/A 
-0.37 

(-22%) 

+0.26 

(+14%) 

+0.27 

(+19%) 

+0.49 

(+3%) 

+1.78 

(+7%) 
No events were conducted on days with Tmax ≥ 95°F 

offset 
+3°F 

6 91 N/A 
-1.02 

(-63%) 

+0.50 

(+30%) 

+0.39 

(+35%) 

-0.50 

(-4%) 

-0.41 
NS 

(-2%) 

3 95 N/A 
-1.10 

(-59%) 

+0.45 

(+24%) 

+0.49 

(+39%) 

-0.45 

(-3%) 

-0.08 

(-0%) 

precool -
3°F/ 
offset 
+3°F 

12 93 
+0.78 

(+65%) 

-1.22 

(-68%) 

+0.26 

(+14%) 

+0.24 

(+16%) 

-0.64* 

(-4%) 

-0.22 
NS 

(-1%) 

4 99 
+0.77 

(+53%) 

-1.35 

(-62%) 

+0.24 

(+10%) 

+0.31 

(+18%) 

-0.76* 

(-4%) 

+0.01 

(+0%) 

Switches 

15m off/ 
15m on 

10 95 N/A 
-0.49 

(-34%) 

+0.29 

(+20%) 

+0.16 

(+15%) 

-0.26 
NS 

(-2%) 

+0.22 
NS 

(+1%) 

5 98 N/A 
-0.59 

(-36%) 

+0.30 

(+18%) 

+0.22 

(+18%) 

-0.30 

(-2%) 

+0.56 

(+3%) 

22.5m off/ 
7.5m on 

7 92 N/A 
-0.53 

(-42%) 

+0.31 

(+24%) 

+0.18 

(+20%) 

-0.23 
NS 

(-2%) 

+0.32 
NS 

(+2%) 

2 96 N/A 
-0.53 

(-39%) 

+0.36 

(+27%) 

+0.28 

(+34%) 

+0.26 

(+3%) 

+1.18 

(+7%) 

Notes: 

All kW and net kWh impacts are significant at the 95% level unless listed as NS (not significant). 

*This value is net kWh for 1:00 pm-12:00 am, which includes the precool energy impact (the rest of column is 3:00 pm-12:00 am). 
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Table 4-2 
Average AC-level impacts by hour-starting (all events) (quasi-experimental) 

Event 
Control 
Strategy 

Num 
of 

Events 

Ave 
Max 
Temp 
(°F) 

Pre-Event 
kW 

Event 
kW 

Snapback 
kW 

1 
p.m. 

2 
p.m. 

3 
p.m. 

4 
p.m. 

5 
p.m. 

6. 
p.m. 

7 
p.m. 

8 
p.m. 

9 
p.m. 

10 
p.m. 

11 
p.m. 

Thermostats 

15m off/ 
15m on 

5 91 

+0.17 

(+17%) 

+0.18 

(+14%) 

-0.30 

(-20%) 

-0.37 

(-21%) 

-0.44 

(-24%) 

+0.23 

(+12%) 

+0.30 

(+16%) 

+0.29 

(+17%) 

+0.26 

(+16%) 

+0.26 

(+19%) 

+0.27 

(+24%) 

offset +3°F 6 91 

+0.00 
NS 

(+0%) 

+0.01 
NS 

(+1%) 

-1.18 

(-83%) 

-1.11 

(-67%) 

-0.79 

(-44%) 

+0.52 

(+30%) 

+0.48 

(+31%) 

+0.51 

(+39%) 

+0.44 

(+36%) 

+0.34 

(+32%) 

+0.29 

(+33%) 

precool -3°F/ 
offset +3°F 

12 93 
+0.88 

(+81%) 

+0.67 

(+51%) 

-1.35 

(-85%) 

-1.29 

(-70%) 

-1.03 

(-52%) 

+0.27 

(+14%) 

+0.26 

(+14%) 

+0.28 

(+16%) 

+0.28 

(+17%) 

+0.21 

(+16%) 

+0.18 

(+16%) 

Switches 

15m off/ 
15m on 

10 95 

+0.08 

(+8%) 

+0.06 

(+5%) 

-0.46 

(-35%) 

-0.46 

(-32%) 

-0.56 

(-36%) 

+0.33 

(+21%) 

+0.25 

(+18%) 

+0.21 

(+17%) 

+0.17 

(+15%) 

+0.12 

(+12%) 

+0.14 

(+16%) 

22.5m off/ 
7.5m on 

7 92 

+0.02 
NS 

(+2%) 

+0.03 
NS 

(+3%) 

-0.38 

(-33%) 

-0.59 

(-46%) 

-0.61 

(-45%) 

+0.25 

(+19%) 

+0.37 

(+30%) 

+0.33 

(+31%) 

+0.19 

(+19%) 

+0.11 

(+13%) 

+0.09 

(+12%) 

Notes: 
All kW and net kWh impacts are significant at the 95% level unless listed as NS (not significant). 
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Impact Analysis Results 

Table 4-3 
Average AC-level impacts by hour-starting (events with Tmax ≥ 95°F) (quasi-experimental) 

Event 
Control 
Strategy 

Num 
of 

Events 

Ave 
Max 
Temp 
(°F) 

Pre-Event 
kW 

Event 
kW 

Snapback 
kW 

1 
p.m. 

2 
p.m. 

3 
p.m. 

4 
p.m. 

5 
p.m. 

6. 
p.m. 

7 
p.m. 

8 
p.m. 

9 
p.m. 

10 
p.m. 

11 
p.m. 

Thermostats 

15m off/ 
15m on 

No events were conducted on days with Tmax ≥ 95°F 

offset +3°F 3 95 
+0.02 

(+2%) 

+0.04 

(+3%) 

-1.35 

(-83%) 

-1.18 

(-62%) 

-0.79 

(-39%) 

+0.46 

(+23%) 

+0.45 

(+25%) 

+0.56 

(+38%) 

+0.52 

(+38%) 

+0.44 

(+37%) 

+0.44 

(+44%) 

precool -3°F/ 
offset +3°F 

4 99 
+0.83 

(+63%) 

+0.72 

(+45%) 

-1.63 

(-84%) 

-1.40 

(-63%) 

-1.01 

(-42%) 

+0.25 

(+10%) 

+0.24 

(+10%) 

+0.27 

(+13%) 

+0.31 

(+16%) 

+0.33 

(+21%) 

+0.34 

(+25%) 

Switches 

15m off/ 
15m on 

5 98 

+0.07 

(+6%) 

+0.04 

(+3%) 

-0.53 

(-36%) 

-0.54 

(-34%) 

-0.69 

(-39%) 

+0.32 

(+18%) 

+0.27 

(+17%) 

+0.27 

(+19%) 

+0.22 

(+17%) 

+0.17 

(+14%) 

+0.21 

(+21%) 

22.5m off/ 
7.5m on 

2 96 
+0.06 

(+6%) 

+0.09 

(+9%) 

-0.27 

(-22%) 

-0.64 

(-47%) 

-0.66 

(-45%) 

+0.29 

(+21%) 

+0.43 

(+34%) 

+0.49 

(+52%) 

+0.29 

(+33%) 

+0.23 

(+29%) 

+0.11 

(+17%) 

Notes: 
All kW and net kWh impacts are significant at the 95% level unless listed as NS (not significant). 
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Figure 4-1 
Thermostat average AC-level load impacts by control strategy (all events): 15/15 cycling 
(top), +3°F offset (middle), -3°F precooling preceding +3°F Offset (bottom) 
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Figure 4-2 
Switch average AC-level load impacts by control strategy (all events): 15/15 cycling (top), 
22.5/7.5 cycling (bottom) 
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Impact Analysis Results 

Figure 4-3 
Thermostat average AC-level load impacts by control strategy (events with Tmax ≥ 95°F): 
+3°F offset (top), -3°F precooling preceding +3°F offset (bottom) 
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Impact Analysis Results 

Figure 4-4 
Switch average AC-level load impacts by control strategy (events with Tmax ≥ 95°F): 15/15 
cycling (top), 22.5/7.5 cycling (bottom) 
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Comments on Model Fit 

The model generally does an adequate job of estimating the AC baseloads for each strategy, 
given that the actual average load shape (the purple line) closely mimics the modeled baseline 
during the pre-event hours.  

One possible exception is the model fit for the 15/15 cycling strategy for the thermostat 
customers, where it underestimates AC baseload in the early morning hours, and in the few hours 
before the event (given the purple line generally falls slightly above the upper confidence 
interval).  

For the other strategies, the model generally tends to underestimate the baseloads in the morning 
hours, but much more slightly.  This manifests itself as impacts that are significant (albeit small) 
in the pre-event hours listed in Table 4-2 and Table 4-3.  An underestimated baseload could have 
the effect of underestimating event savings impacts (meaning more conservative estimates), 
although it could also be slightly overestimating the precool and snapback impacts (meaning less 
conservative estimates). 

In general, the model produces impact estimates that seem reasonable relative to one another, 
and in the expected direction.  That is, for the thermostat customers, precooling results in greater 
impacts and less snapback than the offset strategy.  For the switch customers, 22.5/7/5 cycling 
yields greater event impacts compared to 15/15 cycling. 

Temperature Effects 

Examining the events that occurred on hotter days (with Tmax ≥ 95°F), it is no surprise that 
average load impacts are larger in kW terms compared to those calculated across all event days 
(i.e., comparing the right and left sides of Table 4-1).  The one exception is the 22.5/7/5 cycling 
strategy, where impacts stay the same in kW terms. It is not clear why, although limited data 
may be an issue (note there were only two events above 95°F used in the analysis). 

In percentage terms, all impacts reduce slightly on the hotter days, owing mainly to higher 
relative baseloads. 

Considering the percentage results for the thermostat customers, the same relative performance 
of the control strategies emerges on hotter days as occurs when all events, including cooler days, 
are considered.  That is, precooling results in greater impacts than the offset strategy (62% versus 
59% savings) with less snapback (10% compared to 24% in the first two hours).  For both the hot 
and all event day results, both the precooling and the offset strategies result in a similar small net 
energy decrease over the event and snapback hours (3-4%). 

The same relative performance of control strategies applies for the switch customers on hot days 
as well—the 22.5/7/5 cycling strategy yields greater event impacts compared to 15/15 cycling 
(39% compared to 36%), although the spread is not as large as when all events (including cooler 
days) are considered (42% compared to 34%). In terms of the net energy impacts over the event 
and snapback hours, the 15/15 cycling shows a small energy decrease for hot event days (2%), 
compared to an effect that is not statistically significant when all event days are considered.  The 
net energy impact for the 22.5/7/5 cycling, which is also not significant for all event days, 
becomes positive and significant on hot days, indicating a 3% energy increase. 
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Impact Analysis Results 

Offset versus Cycling Control Strategies 

One key observation from the thermostat results in the top of Table 4-1 is that the 15/15 cycling 
events yielded lower demand savings (22%) compared to either of the two offset control 
strategies (63% and 68% savings for the +3°F offset, without and with 3°F precooling, 
respectively). This is also illustrated in the top chart of Figure 4-1, with a significantly smaller 
event “notch.” 

Although the switch savings (bottom of Table 4-1) are greater than the thermostat saving for the 
15/15 cycling, overall the offset control strategies still resulted in higher demand savings 
compared to the cycling strategies.15 

There are at least two potential causes of the low cycling savings.  One is mild weather, although 
the offset strategies still outperform the cycling strategies on hotter events days (right side of 
Table 4-1). 

Another more likely cause is “free-ridership” from oversized AC units.  That is, when AC units 
are so large they achieve temperature set points relatively quickly, meaning they do not run as 
often in a given period as properly sized units would.  

A duty cycle analysis of the pilot AC units revealed that, on average, ACs were only running 
about 60% of the time during the period when events would normally be called.16 Therefore, it 
seems reasonable that conducting an event to limit the ACs to run 50% of the time (i.e., the 
15/15 strategy) would only reduce demand by a limited amount. It appears that the offset 
strategies, however, do a better job of reducing load from ACs that may not be running very 
much to begin with. 

Free ridership from cycling strategies is not a new issue.  This can be addressed with technology 
that supports “adaptive cycling,” which delivers load reduction incremental to each home’s 
unique duty cycle baseline. The systems tested through this pilot did not have adaptive cycling 
capabilities. 

Applying a more aggressive cycling strategy is another option, but this would need to be 
balanced with customer comfort, especially because customers that do not have oversized units 
would disproportionately bear the brunt of this approach.  The 22.5/7/5 cycling was an example 
of this more aggressive cycling strategy, although the bump in savings it achieved relative to the 
15/15 cycling was relatively small (42% compared to 34%, or 39% compared to 36% on hot 
days), and was still substantially smaller than the offset savings.  

Precooling 

The intention of precooling is to cool customers’ homes to a temperature lower than normal in 
advance of an event, so that during the event the home can “ride out” the higher-than-normal set 
points longer before the AC needs to come back on.  This can potentially help keep customers 
more comfortable, as well as increase demand savings during the event.  In practice, whether 

15 Interestingly the demand impacts reported in LES’s 1984 study were substantially larger than the cycling impacts 
found for this pilot, likely due to changes in AC efficiency, sizing practices, etc., over the past 30 years.  See Lincoln 
Electric System Air Conditioner Load Management Pilot Project. LES, Lincoln, NE: 1984. Report R850562. 
16 The full details of the AC duty cycle analysis can be found in Appendix I. 
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Impact Analysis Results 

precooling achieves either of these goals is dependent on the thermal properties of the home—if 
the home is leaky, the main result of precooling will be increased overall electricity consumption 
with little comfort or demand reduction benefit. 

The results in Table 4-1 suggest that precooling is likely working as intended, in that higher 
impacts were achieved with the precooling compared to the offset control strategy. The 
snapback load increase also appears to be lower when precooling is used. 

From a net energy impacts perspective, the precooling does not increase net energy consumption 
of the ACs compared to the offset strategy—the two strategies have a similar small net energy 
decrease over the event and snapback periods. 

Snapback 

For each control strategy, a snapback period exists where demand increased relative to the 
baseload.  This period consistently lasted between 6:00 p.m. and midnight for all events, as well 
as for the events from hot days only. 

Somewhat surprisingly, the snapback is generally larger in the period from 8:00 p.m. to midnight 
than it is in the period right after the event, from 6:00 to 8:00 p.m. The only exception is with 
the switch 15/15 cycling.  In the case of the hot events only, greater snapback occurs in the 8:00 
p.m. to 12:00 a.m. period for all event strategies (although there were no hot temperature 15/15 
thermostat cycling events to evaluate).  It is not clear why this is the case, although it may be 
another issue with model fit. 

Despite the surprising results about exactly when the maximum snapback impacts occur, overall 
the general directional trend is as expected.  That is, greater event demand savings resulted in 
greater levels of snapback, with the exception, already discussed, of the precooled events.17 

Given that the LES system peak can occur between 5:00 and 6:00 p.m., it seems the event period 
should likely be shifted to avoid the risk of having the snapback contribute further to the system 
peak.  For example, the event period could be shifted from 4:00 to 7:00 p.m. Better yet, two 
groups could be created with staggered event start times (e.g., one at 3:00 p.m., the other at 4:30 
p.m.) so that the second group could be effective in diminishing the snapback of the first. 

Whether having event periods with later start times is reasonable from a customer comfort 
perspective needs to be further explored, given that events would likely start to run into the 
period when more customers would tend be home. 

17 It should be noted that the precool events also tended to be events where a 5- or 10-minute event-end 
randomization was applied, and no such event-end randomizations were used in any of the offset events.  The event-
end randomization function randomizes when the event ends for each customer over a specified period—5- or 10-
minutes in this case—starting at 6:00 p.m.  The function’s intended purpose is to reduce the instantaneous system 
peak that could arise if multiple ACs were to start at exactly the same time at the end of the event.  The 5- or 10-
minute event-end randomization could manifest itself as a slightly reduced snapback averaged over the period from 
6:00 to 7:00 p.m. (i.e., hour-starting 6:00 p.m.).  While it is possible that this could have also contributed to the 
reduced snapback observed for the precool events compared to the offset events, this effect would likely have only 
been present in the first hour after the end of the event.  Given that the diminished snapback with the precool events 
persisted beyond this time, the contribution of the event-end randomizations is likely negligible. 
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Impact Analysis Results 

Another implication of the above results is that precooling appears to work as intended, with 
little to no change to net energy impact, and should be considered as part of any event control 
strategy. 

Experimental Results 

As discussed in Section 2, the pilot had two parallel design structures—a quasi-experimental and 
an experimental design. 

The results presented thus far have been from the quasi-experimental analysis.  An experimental 
analysis was also performed using the eight randomized events (four in 2015 and four in 2016) 
where only a random 50-60% of each customer group was assigned to participate.  This 
“randomized events” approach is an example of a RCT, which are generally considered to be 
more rigorous than quasi-experimental approaches.  The parallel experimental analysis also 
provides a useful comparison to the quasi-experimental results. 

The details of the experimental analysis can be found in Appendix J, including a comparison to 
the quasi-experimental results.  In short, the analysis suggests that the experimental and quasi-
experimental results are similar, and that for the most part, the quasi-experimental estimates are 
generally more conservative than the experimental estimates. Given this, as well as the fact that 
the quasi-experimental analysis included a wider range of events, the quasi-experimental results 
have been chosen as the main impact results to report for the pilot. 

Opt-Out and Offline Analysis 

Communicating devices offer the opportunity to understand the availability and operation of 
customer-sited resources before and during demand response events. The DRMS-generated 
event participation reports along with the thermostat-level data were used to understand the rate 
at which customers opted out of events, as well as their connectivity levels. This analysis was 
performed for the thermostat customers only, given there were no opt-outs for the switch 
customers, and sought to answer the following questions: 

1. At what rate did customers opt out of events? 

2. How did opt-out rates vary with event control strategy (cycling vs. offset vs. precool)? 

3. How many customers opted out of events more than twice? 

4. What was the effect of event pre-notifications on customer opt-out rates? 

5. How many customers were offline or had non-responding thermostats during events? 

6. What was the attrition rate from one year to the next due to loss of internet connectivity? 

To answer these questions, thermostat customer event participation was classified in one of four 
categories: 

• Fully Participate: The customer did not opt-out or lose internet connectivity during the 
demand response event. 

• Opt-Out: The customer chose to opt-out of a demand response event. Note that the 
customer could opt-out before or during the event. 
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Impact Analysis Results 

• Offline: The thermostat was not sending or receiving signals to the DRMS. This is an 
indicator that it had lost internet connectivity. 

• Unknown: The status of the customer’s thermostat was unknown.  The DRMS indicated that 
the thermostat was either non-responsive but was not offline, or the DRMS had failed to 
identify the status of the thermostat. 
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Impact Analysis Results 

Table 4-4 contains the overall results per event. Note that Events 1 and 4, while excluded from 
the impact analysis for the reasons described above, were included in the opt-out/offline analysis 
given that the DRMS data appeared adequate.  Event 14, also excluded from the impact analysis, 
was excluded from the opt-out/offline analysis as well due to the system error that resulted in 
customers not receiving the event (and this is also evident from the anomalous participation 
results in 
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Impact Analysis Results 

Table 4-4).  Finally, Event 22 was also excluded based on an analysis that revealed a significant 
spike in offline customers between 5:30 and 5:45 p.m. (Figure 4-5).  While this event is not 
included in the averaged results for the opt-out/offline analysis below, its anomalous 
connectivity results are noteworthy nonetheless. 

Figure 4-5 
Customer connectivity for Event 22 (08/18/2016) 
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Impact Analysis Results 

Table 4-4 
Summary of 2015 and 2016 opt-out and offline reports for thermostat customers 

Event 
Number 

Date Strategy 
Max 
Temp 
(°F) 

Fully 
Participate 

Unknown 
Opt-
Out 

Offline 

1 7/31/2015 Cycling 93 87.6% 4.6% 0.5% 7.4% 

2 8/4/2015 Offset 87 82.6% 4.6% 6.4% 6.4% 

3 8/6/2015 Offset 81 86.9% 4.1% 3.3% 5.7% 

4 8/7/2015 Precool 93 80.8% 4.6% 6.8% 7.8% 

5 8/13/2015 Precool 89 80.4% 5.0% 8.2% 6.4% 

6 8/14/2015 Offset 91 72.9% 3.6% 16.4% 7.1% 

7 8/21/2015 Precool 86 80.6% 4.0% 9.7% 5.6% 

8 9/2/2015 Precool 93 77.7% 2.9% 10.1% 9.4% 

9 9/3/2015 Offset 95 76.7% 4.1% 14.2% 5.0% 

10 6/15/2016 Precool 101 74.6% 1.9% 9.6% 13.9% 

11 6/16/2016 Precool 98 71.5% 1.9% 6.1% 20.6% 

12 6/22/2016 Cycling 93 84.1% 1.9% 1.0% 13.0% 

13 6/24/2016 Cycling 92 70.9% 9.9% 1.4% 17.8% 

14* 7/5/2016 Precool 96 0% 100% 0% 0% 

15 7/20/2016 Precool 96 72.5% 1.4% 9.5% 16.6% 

16 7/21/2016 Precool 97 71.3% 1.4% 11.5% 15.8% 

17 8/1/2016 Cycling 99 81.0% 2.8% 1.9% 14.2% 

18 8/3/2016 Cycling 87 82.5% 3.3% 1.4% 12.8% 

19 8/10/2016 Cycling 90 82.5% 2.4% 1.4% 13.7% 

20 8/11/2016 Offset 94 72.3% 3.3% 11.3% 13.1% 

21 8/17/2016 Precool 96 71.1% 1.0% 15.5% 12.4% 

22* 8/18/2016 Precool 93 1.9% 2.9% 7.8% 87.4% 

23 9/6/2016 Precool 92 73.9% 1.8% 12.6% 11.7% 

24 9/7/2016 Precool 88 74.5% 2.7% 8.2% 14.5% 

25 9/20/2016 Offset 95 73.4% 2.0% 12.8% 11.8% 

26 9/21/2016 Precool 90 76.6% 1.9% 8.1% 13.4% 

* Excluded from the averaged opt-out/offline results 
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Figure 4-6 is a graphical version of 
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Impact Analysis Results 

Table 4-4, and Table 4-5 summarizes the key results by event control strategy. 

Figure 4-6 
Summary of 2015 and 2016 opt-out and offline reports for thermostat customers 

Table 4-5 
Summary of 2015 and 2016 opt-out and offline results by control strategy 

Customer Control Strategy 

Status Cycling Offset Precool 

Fully Participate 80.0% 77.5% 75.5% 

Unknown 3.8% 3.6% 2.6% 

Opt-Out 1.9% 10.7% 9.7% 

Offline 14.2% 8.2% 12.3% 

Opt-Out Analysis 
Participant opt-out rates were assessed by examining various metrics, including the differences 
in opt-out rates by event control strategy, when during event periods the opt-outs occurred, and 
the frequency of opt-outs each summer.  The effects of consecutive event days, maximum daily 
temperatures, and pre-notifications were also examined. 

Opt-Outs by Event Control Strategy 

Table 4-6 shows that the average proportion of customers opting out of the 15/15 cycling events 
(approximately 1%) was considerably less than the proportion opting out of the offset (10 to 
12%) and precool events (9 to 10%). The smaller proportion of customers opting out of cycling 
events potentially indicate that the cycling was not so aggressive as to affect customer comfort.  
One perspective is that the relatively low opt-out rates indicate the potential to move to more 
aggressive cycling strategies, although as noted above, demand impacts were relatively low for 
the cycling events and would likely not improve substantially with more aggressive cycling due 
to AC oversizing issues. 
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Impact Analysis Results 

Table 4-6 
Opt-out analysis by year and event control strategy 

2015 2016 

Average Max Min Average Max Min 

Cycling 0.5% 0.5% 0.5% 1.4% 1.9% 1.0% 

Offset 10.1% 16.4% 3.3% 12.1% 12.8% 11.3% 

Precool 8.7% 10.1% 6.8% 10.1% 15.5% 6.1% 

All Events 8.4% 16.4% 0.5% 7.5% 15.5% 1.0% 

In addition, there appears to be a 1 to 2% percent decrease in opt-outs when precooling was used 
(versus the offset strategy without precooling). Although not statistically significant, this does 
indicate that preconditioning the home may provide additional comfort for customers during 
events. 

Table 4-6 also shows a slight uptick in opt-out rates for each control strategy between 2015 and 
2016. This may be caused by an increase in average temperature, or the increase in the total 
number of events conducted (17 events in 2016 compared to 9 in 2015).  

When Opt-Outs Occurred 

Figure 4-7 illustrates when during the events customers opted out for each control strategy.  For 
the offset events, customers opted out at a fairly consistent rate throughout, except for a slight 
increase in opt-outs at approximately 5:15 p.m. for the 2016 events, likely when people were 
returning from work, school, etc. (although this is based on only two offset events in 2016).  

For precooling events, when customers opted out could indicate whether homes became too cold 
due to precooling or too warm due to the main event.  Figure 4-7 shows that the vast majority of 
customers that opted out of the precool events did so during the event itself, as opposed to during 
the precool period.  It is possible that this effect could have been caused by the variations in pre-
notification strategies, as customers were informed in advance of some events, but not others.  
Table 4-7 indicates that some customers did indeed opt out before the precooling period 
altogether, that some opted out during the precooling period, but that the vast majority opted out 
during the main event itself. 

Table 4-7 
Investigation into 2015 and 2016 precooling events 

2015 2016 Total 
Before Event 10 4 14 
During Precool 9 2 11 
During Event 54 110 164 
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Impact Analysis Results 

Figure 4-7 
Customer opt-out tracking during 2015 and 2016 events18, 19 

18 Data are normalized to exclude customers who were offline before and during the event. 
19 The top left graphic is for the single 15/15 cycling event in 2015; its load shape and load impact could not be 
assessed as there was an outage of the thermostat-level data for that event. 
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Impact Analysis Results 

Frequency of Opt-Outs 

The number of events that customers opted out of was also tracked (Figure 4-8).  Most customers 
that opted out did so only once or twice, making them eligible for the $25 incentive in both 2015 
and 2016.  If a participation incentive structure is chosen again, it will be important to investigate 
how this or other possible structures would affect load reduction. 

Figure 4-8 
Number of customer opt-outs by year 

Effects of Events on Consecutive Days 

Three pairs of events were examined to investigate whether customers became fatigued when 
events were called on consecutive days.  Each event pair used a precooling strategy (there were 
no offset or cycling events held on consecutive days). Table 4-8 compares the relative opt-out 
rates (meaning normalized to remove thermostats that were offline or for which the status was 
unknown). The results do not provide strong evidence that customers became fatigued by the 
consecutive event days, although it is important to note the limited sample size, as well as the 
variations in maximum temperature associated with these events. 

Table 4-8 
Investigating attrition caused by events called on consecutive days 

Preceding Event Succeeding Event 

Event Date 
Max. 

Temp (°F) 

Relative 
Opt-Out 
(%) 

Event Date 
Max. 

Temp.(°F) 

Relative 
Opt-Out 
(%) 

12 6/15/2016 101 11.4% 13 6/16/2016 98 7.8% 

19 7/20/2016 97 11.6% 20 7/21/2016 99 13.9% 

28 9/6/2016 92 14.6% 29 9/7/2016 88 10.0% 
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Impact Analysis Results 

Effects of Maximum Daily Temperature 

Figure 4-9 shows the relationships between opt-out rates and maximum daily temperatures for 
each control strategy.  Although this is based on a relatively small number of events over a 
limited temperature range, especially for the cycling and offset events, some relationships 
emerge. In particular, the offset strategy exhibits a readily apparent positive relationship, while 
the relationships for the cycling and precooling strategies are only slightly positive. 

For cycling, this suggests that customer inconvenience did not increase substantially with 
temperature, although again, given the low average impact results for cycling, this is perhaps not 
surprising. 

Comparing the precooling and offset results, this may be further evidence that the precooling is 
effectively helping customers stay comfortable during the main event period, even on hotter days 
(although note there were no offset events called on very hot days, with maximum temperatures 
of 95°F or greater). 

Figure 4-9 
Linear regression plots: opt-out rate vs. max temperature 

Effects of Pre-Notifications 

Between 2015 and 2016, five different types of pre-notifications were provided in advance of the 
events, including two days before the event days, the evening before, and three and five hours 
before the events, respectively. In some cases, no pre-notifications were provided at all (the 
specifics are listed in Table 2-4 and Table 2-5).  An analysis was attempted by controlling for 
other important variables, such as the event control strategy, but this resulted in limited sample 
sizes per pre-notification type, which made it difficult to discern the effects of pre-notification on 
opt-out rates. 
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Impact Analysis Results 

Offline Analysis 
The offline analysis focused on whether customers were offline or their thermostats were non-
responsive during events.  The results are summarized in Table 4-9, and suggest there appears to 
be minimal variations attributed to event control strategies. 

Table 4-9 
Offline analysis for 2015 and 2016, thermostat customers 

2015 2016 

Average Max Min Average Max Min 

Cycling 12.0% 12.0% 12.0% 18.4% 27.7% 14.9% 

Offset 10.2% 11.0% 9.1% 15.1% 16.4% 13.8% 

Precool 11.4% 12.3% 9.7% 16.6% 22.4% 13.4% 

All Events 10.9% 12.3% 9.1% 17.0% 27.7% 13.4% 

However, there is a considerable difference in customers that were offline, non-responsive or 
unknown between 2015 and 2016.  Table 4-10 shows there was an increase of approximately 
seven percentage points between 2015 and 2016 in customers that were offline on event days. It 
is important to note that before the 2016 event season, the technology partner reached out to 
thermostat pilot participants that were offline before the event season began. Other studies have 
shown that a utility can expect approximately 6 to 10% customer attrition due to loss of 
broadband connectivity. When running a multi-year connected device program that relies on 
customer-owned broadband, utilities should prepare for participant loss due to attrition, and 
weigh the costs and benefits of either re-enrolling new customers into the program, or trying to 
reconnect existing customers. 

Table 4-10 
Customer offline analysis by DR Season, thermostat customers 

2015 (Average) 2016 (Average) 

Offline 6.8% 14.4% 

Unknown 4.2% 2.6% 

Totals 10.9% 17.0% 

In addition to knowing the overall proportion of customers offline, it is also important to 
understand when customers lost connectivity. Aggregated results are shown in the six charts 
comprising Figure 4-10. These suggest limited attrition/loss of customers due to broadband 
connectivity issues in that only two to four percent were dropped off during events.  (In contrast, 
recall that Event 22 was removed from this analysis, and for that event, more than 50% of 
customers experienced a loss of internet connectivity around 5:30 p.m.) 

The 2015 and 2016 charts in Figure 4-10 also illustrate the difference in the proportion of 
customers online at the start of the events, another proxy for customer attrition from one year to 
another that is reflected in Table 4-10. 
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Impact Analysis Results 

Figure 4-10 
Customer offline tracking by control strategy for 2015 and 2016 seasons 
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Impact Analysis Results 

The number of events for which customers were offline at any time during the event was also 
tracked (Figure 4-11). The results suggest that a majority of customers were offline for one to 
two events in both 2015 and 2016, although substantially more in 2016 compared to 2015. 

Figure 4-11 
Number of events in which customers were offline (at any time during event), 2015 and 
2016 

Summary 
The following summarizes the opt-out and offline analyses performed using thermostat and 
DRMS report data: 

1. At what rate did customers opt out of events? 

Results from this assessment show average opt-out rates between 1 and 12%.  Opt-out rates 
depended primarily on the control strategy type, and in the case of the offset events, potentially 
on outdoor temperatures as well.  

2. What were the differences in opt-out rates based on event control strategy (cycling vs. offset 
vs. precool)? 

The average opt-out rate for the 15/15 cycling strategy was in the 1% range, for the offset 
strategy it was in the 10 to 12% range, and for the precooling strategy it was in the 9% range. 
Considering the relatively low demand impacts for the 15/15 cycling (compared to either the 
offset or the precool strategies), the relatively low opt-out rates are not surprising given AC 
operation was not affected as much.  

3. How many customers opted out of events more than twice? 

Data from this pilot show that customers may be influenced by the incentive, since a majority of 
those who chose to opt-out did so no more than two times. 

4. What was the effect of event pre-notifications on customer opt-out rates? 

Unfortunately, this could not be answered given the limited number of events with varying pre-
notifications for given control strategies, temperature conditions, etc.  
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Impact Analysis Results 

5. How many customers were offline or had non-responding thermostats during events? 

Approximately 11% of customers were offline, non-responsive, or unknown during the first year 
of the pilot.  This rate increased to 17% in 2016 as customer attrition occurred as a result of 
connectivity loss. 

6. What was the attrition rate from one year to the next due to loss of internet connectivity? 

The proportion of customers that suffered from a loss of internet connectivity increased by 
approximately seven percentage points between 2015 to 2016, which is consistent with 
connectivity losses reported in other studies. 
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5 
EVENT VERIFICATION USING DEVICE-LEVEL DATA 

The availability of granular, device-level data was extremely useful in this pilot, not only to 
provide data for the impact analysis, but also to help identify problems with the way events were 
being conducted.  In fact, in some cases, had it not been for the device-level data, the problems 
may never have been uncovered. This section details three issues in particular: that the 20/10 
cycling strategy was likely being conducted in reverse; that the switches were being cycled in 
exact unison, causing a potentially problematic saw tooth load shape; and that the first 
precooling event was likely not conducted properly with the thermostat customers. 

20/10 versus 10/20 Cycling (Switch Customers) 

As described in Section 2, the analysis revealed that the 20/10 cycling events were likely 
conducted instead as 10/20 events, meaning outdoor compressors were cycled off for 10 minutes, 
followed by a 20-minute period where they were able to run as needed. 

While a traditional impact analysis using hourly or 15-minute premise-level data would have 
resulted in relatively low impacts indicating that something was wrong, having more granular 
five-minute data helped to identify the cause of the issue. Figure 5-1 shows the timing of the 
events, and how the compressor appears to come back on slightly sooner with the 10/20 event 
(the green line) compared to the 15/15 event (the blue line).  

Figure 5-1 
Compressors coming back on sooner in each 30-minute period for 10/20 vs. 15/15 events 

This also bears out in the impact analysis results, as the 20/10 impacts were lower than the 15/15 
or 22.5/7/5 impacts (Table 5-1). Once identified, this was corrected mid-way through 2016, and 
the 20/10 strategy was replaced with a 22.5/7.5 strategy. 
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Event Verification Using Device-level Data 

Table 5-1 
Switch impacts summary including unintended 10/20 strategy (quasi-experimental) 

Event 
Control 
Strategy 

Num of 
Events 

Ave 
Max 
Temp 
( ° F) 

Load Impact Results per Customer 
kW (%) 

Net Energy Impacts 
kWh (%) 

Precool 
1-3pm 

Event 
3-6pm 

Snapback 
6-8pm 

Snapback 
8pm-12am 

3pm-12am Daily 

Switches 

10m off/ 
20m on 

(unintended) 
5 91 N/A 

-0.24 

(-20%) 

+0.21 

(+18%) 

+0.08 

(+10%) 

+0.05 NS 

(+0%) 

-0.27 NS 

(-2%) 

15m off/ 
15m on 

10 95 N/A 
-0.49 

(-34%) 

+0.29 

(+20%) 

+0.16 

(+15%) 

-0.26 NS 

(-2%) 

+0.22 NS 

(+1%) 

22.5m off/ 
7.5m on 

7 92 N/A 
-0.53 

(-42%) 

+0.31 

(+24%) 

+0.18 

(+20%) 

-0.23 NS 

(-2%) 

+0.32 NS 

(+2%) 

Notes: 

All kW and net kWh impacts are significant at the 95% level unless listed as NS (not significant). 

Saw Tooth Cycling (Switch Customers) 

The five-minute switch data also revealed that the switches seemed to be cycling exactly in 
unison (Figure 5-2, left side).  This would not have been identified with hourly data, as the 
traditional DR “notch” still appears (Figure 5-2, right side), and the average load impacts would 
be similar.  However, such a saw-toothed pattern across a customer population could possibly 
defeat the purpose of a DR program from a system perspective, as high peak loads are still 
occurring (just for a shorter period of time). 

Figure 5-2 
Switch cycling load shape using five-minute data (left) and one-hour data (right) 

Once the problem was identified, it was easily remedied by randomizing the event start for the 
switch customers.  This began as of Event 17 (which was also when the 22.5/7.5 events started). 
Figure 5-3 shows 15/15 cycling on Events 14 and 19, before and after the event start time 
randomization was enabled (top and bottom, respectively).  The saw tooth pattern is noticeably 
diminished. 
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Event Verification Using Device-level Data 

Event 14 (Jul 5, 2016) 
15/15 

Max Temp: 96F 

Event 19 (Aug 10, 2016) 
15/15 

Max Temp: 94F 

Figure 5-3 
15/15 switch cycling without (top) and with (bottom) event start randomization 

Issues with the First Precooling Event 

An initial 2015 analysis revealed that the first precool event was likely not implemented 
consistently across all participants.  Figure 5-4 is a “heat map” comprised of all the thermostat 
customers’ set points for that day.  Darker lines mean a higher concentration of customers with 
those set points.  The Y axis is the difference in set point relative to the set point just before 1:00 
p.m. for each customer, which is why there is a dark grey horizontal line at 0°F up to 1:00 p.m. 
(Note as well there is a dark grey line at +1°F, although it is not clear why.) 

The heat map suggests that many customers appear to have an offset profile of -3°F at the 
beginning of the precool period at 1:00 p.m. until 3:00 p.m., as indicated by the dark grey line.  
There is also a cohort of customers at -2°F during this time, likely corresponding to the 
customers that started at +1°F.20 

Then, at the beginning of the event period at 3:00 p.m., there is a 3°F increase relative to the 
precool set point, instead of 3°F relative to the customer’s 3:00 p.m. set point. This is indicated 
by the thick dark grey horizontal line at 0°F from 3:00 to 6:00 p.m. (There also appears to be a 
dark grey line at 1°F, again, likely corresponding to the customers that started +1°F at 1:00 p.m.)  

20 There is also an unexplained “blip” around 1:30 p.m.  It appears to be present for the other 2015 precool events as 
well (Figure 5-5 through Figure 5-7). 

5-3 



 
 

 

   
       

   
  

    

     
     

  
     

  

      
  

      

 
    

     
      

   
   

 

  
  

 
  

  
  

    

Event Verification Using Device-level Data 

If the event was implemented consistently across all customers, Figure 5-4 should show a dark 
grey line mainly at +3°F between 3:00 and 6:00 p.m. 

Instead, if it is true that some customers had their set points changed by +3°F relative to the 
precool set point, this would in effect set the temperature back to the customer’s normal 3:00 
p.m. set point, resulting in little additional load shed from the event. 

Then, at the end of the event period at 6:00 p.m., some thermostats appear to shift -3°F relative 
to the event set point (instead of shifting back to the customer’s regular 6:00 p.m. set point).  
This is indicated by the thick dark grey horizontal line at -3°F from 6:00 p.m. onwards (again, 
there is also a dark grey line at -2°F).  This would have the effect of increasing load from 6:00 
p.m. onwards indefinitely. 

Figure 5-4 
Thermostat set point heat map for first precooling event day (Event 4, August 7, 2015) 

A set point analysis of the other 2015 precool events was also performed.  The second precool 
event (Event 5, Figure 5-5) appeared to be better than the first precool event (Event 4), albeit 
with some anomalies, and the third and fourth precool events (Figure 5-6 and Figure 5-7, 
respectively) appear in line with what was expected.  In the end, only Event 4 was removed from 
the impact analysis based on the rationale that the event was not conducted as intended across all 
customers. While it is possible that the inconsistent set point patterns during Event 4 could have 
been a result of something other than how the event was called, it is not clear what that could be. 

In summary, the 10/20, saw tooth, and precool issues were all identified because of access to 
device-level data.  They were all identified in the data preparation stage well after the events 
were conducted, although device-level data were also used more immediately via ad hoc 
analyses to verify that test events were occurring. Regardless, once it is known what to look for, 
DR diagnostic and verification tools that make use of real-time device-level data can be 
developed to support DR system operators.  While it is still early days, DR verification use cases, 
and other potentially beneficial use cases of device-level data, will continue to develop. 
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Event Verification Using Device-level Data 

Figure 5-5 
Thermostat set point heat map for Event 5 (August 13, 2015) 

Figure 5-6 
Thermostat set point heat map for Event 7 (August 21, 2015) 

Figure 5-7 
Thermostat set point heat map for Event 8 (September 2, 2015) 
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6 
INSIGHTS FROM PILOT CUSTOMERS 

The impact analysis results are only one part of the pilot story. It is equally important to 
understand how customers felt about their overall experiences with the program.  This section 
presents customer feedback about the pilot by examining the data obtained via the customer 
surveys. The following results are from the most recent survey, which was fielded in October 
and November 2016, just after the end of the second summer season.  By this time, customers 
had been a part of the pilot for more than 16 months. Where relevant, results are compared to 
those from the fall 2015 survey. 

Customer Feedback Regarding Events 

Customers were asked about various aspects of how they experienced the events, and it is worth 
noting that customers experienced more events in 2016 than in 2015. It is also worth noting 
again that thermostat and switch customers experienced the events rather differently. 

Thermostat customers were sent event notification messages, and could opt out of events via 
different channels.  Switch customers received no event notifications, and could only opt out via 
the program hotline.  Furthermore, thermostat customers mostly experienced events involving 
temperature offset control strategies (with and without precooling), whereas switch customers 
only experienced cycling events.  As discussed in Section 4, this led to differences in the amount 
of time that customers’ air conditioners ran during events, as evidenced by the difference in load 
shed between the groups. 

Given these differences, it is perhaps no surprise that the customer feedback about the events is 
quite different between the two cohorts. 

For example, 87% of switch customers did not recall experiencing any events at all, compared to 
only 12% of thermostat customers (Figure 6-1). 

For customers that recalled events, most said they were at home for at least some of them—92% 
and 73% for thermostat and switch customers, respectively.  Of those, about three-quarters of the 
thermostat customers and half the switch customers said their comfort was affected by the events 
at least some of the time (Figure 6-2).  In 2015, this proportion was similar for thermostat 
customers, but only about a quarter of switch customers felt their comfort was sometimes 
affected.  However, considering the small denominators, this translates to only six and three 
switch customers in 2016 and 2015, respectively. 
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Insights from Pilot Customers 

Figure 6-1 
Recall of frequency of events 

Figure 6-2 
Whether comfort was affected during events (results only for those home for at least some 
events) 

In 2016, most thermostat events involved precooling.  Only about a quarter of thermostat 
customers reported noticing any precooling (27%, N=84), although this was an increase from 
2015 (18%, N=110).  

Rather, for those thermostat customers who felt their comfort was sometimes affected, the 
majority said the issue was that it got too hot (Figure 6-3). It is worth noting that eight 
percentage points of the “Other” category in Figure 6-3 were customers that noticed the change 
in temperature, but were not bothered by it. 
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Insights from Pilot Customers 

Figure 6-3 
How comfort was affected for thermostat customers (N=64) 

Customer Perceptions about the Smart Thermostat 

Given the nature of the technology, switch customers likely had little to no interaction with their 
device. This was not the case with thermostat customers, so they were asked various questions 
about how their household used the thermostat, and what they thought of it. 

Satisfaction Levels 
Overall, people reported being satisfied with their thermostats, and rated it 9.0 on a scale of 0 to 
10 (very dissatisfied to very satisfied—Figure 6-4).  Customers also generally felt they would 
recommend the thermostat to others. 

Figure 6-4 
Overall satisfaction with the thermostat/likelihood to recommend to others (N=104) 
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Insights from Pilot Customers 

When asked about the various thermostat interfaces, a significant proportion said they did not 
use the online portal (41%), and to a lesser extent, the smart phone app (12%).  For those that did 
use each of the interfaces, satisfaction was again quite good, although the wall unit and smart 
phone app beat out the online portal (Figure 6-5). 

Figure 6-5 
Satisfaction with the thermostat interfaces 

Interfaces Used Most Often 
While a key benefit of connected thermostats is online access, for these pilot customers the unit 
on the wall remains the interface where they interact with their thermostats most frequently, both 
to glance at it, as well as to make changes (Figure 6-6).  About a third of customers said they 
look at their wall unit every day or more, and 6% reported making changes via the wall unit that 
frequently. 

While a much smaller number said they look at their smart phone app as often as daily (8%), the 
proportion that make changes via their app this often is similar (4%).  Indeed, the app appears to 
be in second place regarding frequency of use, with two-thirds looking at it at least a few times a 
month, and just under a half (43%) making changes that frequently.  

Customers reported that they access the online portal the least frequently, and just over two-
thirds reported seldom or never looking at it, compared to 9% for the wall unit, and 26% for the 
smart phone app. 
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Insights from Pilot Customers 

Figure 6-6 
How often customers interact with thermostat and where (N=105) 

Compared to Your Previous Thermostat… 
Customers were asked about their smart thermostat as compared to their previous thermostat in 
relation to a number of traits (Figure 6-7). The smart thermostat was the clear winner, and 
appears to invoke more interaction with the customer and with members of the overall 
household. 

Figure 6-7 
Smart thermostat compared to previous thermostats (N=104) 

Noticing the Notifications 
Unlike the switch customers, the thermostat customers could be notified in advance of and 
during events.  As mentioned previously, an alert was displayed on the wall unit during events, 
and a pre-notification could be sent to alert customers via the wall unit before events as well. In 
all cases, the customer would need to be looking at the thermostat or have the smart phone app or 
online portal opened to see the notifications.  
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Insights from Pilot Customers 

Just over half the respondents said they recalled seeing a pre-notification in advance of an event, 
(53%, N=91), and the majority of those people saw it on their thermostat screen (Figure 6-8). 

Figure 6-8 
Where did you notice the pre-notification message? (N=48) 

Wi-Fi Connectivity 
Given their near ubiquity across much of North America, home Wi-Fi networks represent an 
opportunity for utilities to offer DR-related products and services to customers.  The challenge is 
that this potential DR resource would only be as reliable as the customers’ Wi-Fi connections.  

When asked about their experiences with Wi-Fi connectivity, just over a third of customers said 
that they experienced their thermostats becoming disconnected (Figure 6-9). Of those, about half 
said they had experienced disconnection only once or twice since they had received their 
thermostat, and the remainder experienced issues more frequently than that (Figure 6-10). 

Figure 6-9 
Problems with thermostat becoming disconnected from Wi-Fi (N=105) 
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Insights from Pilot Customers 

Figure 6-10 
Frequency of Wi-Fi connectivity problems (N=39) 

There was a mix of opinions regarding how easy it was to reconnect the thermostats back to the 
Wi-Fi network when disconnections occurred.  About a third of customers expressed it was 
difficult (Figure 6-11), and the average “ease of reconnection” score was a relatively low 5.5.  
Furthermore, a third of customers said they required the hotline at least some of the time to help 
them reconnect. 

Figure 6-11 
Ease of reconnecting the thermostat to Wi-Fi after connectivity problems (N=39) 

Effect of the Smart Thermostat on Programming Behavior 
Programmable thermostats lost their ENERGY STAR designation in 2009 due in part to research 
suggesting that people were not programming them because they were too difficult to use.21 

With smart thermostats came the hope and the hypothesis that their purported ease of use would 
lead to an increase in programming behavior.  

The pilot customers were asked about their thermostat programming behavior before and after 
they had their smart thermostat or their AC switch installed. Figure 6-12 shows the results for 

21 Meier, A., C. Aragon, B. Hurwitz, T. Pfeffer, M. Pritoni, “How People Actually Use Thermostats,” Paper 
presented at the 2010 ACEEE Summer Study on Energy Efficiency in Buildings, Pacific Grove, CA 
(August 2010). http://aceee.org/files/proceedings/2010/data/papers/1963.pdf 
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Insights from Pilot Customers 

customers that reported having a programmable thermostat before the pilot began. The results 
suggest a lift in programming behavior from the customers that received a smart thermostat, and 
no such lift from the switch customers, who are shown here for a reference. While this is still 
not infallible proof that the smart thermostats caused the lift (because the switch customers are 
not a randomly selected Control Group for the thermostat customers), it still provides some 
evidence that this may be happening.22 

Figure 6-12 
Change in thermostat programming behavior 

Feedback on the Program Overall 

Both thermostat and switch customers were generally happy with their program experience, with 
average satisfaction levels of 8.8 and 9.2, respectively, on a satisfaction scale of 0 to 10 (Figure 
6-13). A higher proportion of switch customers chose 10 compared to thermostat customers (and 
the difference is statistically significant at the 95% level).  The difference in average satisfaction 
between 2016 and 2015 was not statistically significant for either group. 

22 Whether the lift in programming behavior actually leads to energy savings is a separate question not addressed 
here. 
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Insights from Pilot Customers 

Figure 6-13 
Overall satisfaction with the program 

When asked what they would like to see improved about the program, only 32 and 24 thermostat 
and switch customers responded, respectively (Figure 6-14). For both groups of respondents, 
most suggested more advanced notifications regarding events would be nice.  For example, one 
thermostat customer said “I would have liked to have gotten pre-notification on cycling events 
on my phone but never did.”  A switch customer said “…I had to call to find out what was 
actually going on during "cycle events."” 

Figure 6-14 
Suggested program improvements 
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Insights from Pilot Customers 

Some thermostat customers wanted more instruction or training, although this was not mentioned 
as an issue with the switch customers.  Interestingly, some switch customers asked for the study 
results, whereas no thermostat customers did.  

Some of the “program design changes” suggested by the switch customers included applying the 
incentive to the monthly bill (versus the gift card), offering lower electricity rates during event 
periods, or having shorter events but more frequently. 

A few thermostat customers said they’d like to see more device features (e.g., ability to see 
energy used), and that the wall unit was not user friendly (e.g., print too small, too complicated). 

Some of the “negative” comments reflected device problems for thermostat customers (unit did 
not work or communicate with their phone), and a delayed mail survey for one switch customer. 

Finally, a few thermostat and switch customers suggested “increased customer involvement,” 
which for the most part meant they would “…like to see more homes and businesses involved 
with the program,” and another customer suggested there should be more of an effort to let the 
public know about the program. 
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7 
SUMMING UP AND MOVING FORWARD 

The results from the pilot have provided several learnings relating to demand impacts, customer 
reactions, technology infrastructure and operability, and considerations for a full-scale program. 
It should be noted that the results presented here reflect the specific circumstances observed in 
the LES pilot. That is, they are for customers living in LES’s service territory (with its specific 
climate characteristics), who volunteered to be a part of the pilot, who live in single family 
homes, etc. The results may not be indicative of other climatic conditions or customer 
circumstances. 

Demand Impacts 
For the thermostat customers, the set point offset control strategies resulted in AC-level demand 
savings ranging from 1.20 to 1.22 kW (63 to 68% of AC baseload), without and with precooling, 
respectively.  These offset strategies outperformed the 15/15 cycling strategy, which resulted in 
0.37 kW savings (22%).  Precooling appeared to be effective in that event demand savings were 
greater compared to the offset strategy, snapback after the event was reduced, and the overall net 
energy consumption was similar. 

Cycling was the only control strategy available for switch customers, and impacts ranged from 
0.49 to 0.53 kW (34 to 42%) for 15/15 and 22.5/7.5 cycling, respectively. While these impacts 
are larger than those for the thermostat 15/15 cycling strategy, they are still lower than expected. 
This may have been in part due to relatively mild weather, particularly for the 2015 events, 
although an analysis of only the hottest event days also resulted in relatively low cycling impacts 
compared to the offset strategies.  More likely, the offset strategy does a better job of reducing 
load consistently across all customers’ AC units, including those that may not be running very 
much to begin with because they are oversized.  While “adaptive cycling” switch technology 
exists that can account for this “free-ridership,” the pilot switches did not have this capability. 

For each control strategy, a snapback period exists where demand increases relative to the 
baseload after the events end.  This period lasts consistently between 6:00 p.m. and midnight for 
all event control strategies.  The snapback effect increases with increased event load impacts, 
except when events are preceded by precooling, which appears to diminish the snapback effect. 

Customer Reactions to the Program 
Approximately 2% of the customers that were provided the pilot offer enrolled and had a device 
successfully installed.  Most customers chose the thermostat over the switch.  This 2% rate was 
lower than expected given that a neighboring utility had a response rate for their switch program 
in the 12-15% range.  The low response rate may have been in part due to some initial call center 
capacity constraints, although it compares reasonably well with other similar pilots. 
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Summing Up and Moving Forward 

When those participating were surveyed about their experiences with the program, customers 
were generally happy, with average satisfaction levels of 8.8 and 9.2 for thermostat and switch 
customers, respectively. Average satisfaction levels were slightly higher compared to the fall 
2015 survey results, for the switch cohort in particular. 

The thermostat and switch customers experienced the program somewhat differently.  For 
example, thermostat customers could receive event notifications via their thermostat, app, or web 
portal, and could opt out of events via any of these channels; switch customers did not receive 
any event notifications, and could only opt out by calling the program hotline.  Furthermore, 
thermostat customers provided more load shed than switch customers.  Likely related to this, 
87% of switch customers that responded to the survey did not recall experiencing any events at 
all, compared to only 12% of thermostat customers. 

Approximately two-thirds of the thermostat survey respondents and 5% of the switch survey 
respondents said their comfort was affected by events at least some of the time.  Although most 
thermostat events in 2016 involved precooling, only about a quarter of thermostat customers 
reported noticing any precooling.  In fact, of those who felt their comfort was sometimes 
affected, the majority said the issue was that it got too hot.  

When asked about their experiences with Wi-Fi connectivity, just over a third of thermostat 
customers said they had experienced their thermostats becoming disconnected, and of those, just 
under a half experienced disconnection at least a few times a month.  Of those who had 
experienced disconnection, about a third expressed that reconnecting was difficult, and the 
average “ease of reconnection” score was a relatively low 5.5 (out of 10). 

A connectivity analysis using data from the demand response management system (DRMS) 
suggests that customer attrition due to internet connectivity loss between 2015 and 2016 was 
approximately 7%.  This figure includes an effort before the 2016 cycling season to reach out to 
customers whose thermostats had gone offline. 

Data from the DRMS was also used for an opt-out analysis, with some of the results validating 
the survey results.  In particular, during precool events, most opt-outs occurred during the offset 
or main event period as opposed to during the precooling period. 

In addition, more thermostat customers opted out during offset and precool events (10 to 12% 
and 9 to 10%, respectively) compared to during 15/15 cycling events (approximately 1%). 
Given the lower demand impacts with the thermostat cycling strategies, it stands to reason that 
these events were not as noticeable to customers. 

Thermostat customers experiencing events did not appear to suffer from “event fatigue” during 
consecutive event days, although this could only be assessed with the precool events. Finally, 
more extreme weather did not seem to affect the cycling and precool opt-out rates, although it 
did appear to increase opt-outs for the offset events. 

Technology Infrastructure and Operability 
There were several learnings from a technology infrastructure perspective. In short, it is still 
early days for many new two-way communicating technologies, and this can manifest itself 
through technology and communications infrastructure that do not quite work as intended.  
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Summing Up and Moving Forward 

For example, the Wi-Fi switches were somewhat problematic in that they often lost connectivity, 
and there was no easy way for the customer to reconnect them by themselves. Findings from 
other pilots suggest that re-provisioning to a customer’s Wi-Fi network is the main cause for 
customer requests for technical support. 

Using devices that rely on customer Wi-Fi networks meant the need for call center support to 
encourage customers to reconnect if they had been offline for some time.  It also meant that call 
center and field support staff needed expertise relating to customer Wi-Fi networks, which has 
traditionally not been required of field support staff. 

A key pilot objective was to have the DRMS operate all three devices.  The thermostats were 
operated by the DRMS, although initial configuration issues led to deployment delays.  The 
cellular switches, however, were never able to be integrated.  The Wi-Fi switches were also 
never integrated, although internet connectivity issues ultimately led to their replacement with 
cellular switches, anyway. 

Even once the DRMS was operational, several thermostat and switch events appear to have not 
been conducted as intended.  The employee test group and the device-level data were 
instrumental in uncovering and troubleshooting these issues. 

Much of the technology eventually worked as intended. There will always be learning periods 
with new technologies, and the generally positive demand impacts and customer reactions likely 
warrant weathering some of these inevitabilities. What is important is to anticipate them in 
budgets and timelines, and to proceed accordingly. 

Recommendations Going Forward 

Delivering a first rate enabling technology program to customers requires the substantial 
coordination of multiple systems and stakeholders.  This pilot provided first-hand experience 
regarding what would be involved for a full-scale program.  Based on the pilot learnings, 
recommendations for a full program include: 

DR Technology and Event Strategies 
1. Using enabling DR technologies that support temperature offset control strategies or 
“adaptive cycling” (which controls for baseline runtimes of individual AC units). Such 
strategies are useful in more moderate climates like LES’s, or in regions where AC units tend 
to be oversized or sized for a peak temperature that occurs once every few years.  In such 
areas, devices that use cycling strategies without controlling for baseline AC runtime would 
likely not substantially reduce runtime operation.  Devices that support thermostat 
temperature offsets or adaptive cycling would likely do a better job of obtaining load shed 
across the population. 

2. Using precooling prior to events to obtain greater load reduction during events and 
reduced snapback after events. 

3. Further reducing snapback by developing random sub-groups of customers to improve 
load shed performance characteristics. For example, by developing two sub-groups that 
have staggered event start times (say one at 3:00 p.m., the other at 4:30 p.m.), the second 
group could be effective in diminishing the snapback of the first. Most DRMSs are capable 
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Summing Up and Moving Forward 

of this function, although this should be built into the Request for Proposal (RFP). Also, 
appropriate customer outreach and education would be required, accordingly. 

4. Incorporating a base level of attrition due to connectivity loss into measures of program 
cost effectiveness. In addition, the risk and reward for any form of outreach to entice 
customers back online should be evaluated. 

5. Assessing the usability of the customer-facing technology. If possible in the RFP/Request 
for Information (RFI) stage, obtain device samples and demonstrations of their companion 
portals and/or apps.  Experience and assess how customers would use the devices for day-to-
day tasks (e.g., programming, changing set points) as well as during events (e.g., 
notifications, opt-outs). 

Customer Recruitment and Customer Choice 
6. Allowing for recruitment and enrollment options. The learnings and best practices from 
other full-scale programs should be used to develop an appropriate mix of recruitment and 
enrollment channels that may appeal to a broader range of customers.  Marketing material 
content should also be tested with customers to assess how well messaging resonates, 
impacts on response rates, etc. (e.g., a simple test to discern impacts of “simple” versus 
“glossy” marketing materials.) 

7. Offering a reasonable range of technology choices to suit different customer needs. In 
this pilot, demand savings were higher for the thermostat customers compared to the switch 
customers, but there was still a demand for the switches nonetheless (and this may have been 
even greater if installation appointments were not necessary, which is the norm for most 
switch programs, but was not possible with the pilot).  Designing a program that allows for 
choice in technology type and brand can potentially appeal to a wider range of customers 
with different tastes, schedules, and price points, and can also build in system flexibility to 
help contend with quickly changing technology markets.  

8. Designing other elements of choice into the utility program design. This could include 
offering programs with different event period windows (which could complement point 3 
above), different incentive levels depending on the event period, different enrollment channel 
options, or different program delivery models.  For an example of the latter, consider a 
hybrid Bring Your Own Device (BYOD) /direct install (DI) program, where incentives 
ratchet up as levels of customer self-service increase.  Hybrid program delivery can appeal to 
a wider range of customers, and also help utilities monitor which program models work best. 

9. At the end of the day, keep it simple. For utilities, the downside of offering customer 
choice is technological complexity, additional requirements for a platform and services, and 
possibly cost. For customers, the risk is that too much choice or complexity could deter 
participation.  As with everything, balance is needed.  

Device-level Data 
10. Building device data requirements into program RFPs. Especially in the absence of AMI 
data, device-level data was critical in this pilot to verify event operations, estimate demand 
impacts, and better understand the reasons for those impacts.  The importance of device-level 
data is often not apparent at the beginning of a vendor engagement process, although its 
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Summing Up and Moving Forward 

value can become apparent over time.  It is therefore critical that the provision of device-
level data is included in program RFPs. 

11. Developing quick-check diagnostic tools that make use of device-level data. Even simple 
spreadsheet-based tools can be developed to run on samples of data to verify event 
operations, and check for data outages so that problems can be identified and addressed 
sooner rather than later. 

12. Considering pay-for-performance approaches. Such approaches, enabled by increased 
data availability, reward customers directly based on the level of load shed they achieve 
instead of default payments.  This could help eliminate free ridership, making programs more 
cost-effective. 

Working with Project Partners 
13. Working towards standardized best practices for program RFPs. The pooled 
experience from the EPRI collaborative and other efforts has shown that a few key details 
can significantly affect program performance. For example, obtaining data from devices, 
having the ability to correlate login information with utility billing records, and access to 
aggregated device operation. 

14. Conducting quality assurance audits of partner activities that directly touch the 
customer. A pre-defined audit procedure should be incorporated into partner contracts to 
ensure quality and respectful customer interactions.  This procedure should preferably allow 
for random over-the-phone audits or in-person visits to call center facilities. It is also 
recommended that LES be a part of in-person training sessions with customer service 
representatives to help convey program objectives and instill that they are extensions of LES. 

15. Using local resources and utility managed programs versus turnkey systems, if possible. 
Smart thermostat solutions exist where the utility can procure thermostats directly and utilize 
a basic DRMS packaged with the thermostats.  Such systems work well with BYOD or DI 
implementation approaches, and if the utility can train local contractors to deploy these 
thermostats, the program can be more cost-effective, plus the utility retains significantly 
more control over the customer experience. 

16. Using test groups of LES employees, or even customer “friendlies” that like being part 
of new technology implementations. In addition to the benefits of test groups identified 
through this pilot, such groups can act as sounding boards to provide input on new control 
strategies, new marketing or enrollment approaches, and new technologies that warrant 
investigation but may not yet be ready for prime time.  This group can be kept engaged by 
sharing periodic results and technology updates. 

New Applications for Enabling Technology: DR and Beyond 
17. Considering HVAC control as a resource for market balancing. In markets such as the 
Southwest Power Pool where there is significant excess wind capacity, HVAC DR could play 
a role in providing balancing during periods of excess or low wind capacity.  However, these 
events would not be coincident with system peaks, and a temperature offset strategy would 
again likely be more effective (compared to cycling). 
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Summing Up and Moving Forward 

18. Leveraging energy efficiency with any demand response program. Market conditions 
change, and capacity requirements are becoming less important as the penetration of grid 
renewables increases. However, larger state and other goals can tilt the importance of energy 
efficiency, load flexibility, and demand response. Deploying these technologies with the 
capability to serve multiple utility goals will substantially improve cost effectiveness. 
Results from the EPRI collaborative can be used to inform the development of energy 
efficiency (EE) programs.  For example, a review of EE impacts from other utility-led 
evaluations suggested that EE savings from smart thermostats could be as high as 4% (of 
total annual electricity consumption), although savings were not found in some cases, and in 
others, usage actually increased.23 The preliminary results of EPRI’s collaborative research 
suggests savings as high as 5%, and as low as a 1% increase in overall usage across three 
different thermostat types.24 Another recent study by a collaborative member suggests 
savings ranging from 4 to 5% across three different thermostat technologies.25 LES can take 
advantage of such findings as savings from the various studies begin to converge. 

23 Lenssen, N. “Smart Thermostats and Energy Efficiency: What have we learned from impact evaluations?”, 
presented during the EPRI smart thermostat collaborative monthly webcast, August 2016. 
24 Robinson, J., R. Narayanamurthy, B. Clarin, C. Lee, and P. Bansal, “Smart Thermostats: Learnings from a 
Collaborative Study,” presentation at the 2016 ACEEE Summer Study on Energy Efficiency in Buildings, Pacific 
Grove, CA (August 2016, updated January 2017). 
25 Ryan, R., K. Marrin, “PG&E Smart Thermostat Study: First Year Findings”. ET Project Number ET13PGE1462. 
http://www.etcc-ca.com/reports/smart-thermostat-study 
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B 
CUSTOMER SURVEY INSTRUMENTS 

This appendix contains: 

• The first survey fielded in spring/summer of 2015. 

– The focus was demographic/premise information and existing thermostat programming 
behavior. 

– The survey was fielded as a paper survey provided to customers at the time of their 
device installation; customers returned the survey in a sealed envelope to the installer, 
and some mailed in their survey to LES. 

– Response rate (excluding employees): 95% (N=380 customers). 

• The second survey fielded in fall of 2015. 

– The focus was satisfaction with the program, opinions about events, and for thermostat 
customers, opinions/satisfaction about thermostat features, how they use it, etc. 

– The survey was fielded as web-based surveys, although mail versions were created for 
the few for whom email addresses were not available (mainly switch customers); the mail 
versions are included in this appendix. 

– Response rate (excluding employees): 79% (N=315 customers). 

o Thermostat customers: 79% (N=159). 

o Switch customers: 78% (N=156). 

Note: The third survey fielded in fall of 2016 is similar to the second survey fielded in the fall of 
2015, although connectivity questions were added for the thermostat survey, and some 
thermostat feature-related questions were removed. The survey was fielded as a web-based 
survey, although mail versions were created for the few for whom email addresses were not 
available (mainly switch customers); the mail versions are included in this appendix. This survey 
is not included in this appendix due to its similarity to the second survey. The response rate 
(excluding employees) was 58% (N=221 customers); thermostat customers: 54% (N=105), 
switch customers: 63% (N=116). 
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Customer Survey Instruments 

First customer survey, 
fielded spring/summer 

2015 

Air Conditioner Demand Response Field Study – Participant Survey 
#1 

Thank you for participating in LES’s Air Conditioner Demand Response Field Study. Please take a few 
minutes to complete this survey, which will help to provide us with context for the study.  Rest assured 
that the information you provide will be kept confidential, and will only be used for study purposes by 
LES’s research partner, the Electric Power Research Institute (EPRI). 

If you have any questions about this survey or the field study in general, please do not hesitate to contact 
the study hotline at …. 

Thank you! 

Q1. Please tell us your name: 

Q2. Your address: 

Q3. In a few words, please tell us why you decided to participate in the field study: 

Q4. Do you pay your own LES electricity bill?  Yes  No 

Q5. What is the approximate size of your home? 

 0 to less than 500 sq. ft.  2,500 to less than 3,000 sq. ft. 

 500 to less than 1,000 sq. ft.  3,000 to less than 3,500 sq. ft. 

 1,000 to less than 1,500 sq. ft.  3,500 to less than 4,000 sq. ft. 
 1,500 to less than 2,000 sq. ft.  4,000 sq. ft. or larger 

 2,000 to less than 2,500 sq. ft. 

Q6. When was your home built?   

Q7. In the summer, do you use any room air conditioners (that is, small units that sit in a window to 

cool one or more rooms)? 

 Yes.  Please tell us how many: 
 No 
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Customer Survey Instruments 

Q8. At the time you signed up for the study, did you have a PROGRAMMABLE thermostat in your 

home?  That is, one that could be set to automatically change temperatures at different times of 

the day or night? 

 Yes  No 

If yes, did you program it to automatically change temperature (when no one is home, at night, 
etc.)? (Please select only one answer.) 
 Yes 
 Yes, but the HOLD feature is on (meaning the programming is overridden and the 
temperature setting stays constant) 
 No 

Q9. Do you have a smart phone or tablet that allows you to download apps? 

 Yes  No 

Q10. What is your gender?  Female  Male 

Q11. Please tell us your age: 

 Under 18 

 18 to 34 
 35 to 54 

 55 to 64 

 65 to 80 
 Over 80 

Q12. Including you, how many adults, 18 or older, currently live in your household? 

Q13. How many of these adults are over 65? (Cannot be more than listed in Q12.) 

Q14. How many children under the age of 18 live in your household at least part of the week?  

Q15. Is someone generally at home on weekdays at least one day a week sometime between 1 and 6 

p.m.? 

 Yes  No 

Q16. What is the highest degree or level of school you have completed? (Please select only one 

answer.) 

 Less than 9th grade  Associate’s degree 

 9th to 12th grade, no diploma  Bachelor’s degree 
 High school graduate, GED, or alternative  Graduate or professional degree 

 Some college, no degree 

Q17. Last year, in 2014, what was your total household income from all sources, before taxes? (Please 

select only one answer.) 

 Less than $10,000  $50,000 to $74,999 
 $10,000 t0 $14,999.  $75,000 to $99,999 

 $15,000 to $24,999  $100,000 to $149,999 
 $25,000 to $34,999  $150,000 to $199,999 

 $35,000 to $49,999  $200,000 or more 
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Customer Survey Instruments 

Q18. (Optional) Finally, if you have any additional comments relating to the above, please use the 

space below: 

End of survey – thank you for your participation! 
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Second customer survey 
(thermostat customers), 

fielded fall 2015 

Air Conditioning Demand Response Study Participant Survey—Fall 
2015 

Thank you for participating in this LES survey so that we may learn from your experience and opinions. 

This will help us develop and improve future program offerings for customers like you! 

Q1. Please tell us your name: 

Q2. What is your street address? 

We’re going to start off by asking you about the <brand> Wi-Fi smart thermostat that was installed in your 
home as part of the LES Air Conditioning Demand Response Field Study. The smart thermostat consists 
of the thermostat itself (the unit on the wall), the <brand> online portal that you can access via your 
desktop or laptop computer, and the smart phone/mobile app. 

Q3. Do you currently have your thermostat programmed so that it reaches different temperature set 

points for different times of the day? Please choose only one response. 

 Yes 

 Yes, it's programmed, but I generally override that to keep it set at the same temperature constantly 

 No 

 I don’t know 

Q4. Please let us know your satisfaction with each interface of your smart thermostat. Please check 

only one response per row. 
Very 

Dissatisfied 

0 1 2 3 4 5 6 7 8 9 

Very 
Satisfied 

10 

I don’t 
use this 
interface 

The thermostat unit on the wall            
The online portal            
The smart phone/mobile app            

Q5. Thinking of this past summer, on average how often did you look at or access each of the 

following? Please check only one response per row. 

More 

than 

once a 

day 

Daily 

A few 

times a 

week 

Weekly 

A few 

times a 

month 

Monthly 

Once 

every 

few 

months 

Seldom Never 

The thermostat unit on the wall         
The online portal         
The smart phone/mobile app         
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Customer Survey Instruments 

Q6. Thinking of this past summer, on average how often did you make a change via each of the 

following? Please check only one response per row. 

More 

than 

once a 

day 

Daily 

A few 

times a 

week 

Weekly 

A few 

times a 

month 

Monthly 

Once 

every 

few 

months 

Seldom Never 

The thermostat unit on the wall         
The online portal         
The smart phone/mobile app         

Q7. In a few words, what do you like the most about your smart thermostat system? This can be about 

the unit on wall, the online portal, or the smart phone/mobile app. 

Q8. What do you not like, or what would you like to see improved? 

Q9. What features of the smart thermostat do you find useful? Please check only one response per 

row. 

Not at all 
Useful 

0 1 2 3 4 5 6 7 8 9 

Very 
Useful 

10 

I didn’t 
know 
about 
this 

feature 

I don’t 
use 
this 

feature 

Ability to adjust the temperature via  
the portal or app 

          

Ability to program the weekly 

thermostat schedule via the portal             
or app 

Ability to see weather conditions  
via the portal or app 
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Customer Survey Instruments 

Q10. Comparing your smart thermostat to your previous thermostat: 

My smart 

thermostat 

My 

previous 

thermostat 

They’re 

about the 

same 

Neither 
I don’t 

know 

Which do you interact with more?     

Which do your household members interact with more?     
Which do you feel is better at helping you save money by 

controlling your home's cooling or heating costs? 
    

Which do you like better overall?     

Q11. Please let us know your satisfaction with your smart thermostat system overall. 

Very Very 
Dissatisfied Satisfied 

0 1 2 3 4 5 6 7 8 9 10 

          

Q12. How likely is it that you would recommend this smart thermostat to a friend or family member? 

Not at all Very 
Likely Likely 

0 1 2 3 4 5 6 7 8 9 10 

          

Thank you! 

This next set of questions is about the LES Air Conditioning Demand Response Field Study, which involved 
“Cycling Events” (also called “Energy Savings Events”) on a various hot weekdays this past summer. 

A Cycling Event is when LES sends a signal to your thermostat to increase its temperature set point by a 
few degrees between the hours of 3 p.m. and 6 p.m. This can help save energy during this time, which is 
when our community’s electricity system can be strained. 

In some cases, the Cycling Event also included a preceding “precooling” phase from 1 p.m. to 3 p.m. A 
signal was sent to decrease your thermostat’s set point by a few degrees to make your home a little cooler 
than normal before 3 p.m. The idea is that this can reduce the need for your air conditioner to come on 
between 3 p.m. and 6 p.m. 

Q13. How often do you recall that LES called a “CyclingEvent”? Please check only one response. 

 I don’t recall any Cycling Events Please skip to Q20 

 1 or 2 times 

 3 to 5 times 

 6 to 10 times 

 11 to 15 times 

 More than 15 times 
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Customer Survey Instruments 

 No 

Q14. Were you or other household members ever home for any Cycling Events? 

 Yes 

Please skip to Q19 

 I don’t know/remember Please skip to Q19 

Q15. Did you or other household members ever notice any initial “precooling” as part of the Cycling 

Event? That is, when your home was first made a little cooler before your thermostat temperature 

was increased? 

 Yes 

 No 

Q16. In general, did you or other household members feel that your comfort was affected during 

Cycling Events? 

 Yes 

 No 

 Sometimes 

Q17. How was your comfort affected? Please check all that apply. 

 It got too cold 

 It got too hot 

 It got too cold then too hot during a single Event 

 Other (please specify): 

Q18. For Cycling Events that happened when you were at home, roughly how often did you opt out of 
them? That is, put your thermostat back to its original temperature set point. 

 Never 

 Sometimes 

 Most of the time 

 Always 

Q19. For Cycling Events that happened when you were NOT at home, roughly how often did you opt 
out of them? That is, put your thermostat back to its original temperature set point. 

 Never 

 Sometimes 

 Most of the time 

 Always 
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Customer Survey Instruments 

Q20. Did you feel that you had adequate information about the LES study, including the Cycling 

Events? 

 Yes 

 No 

If no, in a few words, please let us know what additional information would have been 
helpful for you to have: 

Q21. Did you feel that you knew where to go if you had questions about the study? 

 Yes 

 No 

Q22. Please let us know your overall satisfaction with the LES Air Conditioning Demand Response 

Field Study. 

Very Very 
Dissatisfied Satisfied 

0 1 2 3 4 5 6 7 8 9 10 

          

Q23. How likely is it that you would recommend participating in this LES study to your friends and 

family if it was offered community-wide in the future? 

Not at all Very 
Likely Likely 

0 1 2 3 4 5 6 7 8 9 10 

          

Q24. What did you like about the LES study? Please select all that apply. 

 Responsiveness of the study’s customer support to questions or concerns 

 Getting an advanced thermostat technology 

 Ability to help reduce strain on the community’s electricity system 

 The opportunity to get a $25 gift card for not opting out of more than two Cycling Events 

 Ability to save energy throughout the summer with the help of the smart thermostat 

 The Cycling Events had little to no impact on comfort 

 That the thermostat was free 

 I did not like anything about this study 

 Other (please specify):_______________________________________________________ 
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_____________________________________________________________ 

Customer Survey Instruments 

Q25. What would you like to see improved about the study? 

Q26. Since the time of your smart thermostat installation (spring or early summer 2015), were there 

were any MAJOR changes in your home that may have caused your electricity consumption to 

increase or decrease? Please check all that apply. 

 There have been no major changes 

 Added an appliance 

 Replaced an appliance 

 Removed an appliance 

 Household schedule changed (for example, changes because of a new job) 

 Added on to home 

 Other home improvements 

 Replaced an air conditioning or heating unit 

 Added an additional air conditioning or heating unit 

 Removed an air conditioning or heating unit 

 New person living in home 

 Person moved from home 

 Added a pool/spa 

 Removed a pool/spa 

Weatherized my home (for example, added insulation, improved windows) 

 Other (please specify): 

Q27. (Optional) Finally, if you have any other final comments you'd care to share about your smart 

thermostat or the LES study, please let us know here: 

End of survey – thank you for your participation! 

Please return the survey to LES in the postage-paid envelope provided. 

Again, if you have any questions, please free to contact Bob Ruskamp at ….  
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Second customer survey 
(switch customers), 
fielded fall 2015 

Customer Survey Instruments 

Air Conditioning Demand Response Study Participant Survey—Fall 
2015 

Thank you for participating in LES’s Air Conditioner Demand Response Field Study and for completing 
this survey. 

Your feedback will be used to help develop and improve future programs for LES customers like you. 

Q1. Please tell us your name: 

Q2. What is your street address? 

Q3. Do you currently have your thermostat programmed so that it reaches different temperature set 

points for different times of the day? Please choose only one response. 

 Yes 

 Yes, it's programmed, but I generally override that to keep it set at the same temperature          

constantly 

 No 

 I don’t know 

As part of the LES Air Conditioning Demand Response Field Study, you had a switch installed on your 
outdoor air conditioning unit. On various hot summer weekdays, LES held “Cycling Events” (sometimes 
referred to as “Energy Savings Events”). 

This is when LES sent a signal via the switch to turn your air conditioner on or off between the hours of 3 
p.m. and 6 p.m. This can help save energy during this time, which is when our community’s electricity 
system can be strained. 

So thinking about this past summer, please let us know a bit about your experiences. 

Q4. How often do you recall that LES called a “CyclingEvent”? Please check only one response. 

 I don’t recall any Cycling Events Please skip to 0 

 1 or 2 times 

 3 to 5 times 

 6 to 10 times 

 11 to 15 times 

 More than 15 times 

Q5. Were you or other household members ever home for any Cycling Events? 

 Yes 

 I don’t know/remember Please skip to 0 

 No Please skip to 0 
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Customer Survey Instruments 

Q6. In general, did you or other household members feel that your comfort was affected during 

Cycling Events? 

 Yes 

 No 

 Sometimes 

Q7. Roughly how often did you opt out of Cycling Events? That is, call LES to have a Cycling Event 

cancelled as it was happening? Please check only one response. 

 Never 

 Sometimes 

 Most of the time 

 Always 

Q8. Did you feel that you had adequate information about the LES study, including the Cycling 

Events? 

 Yes 

 No 

If no, in a few words, please let us know what additional information would have been 
helpful for you to have: 

Q9. Did you feel that you knew where to go if you had questions about the study? 

 Yes 

 No 

Q10. Please let us know your overall satisfaction with the LES Air Conditioning Demand Response 

Field Study. Please check only one response. 

Very 
Dissatisfied 

0 


1 


2 


3 


4 


5 


6 


7 


8 


9 



Very 
Satisfied 

10 
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Not at all Very 
Likely Likely 

0 1 2 3 4 5 6 7 8 9 10 
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Customer Survey Instruments 

Q11. How likely is it that you would recommend participating in this LES study to your friends and 

family if it was offered community wide in the future? Please check only one response. 

Q12. What did you like about the LES study? Please check all that apply. 

 Ability to help reduce strain on your community’s electricity system 

 The opportunity to get a $25 gift card for not opting out of more than two Cycling Events 

 The Cycling Events had little to no impact on comfort 

 Getting a $35 gift card for signing up 

 Responsiveness of the study's customer support to questions or concerns 

 I did not like anything about this study 

 Other (please 

specify):_____________________________________________________________ 

Q13. What would you like to see improved about the study? 
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____________________________________________________________ 

Customer Survey Instruments 

Q14. Since the time of your switch installation (spring or early summer 2015), were there were any 

MAJOR changes in your home that would have caused your electricity consumption to increase 

or decrease? Please check all that apply. 

 There have been no major changes 

 Added an appliance 

 Replaced an appliance 

 Removed an appliance 

 Household schedule changed (for example, changes because of a new job) 

 Added on to home 

 Other home improvements 

 Replaced an air conditioning or heating unit 

 Added an additional air conditioning or heating unit 

 Removed an air conditioning or heating unit 

 New person living in home 

 Person moved from home 

 Added a pool/spa 

 Removed a pool/spa 

 Weatherized my home (for example, added insulation, improved windows) 

 Other (Please specify): 

Q15. (Optional) Finally, if you have any other final comments you'd care to share about the LES study, 

please let us know here: 

End of survey – thank you for your participation! 

Please return the survey to LES in the postage-paid envelope provided. 

Again, if you have any questions, please free to contact Bob Ruskamp at ….  
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C 
THE NAMEPLATE METHOD FOR ESTIMATING HVAC 
LOAD 

Smart thermostats generate real-time (or near-real-time) data regarding HVAC runtime, indoor 
and outdoor temperature conditions, fan settings, and more.  These data can be used to estimate 
hourly HVAC energy consumption if enough performance data about the customers’ HVAC unit 
is known.  For the LES pilot, nameplate information of each pilot customer was recorded by the 
contractors as the time of device installation. 

Combining the thermostat-level runtime data and the nameplate information, HVAC-level 
demand can be estimated for each customer.  The following describes this approach, referred to 
as the “Nameplate Method.”  

The HVAC performance data required is the relationships between HVAC power consumption 
and outdoor ambient temperature.  If HVAC model numbers are known, in many cases these 
performance data can be found in HVAC manufacturers’ datasheets.  

When Customer HVAC Details are Known 

When the pilot customers’ AC model numbers, sizes, and SEER ratings are known, and 
datasheets are available, the high-level strategy employed is: 

1. Find a datasheet that describes the relationship between outdoor temperature and AC power 
consumption. 

2. Make some assumptions. 

3. Map outdoor temperatures to power consumption in a 1:1 fashion. 

4. Correlate the data to map any outdoor temperature to a kW value. 

5. Scale the result based on an empirically derived calibration factor. 

6. Incorporate indoor fan load. 

Figure C-1 illustrates how these data elements are combined to estimate AC power. 
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The Nameplate Method for Estimating HVAC Load 

Figure C-1 
Overview of the Nameplate Method 

When Customer HVAC Details are Not Known 

When some information about the customer’s HVAC is missing, which is common, the methods 
used in this analysis for obtaining the power/temperature performance relationship are outlined 
below.  

1. If age is not known: 

a) If SEER is known, use the linear regression of age-by-SEER from the HVACs in this 
pilot, restricting to a maximum age of 2013. 

b) If size is known: use the linear regression of age-by-size from the HVACs in the pilot 
(which is essentially the group mean). 

c) Otherwise: Assume the group mean. 

2. If SEER is not known: 

a) If age is also not known, use Step 1 to get an age. 

b) Use the linear regression of SEER-by-age from the HVACs in the pilot. 

3. If size is not known: 

a) Use the group median. 

This approach takes advantage of a relatively strong relationship between age and SEER (Figure 
C-5), as HVAC systems have grown consistently more efficient over time.  However, size is not 
strongly correlated to SEER or age (Figure C-6), as presumably the units are sized to meet the 
demand (the thermal load) of the home.  Therefore, HVAC systems missing size information 
were assigned the median size for the group. A small number of systems that were listed with 
sizes greater than 10 tons were assumed to be incorrectly documented and were instead assigned 
the median size of 2 tons. 
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The Nameplate Method for Estimating HVAC Load 

Figure C-2 
Size distribution of pilot customers’ HVAC units (units recorded as >10 were removed) 

Figure C-3 
SEER distribution of pilot customers’ HVAC units 

Figure C-4 
Age distribution of pilot customers’ HVAC units 
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The Nameplate Method for Estimating HVAC Load 

Comparing age to SEER shows a distinct linear relationship which can be used to predict one 
from the other in cases where some nameplate data is missing (Figure C-5).  However, size 
cannot be accurately predicted based on age (Figure C-6). 

Figure C-5 
Predicting age based on SEER (top) and vice versa (bottom) 

Figure C-6 
Age is not a good predictor of size 
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The Nameplate Method for Estimating HVAC Load 

Performance Curve: Rated kW for a Given Outside Air Temperature 

Once the size, SEER, and age are determined through a combination of documentation and 
estimation, a performance curve is used to calculate the expected power draw for a given outside 
temperature. The performance curve is derived from the datasheet for the HVAC model via the 
following steps: 

1. Find the datasheet for the HVAC using model information. 

2. Assume: 

a) 63°F for entering wet bulb (62°F is ok as well). 

b) 400CFM per ton of HVAC (e.g., if the unit is 2 tons, use the 800CFM column). 

3. Perform linear regression such that there is an outdoor temperature -> power consumption 
mapping. 

a) Plot outside temperature on x axis (F°). 

b) Plot power consumption on y axis (kW). 

c) Note the slope as m_Power and intercept as c_Power 

d) 𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑚𝑚𝑃𝑃𝑛𝑛𝑃𝑃𝑛𝑛𝑃𝑃𝑇𝑇𝑛𝑛𝑜𝑜𝑛𝑛𝑜𝑜𝑜𝑜𝑛𝑛𝑛𝑛 + 𝑐𝑐𝑃𝑃𝑛𝑛𝑃𝑃𝑛𝑛𝑃𝑃 

4. Degrade performance by 1% compound per year:
𝑃𝑃𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 × (1.01)𝑎𝑎𝑎𝑎𝑛𝑛𝑎𝑎𝑛𝑛𝑎𝑎𝑛𝑛𝑎𝑎𝑃𝑃𝑜𝑜 =𝑃𝑃𝑎𝑎𝑎𝑎𝑛𝑛𝑜𝑜𝑎𝑎𝑎𝑎 

5. Based on outdoor temperature, you now have a kW reading. Multiply this by the fan run time 
to get actual kWh consumption. An example is shown in Figure C-7. 

Figure C-7 
Example performance curve with kW versus outdoor air temperature and linear regression 
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The Nameplate Method for Estimating HVAC Load 

Estimating Performance Curves for Missing Datasheets 

In practice, for many of the HVAC models recorded in the study sample, a datasheet cannot be 
located. For some of these, a datasheet with identical size and SEER is available and can be used 
as a proxy. Figure C-8 shows the distribution of datasheets that were located and transcribed 
into the analysis database (darker dots indicate multiple datasheets available for that size/SEER 
combination). Each red “x” indicates one or more HVAC units in the study that did not have an 
exactly matching datasheet by size and SEER; darker red indicates multiple units of that 
size/SEER. 

Figure C-8 
Data sheets found (circles) compared to data sheets needed for sample (x’s) 

In order to generate appropriate performance curves for all HVAC units, the other performance 
curves were used to estimate the missing performance curves. The available datasheets were 
used to generate an ordinary least squares (OLS) regression function mapping size, SEER and 
temperature to kW. If the model number does not match any known datasheets and there are no 
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The Nameplate Method for Estimating HVAC Load 

other datasheets with the same size and seer, the regression function was used to generate an 
estimate performance curve for that unit. 

Adjustment Factor Based on Amp Logger Field Study 

Energy use trends for approximately 40 HVAC units in the study were measured using data 
loggers with current transducer amperage sensors. The loggers were deployed for several week-
long periods in both 2015 and 2016, measuring energy use of different HVAC units each time in 
order to get a larger sample and capture the variation in Nameplate Method versus amp-logger 
power calculations. The measured amperage values were converted to power trends using an 
assumed line voltage of 240V and an assumed HVAC unit power factor of 0.9 PF. 

For each of the units where an amp logger was deployed, the time series power trend from the 
amp logger was compared to the power trend from the Nameplate Method. Figure C-9 is an 
example of the Nameplate Method power trend (green line) and amp logger data-calculated 
power trend in kW (blue line).  The Nameplate Method is somewhat overestimating kW, but 
tracks the overall variation recorded by the amp logger reliably. 

Figure C-9 
Nameplate (green line) kW estimates versus amp logger data-calculated power (blue line) 

The kW trends were averaged up to one-hour frequency to diminish the impact of small clock 
offsets between the logger and thermostat data collection system. The average kW from each 
source was compared for each hour, and a linear regression anchored at the origin was created 
for each HVAC device (see Figure C-10). The slope, representing the ratio of nameplate estimate 
to amp-logger measured power, was recorded for each device in the field study sample. 
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The Nameplate Method for Estimating HVAC Load 

Figure C-10 
Amp-logger measured power versus nameplate estimate for one participant 

In the histogram in Figure C-11, the distribution of slopes for the 2015 loggers had a few outliers 
below 0.4 while the 2016 loggers recorded a few devices with slopes above 1.0, but most HVAC 
units indicated amp-logger power readings of between 0.5 and 1.0 times that calculated through 
the Nameplate Method. Including devices logged in both years, 0.82 was the mean ratio. This 
value was then used as an adjustment factor to de-rate the Nameplate Method-calculated power 
for all the HVAC devices in the study (not just the ones which were tested with amp loggers). 
Note that these ratios were tested for a relationship with HVAC size, age, and SEER, but no 
correlation was found, so the overall mean ratio was used for all HVAC units. 

Figure C-11 
Distribution of logger-to-nameplate estimate slopes across all customers with loggers 
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The Nameplate Method for Estimating HVAC Load 

Estimating Indoor Fan Power 

The performance data upon which the Nameplate Method is based generally reports “net” kW 
load values, meaning it includes the indoor fan power draw.  In the case of the LES pilot, the 
intention was that the indoor fan would be set to run constantly during events to help with 
customer comfort.26 This means it was necessary to tease out and estimate indoor fan power for 
each customer so its load could be properly accounted for during events.  

The fan power was estimated based on assumed typical fan efficiency and capacity values of 
0.365 W/CFM * 400 CFM/ton * system tons.27 The fan power was then subtracted from the 
Nameplate Method-estimated load to obtain discrete estimates of both the outdoor unit and 
indoor fan load.  

Using the fan-active and cooling-active flags in the thermostat data to indicate when the indoor 
fan and outdoor compressor were running, these respective loads were included in the overall 
kW load estimate as appropriate. 

Limitations of the Nameplate Method 

While the Nameplate Method can be useful when granular estimates of HVAC load are required, 
it is important to note its limitations, which are based on its many assumptions: 

• It relies on accurately recording size, SEER, age or model number by the installation 
contractor. 

• It relies on having a representative sample of HVAC performance datasheets with 
consistently reported information. 

– Availability of more datasheets could provide better estimates. 

• It assumes single-stage HVAC units that operate on a single performance curve. 

• It includes an adjustment factor of 0.82, which scales all the power calculations except for 
the fan adder. 

– This factor is based on a modest sample of 40 “ground-truth” data sets from amp loggers. 

– The logger data actually measures amperage, and it is converted to true power using 
static assumptions about voltage and power factor, which may introduce variability or 
error to the adjustment factor. 

• The fan estimation assumes a consistent ratio of system size to rated air flow and a consistent 
fan motor efficiency. 

• It does not take into account any other potential household impacts of curtailing the cooling 
system, such as increasing use of ceiling fans or increasing demand on refrigerators. 

26 As described in Section 3, it does not appear that the fans ran this way consistently. 
27 See Cutler et al., 2013, Improved Modeling of Residential Air Conditioners and Heat Pumps for Energy 
Calculations, NREL/TP-5500-56354, http://www.nrel.gov/docs/fy13osti/56354.pdf. 
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D 
RATIONALE FOR INDOOR FAN BEHAVIOR OF 
SWITCH CUSTOMERS 

As described in Section 3, the indoor fan was assumed to be running if the compressor was 
active, both during and outside of event periods.  This is essentially assuming all switch 
customers had their indoor fans set to “Auto” mode on their thermostats (versus “On”). 

Note that this assumption risks potentially overestimating event savings impacts.  This is because 
the event savings are assumed to come from both the compressor and the indoor fan, but if some 
customers have their fans set to “On,” their fans would continue to run during events, resulting in 
no fan savings.  

However, the risk of this potential overestimation was deemed to be negligible based on the 
following rationale: 

1. An assumption was made that, on average, fan load is approximately 15% of compressor 
load, which translates to fan load being approximately 13% of total load. 

2. The average event impacts estimated for the switch customers are based on total load 
(compressor + fan).  Therefore, it follows from #1 above that the proportion of impacts due 
to the fan is roughly 13% of total impacts.  (This is likely conservative, since events are 
called during hot periods when compressor power will increase but fan power will not.) 

3. Any switch customers that keep their fan in “On” mode will not contribute fan saving 
impacts.  However, there is also no way to know the fan settings of the switch customers.  
Therefore, the thermostat-level data of the thermostat customers was examined, and in the 
absence of any other data, used as a proxy for the switch customers.  On average, 
approximately 8% of thermostat customers appeared to have their indoor fans running 
constantly (i.e., equivalent to an “On” fan setting), so this proportion was assumed for the 
switch customers as well. 

4. Therefore, the 13% fan contribution of the total impacts should be de-rated by the 8% of 
customers that likely have their fans continuously running. This in effect means reducing the 
total load impact estimates by 1%.  That is: 

total load impact * 13% * 8% 
= total load impact * 1% 

Given this a relatively small effect, the uncertainty introduced by approximately 8% of 
customers operating their fans in “On” mode can safely be ignored.  Even if the proportion of 
customers with their fans always on was higher, say 20%, it still would only reduce impacts 
by approximately 3% (i.e., 13% * 20%), which is also negligible. 
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Table E-1 
Model Parameter Estimates—All 15/15 Cycling Events, Thermostat Customers 

Hour 
Beginning 

is_event 
day_of_ week 

[T.2] 
day_of_ week 

[T.3] 
day_of_ week 

[T.4] 
day_of_ week 

[T.5] 
day_of_ week 

[T.6] 
day_of_ week 

[T.7] 
CDH 

avg_daily_ 
temp_F 

groups RE 

previous_ 
days_avg_ 
temp_F 

Intercept 

Hour 0 0.095 + -0.053 + -0.061 + 0.050 + -0.072 + -0.028 -0.038 0.037 + -0.008 + 0.145 0.022 + -0.683 + 

Hour 1 0.161 + -0.014 -0.021 + -0.015 -0.015 0.005 0.014 0.028 + 0.001 + 0.102 0.017 + -1.039 + 

Hour 2 0.156 + -0.024 + -0.025 + -0.024 + -0.027 + -0.017 + 0.009 0.026 + 0.001 0.080 0.014 + -0.834 + 

Hour 3 0.180 + -0.033 + -0.032 + -0.033 + -0.049 + -0.024 + -0.002 0.025 + 0.002 + 0.064 0.010 + -0.666 + 

Hour 4 0.162 + -0.029 + -0.034 + -0.015 -0.045 + -0.025 + -0.010 0.025 + 0.002 + 0.052 0.009 + -0.592 + 

Hour 5 0.052 + -0.018 + -0.033 + -0.015 -0.033 + -0.026 + -0.013 0.026 + 0.002 + 0.045 0.009 + -0.589 + 

Hour 6 -0.029 + -0.021 + -0.031 + -0.025 + -0.038 + -0.028 + -0.014 0.027 + 0.002 + 0.038 0.007 + -0.488 + 

Hour 7 -0.051 + -0.029 + -0.037 + -0.019 + -0.043 + -0.028 + -0.004 0.026 + 0.001 0.043 0.006 + -0.351 + 

Hour 8 -0.026 -0.072 + -0.073 + -0.056 + -0.080 + -0.070 + -0.008 0.024 + 0.000 0.050 0.005 + -0.202 + 

Hour 9 -0.005 -0.106 + -0.120 + -0.101 + -0.129 + -0.108 + -0.015 0.023 + 0.001 0.061 0.006 + -0.371 + 

Hour 10 0.030 -0.150 + -0.163 + -0.145 + -0.179 + -0.134 + -0.022 + 0.021 + 0.006 + 0.083 0.008 + -0.771 + 

Hour 11 0.085 + -0.171 + -0.185 + -0.174 + -0.196 + -0.155 + -0.005 0.025 + 0.007 + 0.121 0.010 + -1.001 + 

Hour 12 0.127 + -0.182 + -0.195 + -0.184 + -0.212 + -0.163 + 0.001 0.030 + 0.009 + 0.164 0.012 + -1.310 + 

Hour 13 0.173 + -0.197 + -0.213 + -0.192 + -0.239 + -0.164 + -0.005 0.035 + 0.010 + 0.212 0.014 + -1.491 + 

Hour 14 0.180 + -0.184 + -0.202 + -0.190 + -0.225 + -0.146 + -0.022 0.037 + 0.014 + 0.255 0.015 + -1.871 + 

Hour 15 -0.303 + -0.122 + -0.119 + -0.125 + -0.138 + -0.083 + -0.019 0.039 + 0.020 + 0.283 0.017 + -2.371 + 

Hour 16 -0.371 + -0.044 + -0.032 + -0.071 + -0.053 + -0.034 + -0.009 0.042 + 0.024 + 0.306 0.016 + -2.606 + 

Hour 17 -0.444 + 0.003 0.012 -0.019 -0.005 -0.024 -0.019 0.047 + 0.024 + 0.325 0.015 + -2.466 + 

Hour 18 0.234 + 0.027 + 0.019 -0.003 0.011 -0.032 + -0.037 + 0.048 + 0.023 + 0.322 0.014 + -2.314 + 

Hour 19 0.299 + 0.012 -0.004 -0.028 + -0.013 -0.062 + -0.039 + 0.049 + 0.022 + 0.300 0.011 + -1.978 + 

Hour 20 0.287 + -0.005 -0.023 -0.026 + -0.027 + -0.073 + -0.070 + 0.047 + 0.021 + 0.268 0.009 + -1.713 + 

Hour 21 0.262 + 0.010 -0.007 -0.007 -0.006 -0.060 + -0.051 + 0.043 + 0.024 + 0.244 0.006 + -1.655 + 

Hour 22 0.262 + 0.003 -0.006 -0.001 0.018 -0.054 + -0.027 + 0.040 + 0.021 + 0.213 0.003 + -1.319 + 

Hour 23 0.266 + -0.010 -0.005 -0.007 0.001 -0.042 + -0.003 0.035 + 0.021 + 0.171 0.001 -1.216 + 
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Model Parameter Estimates 

Table E-2 
Model Parameter Estimates—All +3F Offset Events, Thermostat Customers 

Hour 
Beginning 

is_event 
day_of_ week 

[T.2] 
day_of_ week 

[T.3] 
day_of_ week 

[T.4] 
day_of_ week 

[T.5] 
day_of_ week 

[T.6] 
day_of_ week 

[T.7] 
CDH 

avg_daily_ 
temp_F 

groups RE 

previous_ 
days_avg_ 
temp_F 

Intercept 

Hour 0 0.066 -0.052 + -0.065 + 0.049 + -0.066 + -0.027 -0.037 0.037 + -0.008 + 0.144 0.022 + -0.686 + 

Hour 1 0.004 -0.011 -0.025 + -0.024 + -0.010 0.010 0.014 0.028 + 0.002 + 0.101 0.017 + -1.054 + 

Hour 2 -0.007 -0.020 + -0.029 + -0.034 + -0.022 + -0.013 0.009 0.026 + 0.001 + 0.079 0.014 + -0.840 + 

Hour 3 0.005 -0.028 + -0.036 + -0.045 + -0.044 + -0.018 + -0.002 0.025 + 0.002 + 0.063 0.010 + -0.661 + 

Hour 4 0.006 -0.024 + -0.037 + -0.025 + -0.041 + -0.023 + -0.010 0.025 + 0.002 + 0.051 0.009 + -0.584 + 

Hour 5 0.003 -0.016 + -0.035 + -0.019 + -0.031 + -0.024 + -0.013 0.026 + 0.002 + 0.044 0.009 + -0.576 + 

Hour 6 -0.001 -0.020 + -0.034 + -0.027 + -0.035 + -0.025 + -0.014 0.027 + 0.002 + 0.038 0.007 + -0.482 + 

Hour 7 -0.003 -0.028 + -0.037 + -0.021 + -0.041 + -0.025 + -0.004 0.027 + 0.001 0.042 0.006 + -0.341 + 

Hour 8 0.009 -0.072 + -0.072 + -0.059 + -0.080 + -0.069 + -0.008 0.024 + 0.000 0.049 0.005 + -0.202 + 

Hour 9 0.004 -0.105 + -0.122 + -0.104 + -0.127 + -0.106 + -0.015 0.023 + 0.001 0.059 0.006 + -0.364 + 

Hour 10 0.016 -0.148 + -0.169 + -0.150 + -0.172 + -0.132 + -0.022 + 0.022 + 0.006 + 0.082 0.008 + -0.778 + 

Hour 11 -0.008 -0.168 + -0.193 + -0.179 + -0.188 + -0.151 + -0.005 0.025 + 0.007 + 0.119 0.010 + -1.022 + 

Hour 12 -0.016 -0.177 + -0.205 + -0.192 + -0.203 + -0.158 + 0.001 0.029 + 0.010 + 0.162 0.012 + -1.359 + 

Hour 13 0.002 -0.192 + -0.221 + -0.202 + -0.232 + -0.158 + -0.005 0.034 + 0.010 + 0.210 0.014 + -1.531 + 

Hour 14 0.014 -0.178 + -0.208 + -0.198 + -0.221 + -0.141 + -0.021 0.036 + 0.015 + 0.254 0.015 + -1.889 + 

Hour 15 -1.174 + -0.121 + -0.117 + -0.123 + -0.143 + -0.089 + -0.020 0.038 + 0.021 + 0.277 0.016 + -2.409 + 

Hour 16 -1.112 + -0.045 + -0.032 + -0.066 + -0.053 + -0.039 + -0.010 0.042 + 0.025 + 0.303 0.016 + -2.638 + 

Hour 17 -0.788 + 0.001 0.008 -0.015 -0.004 -0.022 -0.019 0.046 + 0.025 + 0.327 0.014 + -2.502 + 

Hour 18 0.521 + 0.028 + 0.022 -0.005 0.005 -0.030 + -0.037 + 0.048 + 0.023 + 0.322 0.014 + -2.322 + 

Hour 19 0.477 + 0.013 -0.002 -0.028 + -0.018 -0.058 + -0.039 + 0.049 + 0.023 + 0.301 0.010 + -2.001 + 

Hour 20 0.510 + -0.003 -0.023 -0.027 + -0.027 + -0.074 + -0.070 + 0.046 + 0.022 + 0.267 0.009 + -1.759 + 

Hour 21 0.447 + 0.010 -0.006 -0.006 -0.003 -0.061 + -0.050 + 0.041 + 0.026 + 0.243 0.005 + -1.733 + 

Hour 22 0.336 + 0.002 -0.007 -0.002 0.024 + -0.056 + -0.025 + 0.038 + 0.023 + 0.213 0.003 + -1.421 + 

Hour 23 0.287 + -0.009 -0.011 -0.013 0.011 -0.042 + -0.001 0.033 + 0.023 + 0.170 0.000 -1.296 + 
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Model Parameter Estimates 

Table E-3 
Model Parameter Estimates—All -3F Precool/+3F Offset Events, Thermostat Customers 

Hour 
Beginning 

is_event 
day_of_ week 

[T.2] 
day_of_ week 

[T.3] 
day_of_ week 

[T.4] 
day_of_ week 

[T.5] 
day_of_ week 

[T.6] 
day_of_ week 

[T.7] 
CDH 

avg_daily_ 
temp_F 

groups RE 

previous_ 
days_avg_ 
temp_F 

Intercept 

Hour 0 0.071 + -0.052 + -0.061 + 0.030 -0.053 + -0.025 -0.037 0.037 + -0.007 + 0.147 0.021 + -0.673 + 

Hour 1 0.080 + -0.010 -0.022 + -0.036 + -0.004 0.012 0.015 0.028 + 0.002 + 0.104 0.016 + -1.050 + 

Hour 2 0.072 + -0.020 + -0.026 + -0.042 + -0.021 + -0.009 0.010 0.026 + 0.001 + 0.081 0.013 + -0.837 + 

Hour 3 0.071 + -0.028 + -0.032 + -0.050 + -0.046 + -0.015 -0.002 0.025 + 0.002 + 0.064 0.010 + -0.654 + 

Hour 4 0.062 + -0.024 + -0.034 + -0.031 + -0.043 + -0.018 + -0.010 0.025 + 0.002 + 0.052 0.008 + -0.581 + 

Hour 5 0.039 + -0.016 + -0.032 + -0.024 + -0.031 + -0.021 + -0.013 0.026 + 0.002 + 0.046 0.008 + -0.571 + 

Hour 6 0.026 + -0.020 + -0.033 + -0.030 + -0.037 + -0.023 + -0.014 0.027 + 0.002 + 0.039 0.007 + -0.482 + 

Hour 7 0.011 -0.028 + -0.038 + -0.027 + -0.039 + -0.021 + -0.004 0.026 + 0.001 0.044 0.006 + -0.341 + 

Hour 8 -0.015 -0.071 + -0.073 + -0.064 + -0.076 + -0.064 + -0.008 0.024 + 0.000 0.051 0.005 + -0.196 + 

Hour 9 -0.014 -0.104 + -0.120 + -0.110 + -0.125 + -0.103 + -0.014 0.023 + 0.002 0.061 0.006 + -0.377 + 

Hour 10 0.000 -0.148 + -0.162 + -0.156 + -0.172 + -0.131 + -0.021 + 0.021 + 0.006 + 0.084 0.008 + -0.797 + 

Hour 11 0.002 -0.168 + -0.183 + -0.187 + -0.189 + -0.152 + -0.004 0.025 + 0.008 + 0.121 0.010 + -1.038 + 

Hour 12 0.017 -0.177 + -0.193 + -0.198 + -0.204 + -0.161 + 0.001 0.029 + 0.010 + 0.166 0.012 + -1.346 + 

Hour 13 0.881 + -0.193 + -0.212 + -0.198 + -0.235 + -0.172 + -0.005 0.035 + 0.009 + 0.217 0.014 + -1.464 + 

Hour 14 0.674 + -0.178 + -0.200 + -0.197 + -0.219 + -0.153 + -0.022 0.036 + 0.015 + 0.260 0.015 + -1.893 + 

Hour 15 -1.350 + -0.121 + -0.118 + -0.128 + -0.144 + -0.078 + -0.019 0.038 + 0.022 + 0.273 0.016 + -2.376 + 

Hour 16 -1.288 + -0.045 + -0.030 + -0.074 + -0.054 + -0.029 + -0.009 0.042 + 0.025 + 0.301 0.015 + -2.618 + 

Hour 17 -1.029 + 0.002 0.013 -0.022 -0.003 -0.018 -0.019 0.047 + 0.024 + 0.328 0.014 + -2.460 + 

Hour 18 0.267 + 0.029 + 0.021 -0.008 0.014 -0.032 + -0.037 + 0.048 + 0.022 + 0.325 0.014 + -2.293 + 

Hour 19 0.259 + 0.013 -0.004 -0.030 + -0.010 -0.065 + -0.039 + 0.049 + 0.022 + 0.304 0.011 + -1.961 + 

Hour 20 0.277 + -0.003 -0.023 -0.028 + -0.023 -0.079 + -0.070 + 0.047 + 0.021 + 0.271 0.009 + -1.709 + 

Hour 21 0.276 + 0.011 -0.008 -0.007 -0.001 -0.064 + -0.051 + 0.043 + 0.024 + 0.246 0.006 + -1.657 + 

Hour 22 0.210 + 0.005 -0.008 -0.004 0.024 + -0.055 + -0.027 + 0.040 + 0.021 + 0.217 0.003 + -1.304 + 

Hour 23 0.181 + -0.005 -0.006 -0.016 0.007 -0.041 + -0.003 0.035 + 0.021 + 0.175 0.001 -1.198 + 
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Model Parameter Estimates 

Table E-4 
Model Parameter Estimates—All 15/15 Cycling Events, Switch Customers 

Hour 
Beginning 

is_event 
day_of_ week 

[T.2] 
day_of_ week 

[T.3] 
day_of_ week 

[T.4] 
day_of_ week 

[T.5] 
day_of_ week 

[T.6] 
day_of_ week 

[T.7] 
CDH 

avg_daily_ 
temp_F 

groups RE 

previous_ 
days_avg_ 
temp_F 

Intercept 

Hour 0 0.049 + -0.012 -0.015 -0.007 -0.001 0.006 -0.015 0.023 + 0.000 0.133 0.018 + -1.138 + 

Hour 1 0.046 + -0.015 -0.025 + -0.014 0.008 -0.001 -0.006 0.023 + -0.001 0.084 0.016 + -0.951 + 

Hour 2 0.036 + 0.009 -0.023 + -0.007 0.014 + 0.006 0.000 0.022 + -0.001 + 0.054 0.013 + -0.735 + 

Hour 3 0.024 + 0.011 -0.018 + -0.005 0.001 0.013 0.002 0.023 + 0.000 0.043 0.009 + -0.589 + 

Hour 4 0.019 + -0.003 -0.032 + -0.009 -0.007 -0.002 -0.010 0.022 + 0.000 0.034 0.008 + -0.483 + 

Hour 5 0.034 + -0.017 + -0.043 + -0.026 + -0.011 -0.016 + -0.011 0.023 + 0.000 0.029 0.007 + -0.403 + 

Hour 6 0.022 + 0.028 + 0.000 0.021 + 0.024 + 0.022 + -0.001 0.025 + 0.000 0.053 0.008 + -0.519 + 

Hour 7 0.004 0.023 + 0.005 0.011 0.016 + 0.020 + 0.002 0.026 + -0.001 0.036 0.006 + -0.328 + 

Hour 8 0.008 -0.009 -0.038 + -0.026 + -0.017 + -0.005 -0.007 0.029 + -0.003 + 0.040 0.005 + -0.068 

Hour 9 0.005 -0.042 + -0.070 + -0.061 + -0.046 + -0.040 + -0.026 + 0.027 + -0.002 + 0.065 0.006 + -0.230 + 

Hour 10 0.028 + -0.068 + -0.083 + -0.066 + -0.071 + -0.046 + -0.035 + 0.024 + 0.003 + 0.081 0.009 + -0.758 + 

Hour 11 0.036 + -0.071 + -0.066 + -0.065 + -0.063 + -0.038 + -0.016 0.025 + 0.007 + 0.110 0.010 + -1.221 + 

Hour 12 0.041 + -0.067 + -0.048 + -0.042 + -0.078 + -0.035 + -0.020 + 0.025 + 0.012 + 0.156 0.013 + -1.696 + 

Hour 13 0.076 + -0.070 + -0.063 + -0.038 + -0.084 + -0.046 + -0.029 + 0.025 + 0.017 + 0.207 0.014 + -2.070 + 

Hour 14 0.056 + -0.081 + -0.058 + -0.031 + -0.091 + -0.031 + -0.038 + 0.025 + 0.023 + 0.236 0.013 + -2.417 + 

Hour 15 -0.459 + -0.073 + -0.041 + -0.032 + -0.067 + -0.017 -0.018 0.028 + 0.025 + 0.251 0.013 + -2.574 + 

Hour 16 -0.460 + -0.049 + -0.022 -0.029 + -0.050 + 0.006 -0.014 0.030 + 0.029 + 0.271 0.010 + -2.626 + 

Hour 17 -0.560 + -0.019 0.008 0.012 -0.013 0.020 0.003 0.032 + 0.030 + 0.296 0.009 + -2.574 + 

Hour 18 0.326 + 0.015 0.033 + 0.037 + 0.018 -0.004 0.006 0.031 + 0.030 + 0.307 0.008 + -2.485 + 

Hour 19 0.251 + -0.005 0.006 0.017 -0.005 -0.030 + -0.011 0.032 + 0.025 + 0.253 0.006 + -2.018 + 

Hour 20 0.209 + -0.022 + -0.008 -0.015 -0.024 + -0.036 + -0.040 + 0.031 + 0.023 + 0.206 0.005 + -1.710 + 

Hour 21 0.170 + -0.008 -0.011 0.000 -0.006 -0.040 + -0.030 + 0.027 + 0.024 + 0.224 0.004 + -1.689 + 

Hour 22 0.121 + 0.005 -0.012 0.006 0.002 -0.040 + -0.025 + 0.025 + 0.023 + 0.215 0.002 + -1.480 + 

Hour 23 0.137 + -0.012 -0.010 -0.003 -0.013 -0.045 + -0.009 0.021 + 0.022 + 0.183 0.001 + -1.376 + 
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Model Parameter Estimates 

Table E-5 
Model Parameter Estimates—All 22.5/7.5 Cycling Events, Switch Customers 

Hour 
Beginning 

is_event 
day_of_ week 

[T.2] 
day_of_ week 

[T.3] 
day_of_ week 

[T.4] 
day_of_ week 

[T.5] 
day_of_ week 

[T.6] 
day_of_ week 

[T.7] 
CDH 

avg_daily_ 
temp_F 

groups RE 

previous_ 
days_avg_ 
temp_F 

Intercept 

Hour 0 0.069 + -0.013 -0.017 -0.004 -0.006 0.010 -0.015 0.023 + 0.000 0.131 0.018 + -1.142 + 

Hour 1 0.041 + -0.016 + -0.026 + -0.014 0.002 0.005 -0.007 0.022 + -0.001 0.082 0.016 + -0.961 + 

Hour 2 0.032 + 0.009 -0.026 + -0.009 0.012 0.011 0.000 0.022 + -0.001 0.053 0.013 + -0.743 + 

Hour 3 0.032 + 0.010 -0.019 + -0.008 -0.001 0.017 + 0.002 0.022 + 0.000 0.043 0.009 + -0.591 + 

Hour 4 0.023 + -0.003 -0.034 + -0.011 -0.010 0.002 -0.010 0.022 + 0.000 0.034 0.008 + -0.494 + 

Hour 5 0.033 + -0.018 + -0.043 + -0.029 + -0.014 + -0.010 -0.011 0.023 + 0.000 0.028 0.007 + -0.406 + 

Hour 6 0.049 + 0.026 + 0.000 0.018 + 0.025 + 0.027 + -0.001 0.024 + 0.000 0.052 0.008 + -0.519 + 

Hour 7 0.032 + 0.021 + 0.004 0.009 0.018 + 0.023 + 0.002 0.026 + -0.001 0.036 0.006 + -0.328 + 

Hour 8 0.004 -0.011 -0.036 + -0.032 + -0.021 + 0.003 -0.007 0.028 + -0.003 + 0.039 0.004 + -0.084 

Hour 9 0.039 + -0.043 + -0.073 + -0.065 + -0.047 + -0.031 + -0.026 + 0.028 + -0.003 + 0.064 0.006 + -0.183 + 

Hour 10 0.069 + -0.069 + -0.091 + -0.067 + -0.070 + -0.038 + -0.035 + 0.024 + 0.002 + 0.080 0.009 + -0.725 + 

Hour 11 0.055 + -0.070 + -0.075 + -0.066 + -0.062 + -0.030 + -0.017 0.025 + 0.007 + 0.107 0.011 + -1.208 + 

Hour 12 0.025 -0.068 + -0.060 + -0.038 + -0.073 + -0.035 + -0.021 + 0.025 + 0.012 + 0.152 0.013 + -1.715 + 

Hour 13 0.020 -0.071 + -0.072 + -0.038 + -0.078 + -0.044 + -0.029 + 0.025 + 0.016 + 0.201 0.014 + -2.071 + 

Hour 14 0.028 -0.082 + -0.066 + -0.029 + -0.082 + -0.035 + -0.039 + 0.025 + 0.023 + 0.230 0.013 + -2.446 + 

Hour 15 -0.378 + -0.073 + -0.041 + -0.026 + -0.066 + -0.027 + -0.019 0.029 + 0.023 + 0.253 0.014 + -2.540 + 

Hour 16 -0.589 + -0.046 + -0.030 + -0.022 -0.043 + -0.006 -0.014 0.030 + 0.029 + 0.269 0.011 + -2.660 + 

Hour 17 -0.609 + -0.016 0.001 0.023 + -0.006 0.003 0.003 0.032 + 0.029 + 0.295 0.010 + -2.587 + 

Hour 18 0.254 + 0.018 0.031 + 0.037 + 0.019 -0.010 0.005 0.031 + 0.029 + 0.300 0.009 + -2.487 + 

Hour 19 0.369 + -0.009 0.002 0.019 0.002 -0.030 + -0.011 0.033 + 0.025 + 0.250 0.007 + -1.994 + 

Hour 20 0.328 + -0.028 + -0.010 -0.020 -0.015 -0.031 + -0.040 + 0.030 + 0.025 + 0.203 0.005 + -1.791 + 

Hour 21 0.190 + -0.015 -0.009 -0.005 0.001 -0.036 + -0.029 + 0.026 + 0.026 + 0.220 0.004 + -1.754 + 

Hour 22 0.114 + 0.001 -0.009 -0.004 0.005 -0.033 + -0.024 + 0.025 + 0.024 + 0.212 0.002 + -1.508 + 

Hour 23 0.092 + -0.014 -0.009 -0.009 -0.016 -0.033 + -0.008 0.021 + 0.022 + 0.179 0.001 -1.382 + 
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Model Parameter Estimates 

Table E-6 
Model Parameter Estimates—All 10/20 Cycling Events, Switch Customers 

Hour 
Beginning 

is_event 
day_of_ week 

[T.2] 
day_of_ week 

[T.3] 
day_of_ week 

[T.4] 
day_of_ week 

[T.5] 
day_of_ week 

[T.6] 
day_of_ week 

[T.7] 
CDH 

avg_daily_ 
temp_F 

groups RE 

previous_ 
days_avg_ 
temp_F 

Intercept 

Hour 0 0.000 -0.012 -0.020 + -0.003 -0.007 0.011 -0.015 0.022 + 0.000 0.129 0.018 + -1.169 + 

Hour 1 0.005 -0.015 -0.030 + -0.015 0.004 0.006 -0.007 0.022 + 0.000 0.082 0.016 + -0.974 + 

Hour 2 -0.026 0.009 -0.029 + -0.008 0.012 0.011 0.000 0.022 + -0.001 0.052 0.013 + -0.755 + 

Hour 3 -0.011 0.011 -0.021 + -0.006 -0.002 0.017 + 0.002 0.022 + 0.000 0.042 0.009 + -0.602 + 

Hour 4 0.002 -0.003 -0.035 + -0.010 -0.010 0.003 -0.010 0.021 + 0.000 0.033 0.008 + -0.502 + 

Hour 5 -0.004 -0.017 + -0.044 + -0.030 + -0.014 + -0.009 -0.011 0.022 + 0.000 0.028 0.007 + -0.408 + 

Hour 6 -0.024 + 0.028 + -0.001 0.015 + 0.026 + 0.027 + -0.001 0.024 + 0.000 0.052 0.008 + -0.527 + 

Hour 7 -0.012 0.022 + 0.004 0.008 0.017 + 0.020 + 0.001 0.025 + 0.000 0.035 0.006 + -0.345 + 

Hour 8 -0.033 + -0.009 -0.035 + -0.031 + -0.025 + 0.000 -0.008 0.028 + -0.003 + 0.038 0.005 + -0.097 + 

Hour 9 -0.051 + -0.041 + -0.068 + -0.065 + -0.055 + -0.032 + -0.026 + 0.026 + -0.002 + 0.062 0.006 + -0.242 + 

Hour 10 -0.040 + -0.068 + -0.083 + -0.069 + -0.076 + -0.039 + -0.035 + 0.024 + 0.003 + 0.078 0.009 + -0.739 + 

Hour 11 -0.057 + -0.071 + -0.068 + -0.066 + -0.067 + -0.031 + -0.017 0.025 + 0.007 + 0.106 0.010 + -1.177 + 

Hour 12 -0.042 + -0.068 + -0.055 + -0.040 + -0.078 + -0.033 + -0.020 + 0.025 + 0.011 + 0.150 0.013 + -1.657 + 

Hour 13 -0.017 -0.070 + -0.070 + -0.038 + -0.081 + -0.043 + -0.028 + 0.026 + 0.016 + 0.198 0.014 + -2.026 + 

Hour 14 -0.004 -0.081 + -0.064 + -0.027 + -0.089 + -0.031 + -0.038 + 0.026 + 0.023 + 0.228 0.013 + -2.387 + 

Hour 15 -0.245 + -0.073 + -0.047 + -0.026 + -0.060 + -0.025 + -0.019 0.029 + 0.024 + 0.254 0.014 + -2.578 + 

Hour 16 -0.223 + -0.049 + -0.027 + -0.022 -0.042 + -0.003 -0.014 0.030 + 0.028 + 0.275 0.011 + -2.624 + 

Hour 17 -0.238 + -0.019 0.005 0.023 + -0.008 0.007 0.003 0.033 + 0.029 + 0.302 0.010 + -2.559 + 

Hour 18 0.246 + 0.015 0.028 + 0.043 + 0.017 -0.004 0.006 0.031 + 0.029 + 0.299 0.008 + -2.464 + 

Hour 19 0.173 + -0.004 0.003 0.018 -0.006 -0.026 + -0.011 0.033 + 0.025 + 0.245 0.006 + -1.984 + 

Hour 20 0.117 + -0.022 + -0.012 -0.016 -0.029 + -0.026 + -0.041 + 0.031 + 0.023 + 0.198 0.005 + -1.676 + 

Hour 21 0.111 + -0.008 -0.013 -0.004 -0.007 -0.033 + -0.030 + 0.027 + 0.024 + 0.218 0.004 + -1.664 + 

Hour 22 0.054 + 0.005 -0.011 -0.001 -0.002 -0.029 + -0.024 + 0.025 + 0.023 + 0.210 0.002 + -1.466 + 

Hour 23 0.052 + -0.012 -0.009 -0.010 -0.017 -0.032 + -0.008 0.021 + 0.022 + 0.178 0.001 -1.374 + 
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F 
EVENTS EXCLUDED FROM THE IMPACT ANALYSIS 

A “successful” event means than an event was called and it appears to have been carried out as 
intended.  Access to the thermostat and switch-level data has been extremely useful in assessing 
this.  Some events have been excluded from the average impact estimates because they were not 
conducted as intended, namely: 

• Thermostat Event 1: It began, but a data outage occurred mid-way through. 

• Thermostat Event 4: A thermostat temperature set point analysis revealed that this first 
precool event was not conducted consistently across all customers.  Subsequent events 
involving precooling seem to have been conducted consistently, so it may have been a “first 
time” glitch.  Section 5 details the thermostat set point data analysis that revealed this issue. 

• Thermostat Event 14: it appears to have not taken place at all based on the load curve, and an 
analysis seeking event flags in the thermostat data confirmed this. 

• Switch Events 3, 12, 23, and 24: these appear to have not taken place at all based on the load 
curves, and an analysis of event flags in the switch data confirmed this. 

• Switch Events 2, 5, 6, and 9 (as well as 3 and 12 mentioned above): As previously 
mentioned, all the 20/10 switch events were actually conducted such that customers’ units 
were cycled off for 10 minutes, and then allowed to run for the next 20 minutes.  This is the 
reverse of what was originally intended, and Section 5 details the data analysis that revealed 
this issue. 

One final issue is that switch Events 21 and 25 appear to have started an hour late, at 4:00 p.m. 
Central, and Event 21 also ended an hour late, at 7:00 p.m. Central.  However, these events have 
still been included in the impact estimates presented in Section 4. 
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G 
THERMOSTAT IMPACTS PER EVENT 
(QUASI-EXPERIMENTAL) 

These results and load shapes are for each individual event, and are provided for illustration 
only.  The overall pilot impact estimates are presented in Section 4, and are based on multiple 
event days. 
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Table G-1 
Thermostat impacts per event, 2015 (quasi-experimental) 

Event 
# 

Date 
Max 
Temp 

Strategy 
Opt 
Outs 

Quasi-Experimental Impact Results 
(kW per Customer) 

Pre-Cool 
(1-3pm) 

Event 
(3-6pm) 

Snapback 
(6-8pm) 

Snapback 
(8pm-12am) 

1* 7/31/2015 93 Failed (intended 15/15) 1 N/A N/A N/A N/A 

2 8/4/2015 87 offset +3°F 15 -0.09 (NS) -0.94 0.59 0.29 

3 8/6/2015 81 offset +3°F 4 -0.13 (NS) -0.86 0.36 0.18 

4** 8/7/2015 93 Failed (intended precool) 15 N/A N/A N/A N/A 

5 8/13/2015 89 precool -3°F/ offset +3°F 18 0.91 -1.06 0.5 0.34 

6 8/14/2015 91 offset +3°F 23 0.20 -0.94 0.71 0.36 

7 8/21/2015 86 precool -3°F/ offset +3°F 12 0.34 -0.76 0.23 0.11 (NS) 

8 9/2/2015 93 precool -3°F/ offset +3°F 14 0.61 -1.27 0.45 0.22 

9 9/3/2015 95 offset +3°F 31 -0.04 (NS) -1.19 0.44 0.26 

All kW impacts are significant at the 95% level, unless listed as NS, which means not statistically different than zero. 

Only the ‘precool -3°F/offset +3°F’ control strategy actually involved precooling.  The precool column for all other control strategies is included here 
for comparison purposes only, and while some results are statistically significant, they are usually quite small and thus practically not significant. 

* Event begins, but a data outage seems to have occurred halfway through the event. 

**Excluded because set point adjustment appears not to have been applied consistently to all participants. 
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Thermostat Impacts per Event 
(Quasi-experimental) 

Table G-2 
Thermostat impacts per event, 2016 (quasi-experimental) 

Event 
# 

Date Max Temp Strategy Opt Outs 

Quasi-Experimental Impact Results 
(kW per Customer) 

Pre-Cool 
(1-3pm) 

Event 
(3-6pm) 

Snapback 
(6-8pm) 

Snapback 
(8pm-12am) 

10 6/15/2016 101 precool -3F°/ offset +3°F 19 0.85 -1.43 0.19 0.32 

11 6/16/2016 98 precool -3F°/ offset +3°F 11 0.87 -1.37 0.19 0.22 

12 6/22/2016 93 15/15 2 0.25 -0.48 0.21 0.25 

13 6/24/2016 92 15/15 3 0.11 (NS) -0.23 0.31 0.27 

14* 7/5/2016 96 Failed (intended precool) N/A N/A N/A N/A N/A 

15 7/20/2016 97 precool -3°F/ offset +3°F 18 0.7 -1.27 0.36 0.40 

16 7/21/2016 99 precool -3°F/ offset +3°F 23 0.64 -1.34 0.22 0.32 

17 8/1/2016 87 15/15 3 -0.03 (NS) -0.36 0.21 0.20 

18 8/3/2016 90 15/15 2 0.29 -0.3 0.33 0.27 

19 8/10/2016 94 15/15 2 0.3 -0.47 0.31 0.40 

20 8/11/2016 96 offset +3°F 24 0.33 -1.02 0.44 0.90 

21 8/17/2016 92 precool -3°F/ offset +3°F 14 0.98 -1.03 0.55 0.33 

22 8/18/2016 93 precool -3°F/ offset +3°F 7 0.94 -1.33 0.14 (NS) 0.22 

23 9/6/2016 92 precool -3F°/ offset +3°F 14 0.91 -1.23 0.33 0.17 

24 9/7/2016 88 precool -3°F/ offset +3°F 8 0.74 -1.27 -0.04 (NS) 0.01 (NS) 

25 9/20/2016 95 offset +3°F 27 -0.17 -1.11 0.48 0.36 

26 9/21/2016 90 precool -3°F/ offset +3°F 14 0.89 -1.25 0.06 (NS) 0.07 (NS) 

All kW impacts are significant at the 95% level, unless listed as NS, which means not statistically different than zero. 

Only ‘precool -3°F/offset +3°F’ control strategy actually involved precooling.  The precool column for all other control strategies is included here for 
comparison purposes only, and while some results are statistically significant, they are usually quite small and thus practically not significant. 

* It appears that no customers received the event 
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Thermostat Impacts per Event 
(Quasi-experimental) 
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Thermostat Impacts per Event 
(Quasi-experimental) 
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Thermostat Impacts per Event 
(Quasi-experimental) 
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Thermostat Impacts per Event 
(Quasi-experimental) 
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Thermostat Impacts per Event 
(Quasi-experimental) 
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Thermostat Impacts per Event 
(Quasi-experimental) 
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Thermostat Impacts per Event 
(Quasi-experimental) 
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H 
SWITCH IMPACTS PER EVENT 
(QUASI-EXPERIMENTAL) 

These results and load shapes are for each individual event, and are provided for illustration 
only.  The overall pilot impact estimates are presented in Section 4, and are based on multiple 
event days. 
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Table H-1 
Switch impacts per event, 2015 (quasi-experimental) 

Event 
# 

Date 
Max 
Temp 

Strategy* 
Opt 
Outs 

Quasi-Experimental Impact Results 
(kW per Customer) 

Pre-Cool 
(1-3pm) 

Event 
(3-6pm) 

Snapback 
(6-8pm) 

Snapback 
(8pm-12am) 

1 7/31/2015 93 15/15 cycle 0 0.21 -0.28 0.42 0.14 

2 8/4/2015 87 Error (10/20 cycle) 0 -0.14 -0.28 0.12 0.04 (NS) 

3** 8/6/2015 81 Failed (10/20 cycle) 0 N/A N/A N/A N/A 

4 8/7/2015 93 15/15 cycle 0 0.07 (NS) -0.42 0.34 0.03 (NS) 

5 8/13/2015 89 Error (10/20 cycle) 0 0.06 (NS) -0.16 0.26 0.11 

6 8/14/2015 91 Error (10/20 cycle) 0 0.08 (NS) -0.20 0.21 0.07 (NS) 

7 8/21/2015 86 15/15 cycle 0 -0.19 -0.31 0.12 0.04 (NS) 

8 9/2/2015 93 15/15 cycle 0 -0.06 (NS) -0.51 0.23 0.09 (NS) 

9 9/3/2015 95 Error (10/20 cycle) 0 0.02 (NS) -0.36 0.14 0.03 (NS) 

All kW impacts are significant at the 95% level, unless listed as NS, which means not statistically different than zero. 

No control strategy in this table actually involved precooling.  The precool column is included here for comparison purposes only, and while some 
results are statistically significant, most are quite small and thus practically not significant. 

* It appears the strategy was erroneously conducted as 10 min off/ 20 min on; the intention was 20 in off/10 min on 
** It appears that no customers received the event 
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Switch Impacts Per Event 
(Quasi-experimental) 

Table H-2 
Switch impacts per event, 2016 (quasi-experimental) 

Event 
# 

Date Max Temp Strategy* Opt Outs 

Quasi-Experimental Impact Results 
(kW per Customer) 

Pre-Cool 
(1-3pm) 

Event 
(3-6pm) 

Snapback 
(6-8pm) 

Snapback 
(8pm-12am) 

10 6/15/2016 101 15/15 0 -0.12 -0.72 0.21 0.19 

11 6/16/2016 98 15/15 0 -0.03 (NS) -0.63 0.24 0.15 

12** 6/22/2016 93 Failed (10/20) 0 N/A N/A N/A N/A 

13 6/24/2016 92 Error (10/20 cycle) 0 -0.04 (NS) -0.19 0.33 0.15 

14 7/5/2016 96 15/15 0 0.12 -0.42 0.32 0.18 

15 7/20/2016 97 15/15 0 0.16 -0.55 0.38 0.31 

16 7/21/2016 99 15/15 0 0.18 -0.63 0.34 0.27 

17 8/1/2016 87 22.5/7.5 0 -0.01 (NS) -0.43 0.30 0.04 (NS) 

18 8/3/2016 90 22.5/7.5 0 0.16 -0.42 0.56 0.21 

19 8/10/2016 94 15/15 0 0.23 -0.45 0.21 0.17 

20 8/11/2016 96 22.5/7.5 0 0.35 -0.50 0.45 0.40 

21 8/17/2016 92 22.5/7.5 0 -0.01 (NS) -0.37 0.05 (NS) 0.39 

22 8/18/2016 93 22.5/7.5 0 -0.10 (NS) -0.73 0.32 0.22 

23** 9/6/2016 92 Failed (15/15) 0 N/A N/A N/A N/A 

24** 9/7/2016 88 Failed (15/15) 0 N/A N/A N/A N/A 

25 9/20/2016 95 22.5/7.5 0 -0.19 -0.56 0.27 0.17 

26 9/21/2016 90 22.5/7.5 0 -0.08 (NS) -0.68 0.13 -0.03 (NS) 

All kW impacts are significant at the 95% level, unless listed as NS, which means not statistically different than zero. 

No switch control strategy in this table actually involved precooling. The precool column is included here for comparison purposes only, and while some results are statistically 
significant, most are quite small and thus practically not significant. 
* It appears the strategy was conducted as 10 min off/ 20 min on; the intention was 20 in off/10 min on 
** It appears that no customers received the event 
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Switch Impacts Per Event 
(Quasi-experimental) 
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Switch Impacts Per Event 
(Quasi-experimental) 
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Switch Impacts Per Event 
(Quasi-experimental) 
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Switch Impacts Per Event 
(Quasi-experimental) 
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Switch Impacts Per Event 
(Quasi-experimental) 
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Switch Impacts Per Event 
(Quasi-experimental) 
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I 
AC DUTY CYCLING ANALYSIS (2015) 

A 2015 investigation used thermostat compressor runtime data and switch-generated compressor 
consumption data to calculate the customers’ average air conditioning duty cycle. This was 
performed for events that were randomized, meaning a cohort of customers that did not 
experience the events was available for comparison.  An example of this duty cycle analysis is 
shown in Figure I-1 (note the Y axis is duty cycle or fraction of time the compressor was 
running, not kW).  From the analysis it appeared that the “normal” (i.e., baseline) duty cycle of 
customers’ air conditioners was in the 60% range during the period when events would be called. 
If ACs were only running about 60% of the time, anyway (the top chart in Figure I-1), it stands 
to reason that conducting an event to limit the ACs to run only 50% of the time (i.e., the 15/15 
strategy) would only reduce loads by a limited amount. 

It appears that the offset strategy does a better job of reducing load from ACs that may not be 
running very much to begin with (the bottom chart in Figure I-1). 

Figure I-1 
Air conditioner duty cycle analysis for Event 8 
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J 
EXPERIMENTAL ANALYSIS RESULTS 

This appendix contains the results of the experimental analysis, which applies only to the events 
that were “randomized.”  That is, the eight events (four in 2015 and four in 2016) in which only 
a random 50-60% of each customer group was assigned to participant in the event.  The other 
portion, the non-participants, did not receive the event can thus act as a control group.  This 
“randomized events” method is an example of a randomized controlled trial (RCT), and is 
generally considered to be more rigorous than quasi-experimental approaches. 

Although only eight events were conducted as an RCT (none of which were on hotter days with 
the maximum temperatures ≥ 95°F), performing a parallel experimental analysis of these events 
can be useful for comparison to the quasi-experimental results. The randomized events also 
proved useful for other unforeseen tasks, e.g., conducting the duty cycle analysis in Appendix I. 

The experimental analysis uses a “difference in differences” approach, meaning it first calculates 
the difference in usage on event and similar weather on-event days, for both event participants 
and non-participants. (Note that usage on similar weather non-event-days is still an estimate 
from the model described in Section 3.)  It then calculates the difference of the above two 
differences. Even though participant and non-participant groups were randomly assigned for 
each event, this difference in approach helps control for any potential differences between these 
two groups. 

Table J-1 contains the experimental results for each randomized event and also compares them to 
the quasi-experimental results.  The greyed out result cells are the more conservative of the two 
estimates. 

In most cases, the quasi-experimental results provide more conservative event impact estimates, 
although this is not always the case, in particular for thermostat Events 22 and 24, as well switch 
Event 7 and possibly 22.  A plot event impacts with temperature suggests that perhaps quasi-
experimental results yield more conservative estimates at higher temperatures (Figure J-1). 

Regardless, the overall implications are that the quasi-experimental analysis does a reasonable 
job of estimating impacts as compared to the experimental analysis, and for the most part, the 
quasi-experimental estimates are generally more conservative.  Given this, and the fact that the 
quasi-experimental analysis includes a wider range of events, the quasi-experimental (versus the 
experimental) analysis was used to calculate the pilot impacts. 
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Table J-1 
Experimental results comparison to quasi-experimental results (all events) 

Event 
Control 
Strategy 

Event 
# 

Max 
Temp 
( ° F) 

Experimental Results Quasi Experimental Results 

Load Impact Results per Customer 
kW 

Net Energy 
Impacts 
kWh 

Load Impact Results per Customer 
kW 

Net Energy 
Impacts 
kWh 

Precool 
1-3pm 

Event 
3-6pm 

Snapback 
6-8pm 

Snapback 
8pm-12am 

3pm-12am/ 
1pm-12am* 

Precool 
1-3pm 

Event 
3-6pm 

Snapback 
6-8pm 

Snapback 
8pm-12am 

3pm-12am/ 
1pm-12am* 

Thermostats 

offset +3F 
3 81 N/A -0.62 0.22 0.07 -1.15 N/A -0.86 0.36 0.18 -1.14 

6 91 N/A -1.20 0.44 0.25 -1.74 N/A -0.94 0.71 0.36 0.02 

precool 
-3F/ 

offset +3F 

7 86 0.41 -0.81 0.11 0.03 -1.26 0.34 -0.76 0.23 0.11 -0.72 

8 93 0.49 -1.45 0.22 0.10 -2.53 0.61 -1.27 0.45 0.22 -0.82 

21 92 0.79 -1.35 0.17 0.03 -2.00 0.98 -1.03 0.55 0.33 1.28 

22 93 1.11 -1.10 0.24 0.25 0.41 0.94 -1.33 0.14 0.22 -0.95 

23 92 0.83 -1.28 0.36 0.15 -0.88 0.91 -1.23 0.33 0.17 -0.57 

24 88 1.15 -0.98 0.06 0.01 -0.47 0.74 -1.27 -0.04 0.20 -1.61 

Switches 

15/15 cycle 
7 86 N/A -0.17 0.28 0.13 0.60 N/A -0.31 0.12 0.04 -0.53 

8 93 N/A -0.59 0.15 0.07 -1.18 N/A -0.51 0.23 0.09 -0.71 

22.5/7.5 
cycle 

21 92 N/A -0.62 -0.19 0.23 -1.35 N/A -0.37 0.05 0.39 0.57 

22 93 N/A -0.52 0.31 0.18 -0.21 N/A -0.73 0.32 0.22 -0.67 

10/20 cycle 6 91 N/A -0.34 0.09 0.06 -0.59 N/A -0.20 0.21 0.07 0.11 

Greyed out values are the more conservative of the experimental vs. quasi-experimental estimates.  For precool and snapback impacts, more 
positive is more conservative.  For event impacts, less negative is more conservative.  For net kWh, more positive is more conservative. 
*This value is net kWh for 1:00 pm-12:00 am for thermostat precool strategy only, and 3:00 pm-12:00 am for the rest. 
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Figure J-1 
Event impact variation with temperature, experimental and quasi-experimental results 
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COAL 

ADVANCED PULVERIZED COAL 
100-MW share of a 1,300-MW, dual unit, coal plant that burns pulverized coal to produce steam, 
which is then run through a steam turbine connected to a generator to produce electricity. 

ADVANCED PULVERIZED COAL WITH CARBON CAPTURE AND SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an advanced pulverized 
coal unit while capturing 90% of emitted carbon-dioxide (CO2). 

INTEGRATED GASIFICATION COMBINED CYCLE 
100-MW share of a 1,200-MW, dual unit, integrated gas combined cycle plant using a gasifier to 
convert a water-based coal slurry to synthetic gas, which is then used in a gas turbine to 
produce electricity. Waste heat from the gas turbine is recovered to create steam, which drives 
a steam turbine producing more electricity — a combined cycle system. 

INTEGRATED GASIFICATION COMBINED CYCLE WITH CARBON CAPTURE AND 
SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an integrated gas 
combined cycle unit while capturing 90% of emitted CO2. 

ULTRA SUPERCRITICAL PULVERIZED COAL 
100-MW share of a 650-MW ultra supercritical pulverized coal plant that operates at an ultra-
high steam pressure and temperature, increasing operating efficiency. 

ULTRA SUPERCRITICAL COAL WITH CARBON CAPTURE AND SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an ultra supercritical coal 
unit while capturing 30% of emitted CO2. 

NATURAL GAS 

CONVENTIONAL COMBUSTION TURBINE 
100-MW, dual unit, natural gas-fired combustion turbine facility, modeled after the same 
aeroderivative LM-6000 units utilized at LES’ Terry Bundy Generating Station.  Combustion 
turbines draw in air at the front, compresses it, mix it with fuel, and then ignite it. The hot gases 
expand through turbine blades connected to a generator to produce electricity. 

ADVANCED COMBUSTION TURBINE 
100-MW share of a 237-MW natural gas-fired combustion turbine, utilizing a larger, heavy frame 
“F-class” unit. 

CONVENTIONAL COMBINED CYCLE 
100-MW share of a 702-MW natural gas-fired combined cycle plant. Two heavy frame “F-class” 
combustion turbines drive generators and exhaust heat into a special boiler called a heat 
recovery steam generator to produce additional electricity. 

ADVANCED COMBINED CYCLE 
100-MW share of a 429-MW natural gas-fired combined cycle plant, utilizing a single, larger 
heavy frame “H-class” combustion turbine to support the heat recovery steam generator. 



   
 

 
 

 
     

  
 

  
    

 
 

 
 

 
    

    
  

 
 

 
 

 
    

   
 

 
    

  
  

 
 

   
  

 
 

   
   

 
 

    
 

 
  

   
     

 
 

  

ADVANCED COMBINED CYCLE WITH CARBON CAPTURE AND SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an advanced combined 
cycle unit while capturing 90% of emitted CO2. 

FUEL CELL 
10-MW facility based on twenty-five 400-kW phosphoric acid fuel cell units. The fuel cells use 
natural gas and air vapor to create electricity through a chemical energy conversion. 

RECIPROCATING INTERNAL COMBUSTION TURBINE ENGINE 
85-MW facility based on five 17-MW engine generating sets. The units use a spark-ignited, 
piston-driven engine connected to a generator to produce electricity. 

NUCLEAR 

ADVANCED NUCLEAR 
100-MW share of a dual unit, 2,234-MW facility using nuclear fission to release energy that can 
be used to generate steam, which powers a steam turbine to generate electricity. The plant is 
assumed to be built at a brownfield site, or the site of an existing nuclear facility.  Use of a 
brownfield site lowers the initial construction costs of the plant by leveraging some existing site 
work and infrastructure. 

RENEWABLE 

BIOMASS BUBBLING FLUIDIZED BED 
50-MW facility that burns approximately 2,000 tons of wood per day to produce steam, which is 
then run through a steam turbine connected to a generator to produce electricity. 

BIOMASS COMBINED CYCLE 
20-MW facility using a gasifier to convert approximately 500 tons of wood per day to synthetic 
gas, which is then used in a gas turbine to produce electricity. Waste heat from the gas turbine 
is recovered to create steam, which drives a steam turbine in a combined cycle system. 

GEOTHERMAL BINARY 
50-MW unit that harnesses heat provided naturally by the earth to warm a geothermal brine that 
in turn powers a turbine-generator. 

GEOTHERMAL DUAL FLASH 
50-MW geothermal unit that uses a heated geothermal brine to power a two stage steam 
turbine, utilizing both high and low pressure steam to drive a single generator. 

HYDROELECTRIC 
100-MW share of a 500-MW plant using an upstream reservoir to control the flow of water 
powering turbine-generators. 

MUNICIPAL SOLID WASTE 
50-MW facility that burns approximately 2,000 tons of municipal solid waste per day to produce 
steam, which is then run through a steam turbine connected to a generator to produce 
electricity. 



 
   

    
 

 
 

 
 

 
   
   

   
 

  
  

  
 

 
  

  
    

 
 

 
 

    
  

 
 

 
  

   
   

   
   

OFFSHORE WIND 
100-MW share of a 400-MW facility based on 80 5.0-MW turbines, each using the wind to spin a 
rotor that drives a generator. Turbines are located off the ocean shore and designed to 
withstand the conditions of the high seas. 

ONSHORE WIND 
100-MW, dry land facility based on 56 1.79-MW turbines. 

SOLAR THERMAL 
100-MW concentrated solar power facility, using dual-axis tracking mirrors to concentrate 
sunlight on to a tank atop a tall tower. Liquid molten salts are then heated within the tank and 
passed through a steam boiler used to power a steam turbine-generator. 

UTILITY-SCALE SOLAR PHOTOVOLTAICS – FIXED 
100-MW share of a 150-MW facility that employs fixed-position solar panels, each composed of 
a number of solar cells containing a photovoltaic material, to generate power by converting solar 
radiation into electricity. 

UTILITY-SCALE SOLAR PHOTOVOLTAICS – SINGLE-AXIS TRACKING 
100-MW share of a 150-MW facility that employs horizontal, single-axis tracking solar panel 
assemblies, each tracking the sun across the sky from east to west. 

STORAGE 

BATTERY STORAGE 
4-MW facility, with 2 MWh of energy storage, using lithium-ion batteries. The batteries are 
charged during periods of low-cost electricity and discharged during periods of higher-cost 
electricity. 

PUMPED STORAGE 
100-MW share of a 250-MW facility using reversible turbine generators that are also capable of 
being operated as pumps.  During periods of low-cost electricity, the turbines operate in reverse, 
pumping water from a lower reservoir to a higher-elevation reservoir.  During periods of higher-
cost electricity, the water flows naturally from the higher-elevation reservoir and through the 
turbines to drive generators that produce electricity. 
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Resource Alternatives - Modeling Data Assumptions 

Technology Fuel 

Nominal Ownership 

(MW) 

Accredited Capacity 

(%) 

Operating Life 

(Years) 

Financing Life 

(Years) 

1,2
Nominal Heat Rate 

(Btu/kWh) 

3,4
Construction Schedule 

(Years) 

5,6
Forced Outage Rate 

(%) 

1
CO2 Emissions 

(lb/MMBtu) 

1
Capital Cost 

(2017 $/kW) 

1
Fixed O&M 

(2017 $/kW yr) 

1
Variable O&M 

(2017 $/MWh) 

Advanced Nuclear Uranium 100 100% 60 30 10,459 6 4.00% 0 $5,954 $102 $2 

Advanced Pulverized Coal Coal 100 100% 60 30 8,800 4 6.00% 206 $3,030 $34 $5 

Advanced Pulverized Coal with CCS Coal 100 100% 60 30 12,000 4 6.00% 20.6 $4,931 $72 $10 

Battery Storage --- 4 100% 15 15 N/A 1 2.00% N/A $2,875 $41 $8 

Biomass - Bubbling Fluidized Bed Biomass 50 100% 50 30 13,500 4 9.00% 195 $4,891 $112 $4 

Biomass - Combined Cycle Biomass 20 100% 50 30 12,350 4 9.00% 195 $8,538 $388 $19 

Combustion Turbine - Advanced Natural Gas 100 100% 50 30 9,800 2 3.00% 117 $693 $7 $11 

Combustion Turbine - Conventional Natural Gas 100 100% 50 30 10,000 2 3.00% 117 $1,103 $18 $4 

Fuel Cells Natural Gas 10 100% 20 20 9,500 3 2.00% 130 $7,574 $0 $47 

Geothermal - Binary --- 50 100% 50 30 9,510 4 0.75% 120 $4,742 $109 $0 

Geothermal - Dual Flash --- 50 100% 50 30 9,510 4 0.75% 120 $6,787 $144 $0 

Hydroelectric Hydro 100 100% 50 30 N/A 4 5.00% 0 $3,192 $15 $0 

Integrated Gasification Combined Cycle Coal 100 100% 60 30 8,700 4 8.00% 206 $3,950 $56 $8 

Integrated Gasification Combined Cycle with CCS Coal 100 100% 60 30 10,700 4 8.00% 20.6 $6,744 $90 $9 

Municipal Solid Waste Waste 50 100% 50 30 18,000 3 5.00% 200 $9,038 $429 $10 

Natural Gas Combined Cycle - Advanced Gas 100 100% 50 30 6,300 3 4.00% 117 $1,128 $10 $2 

Natural Gas Combined Cycle - Advanced with CCS Gas 100 100% 50 30 7,525 3 4.00% 12 $2,141 $35 $7 

Natural Gas Combined Cycle - Conventional Gas 100 100% 50 30 6,600 3 4.00% 117 $1,000 $11 $4 

Offshore Wind --- 100 15% 30 30 N/A 3 5.00% 0 $6,842 $81 $0 

Onshore Wind --- 100 15% 30 30 N/A 3 5.00% 0 $1,976 $41 $0 

Photovoltaic - Fixed --- 100 50% 30 30 N/A 2 0.00% 0 $2,400 $22 $0 

Photovoltaic -Tracking --- 100 50% 30 30 N/A 2 0.00% 0 $2,460 $22 $0 

Pumped Storage --- 100 100% 50 30 N/A 3 3.00% 0 $5,750 $20 $0 

Reciprocating Internal Combustion Engine Natural Gas 85 100% 50 30 7,900 2 3.00% 117 $1,372 $7 $6 

Solar Thermal --- 100 50% 30 30 N/A 3 6.00% 0 $5,343 $73 $0 

Ultra Supercritical Coal Coal 100 100% 60 30 8,800 4 6.00% 206 $3,716 $43 $5 

Ultra Supercritical Coal with CCS Coal 100 100% 60 30 9,750 4 6.00% 144 $5,196 $72 $7 

Notes: 

1) Unless otherwise noted, all data derived from the following: 

2016 Capital Cost Estimates for Utility Scale Electricity Generating Plants , U.S. Energy Information Administration, Nov., 2016. 

Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants , U.S. Energy Information Administration, Apr., 2013. 

2) Advanced Nuclear , Geothermal - Binary , Geothermal - Dual Flash , and Reciprocating Internal Combustion Engine  data derived from the following: 

Assumptions to the Annual Energy Outlook 2017, U.S. Energy Information Administration, Table 8.2, Jul., 2017. 

3) Unless otherwise noted, all data derived from the following: 

Assumptions to the Annual Energy Outlook 2017, U.S. Energy Information Administration, Table 8.2, Jul., 2017. 

4) Battery Storage  and Pumped Storage  data derived from the following: 

2012 Lincoln Cooperative Integrated Resource Plan , Lincoln Electric System, Dec, 2012. 

5) Unless otherwise noted, all data derived from the following: 

2012 Lincoln Cooperative Integrated Resource Plan , Lincoln Electric System, Dec, 2012. 

6) Fuel Cells  and Municipal Solid Waste  data based upon general industry knowledge. 
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2030 

2040 

2041 

2041 

NPV 

CT 

RICE 

RICE 

DSM - Smart Tstat 

$4,644M 

2030 

2040 

2041 

2041 

NPV 

CT 

RICE 

RICE 

DSM - Smart Tstat 

$5,063M 

2030 

2040 

2041 

2041 

NPV 

NGCC 

RICE 

RICE 

DSM - Smart Tstat 

$5,464M 

2030 

2040 

2041 

2041 

NPV 

NGCC 

RICE 

RICE 

DSM - Smart Tstat 

$5,863M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$6,261M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$6,655M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$7,050M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$7,444M 

2030 

2031 

NPV 

NGCC 

NGCC 

$7,835M 

2030 
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NPV 

NGCC 

NGCC 

$8,222M 
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2
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0

 

2030 

2040 

2041 

2041 

NPV 

CT 

RICE 

RICE 

DSM - Smart Tstat 

$4,847M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,297M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,738M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,180M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,621M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$7,062M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$7,504M 

2030 

2032 

NPV 

DSM - SEP 

WAPA 

$7,943M 

2030 

2032 

NPV 

DSM - SEP 

WAPA 

$8,383M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - Smart Tstat 

$8,783M 

$
3

.0
0

 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$4,959M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,397M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,834M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,271M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,708M 

2030 

2032 

NPV 

DSM - SEP 

WAPA 

$7,145M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind 

$7,573M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,976M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,366M 

(2) 2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,756M 

$
4

.0
0

 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$5,068M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$5,504M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

Wind 

$5,935M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$6,356M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,765M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$7,175M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,575M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,967M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,358M 

(2) 2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,750M 

$
5

.0
0

 

2030 

2040 

2041 

NPV 

WAPA 

DSM - Smart Tstat 

Wind (2) 

$5,152M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - Smart Tstat 

Wind (2) 

$5,569M 

2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,980M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,390M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,800M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,205M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,598M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,990M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,382M 

(2) 2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,775M 

$
6

.0
0

 

2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,186M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$5,597M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,007M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,417M 

2030 

2032 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,825M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,220M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,612M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,004M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,397M 

(2) 2030 

2030 

2041 

NPV 

Nuclear 

Wind (2) 

DSM - SEP 

$8,760M 

$
7

.0
0

 

2030 

2035 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,218M 

2030 

2036 

2040 

2041 

NPV 

WAPA 

Wind 

DSM - SEP 

Wind 

$5,627M 

2030 

2035 

2040 

2041 

NPV 

WAPA 

Wind 

DSM - SEP 

Wind 

$6,035M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,440M 

2030 

2030 

2036 

2041 

NPV 

Wind 

WAPA 

Wind 

DSM - SEP 

$6,843M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,237M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,629M 

2030 

2030 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$7,987M 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

$8,331M 

(2) 

2030 
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1) Data reflects EGEAS' lowest cost expansion plan for each scenario. 1) Shaded cells indicate a resource's inclusion within the 2017 - 2041 study period; the darker 

2) NPV cost value reflects LES' total net power costs over both the 2017 - 2041 study period and the 2042 - 2071 extension period.      the shading, the earlier a resource was selected.  A key is provided below: 
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Sensitivity 1: Annual Adjustment of Wind Capital Costs (+2.2% → -0.8%) 
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CT NGCC 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

DSM - SEP DSM - Smart Tstat 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Solar PV Wind 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Coal - USC/CCS Nuclear 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Notes: Notes: 

1) Data reflects EGEAS' lowest cost expansion plan for each scenario. 1) Shaded cells indicate a resource's inclusion within the 2017 - 2041 study period; the darker 

2) NPV cost value reflects LES' total net power costs over both the 2017 - 2041 study period and the 2042 - 2071 extension period.      the shading, the earlier a resource was selected.  A key is provided below: 
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EGEAS Expansion Plans 

Sensitivity 2: Annual Adjustment of Wind Capital Costs (+2.2% → -0.8%), Accredited Wind Capacity (15% → 25%) 

CO2 Value 
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CT NGCC 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

DSM - SEP DSM - Smart Tstat 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Solar PV Wind 
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$0 ---------------------------------- $45 $0 ---------------------------------- $45 
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$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Notes: Notes: 

1) Data reflects EGEAS' lowest cost expansion plan for each scenario. 1) Shaded cells indicate a resource's inclusion within the 2017 - 2041 study period; the darker 

2) NPV cost value reflects LES' total net power costs over both the 2017 - 2041 study period and the 2042 - 2071 extension period.      the shading, the earlier a resource was selected.  A key is provided below: 
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EGEAS Expansion Plans 

Sensitivity 3: Solar PV ITC (0% → 10%), Annual Adjustment of Solar PV Capital Costs (+2.2% → -2.0%) 
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CT 

RICE 

RICE 
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2041 

NPV 
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RICE 
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NPV 
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RICE 

RICE 
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NPV 
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RICE 
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Solar PV 

Solar PV 
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2041 

NPV 
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Solar PV 

Solar PV 
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CT NGCC 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

DSM - SEP DSM - Smart Tstat 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Solar PV Wind 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Coal - USC/CCS Nuclear 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Notes: Notes: 

1) Data reflects EGEAS' lowest cost expansion plan for each scenario. 1) Shaded cells indicate a resource's inclusion within the 2017 - 2041 study period; the darker 

2) NPV cost value reflects LES' total net power costs over both the 2017 - 2041 study period and the 2042 - 2071 extension period. the shading, the earlier a resource was selected.  A key is provided below: 
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EGEAS Expansion Plans 

Sensitivity 4: Solar PV ITC (0% → 10%), Annual Adjustment of Solar PV Capital Costs (+2.2% → -2.0%), Accredited Solar PV Capacity (50% → 75%) 
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($/Ton, 2020$) 
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DSM - SEP 

DSM - Smart Tstat 

$7,444M 

2030 

2031 

NPV 

NGCC 

NGCC 

$7,835M 

2030 

2031 

NPV 

NGCC 

NGCC 

$8,222M 

$
2

.0
0

 

2030 

2040 

2041 

2041 

NPV 

CT 

RICE 

RICE 

DSM - Smart Tstat 

$4,847M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,297M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,738M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,180M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,621M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$7,062M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$7,504M 

2030 

2032 

NPV 

DSM - SEP 

WAPA 

$7,943M 

2030 

2032 

2039 

NPV 

Wind 

Solar PV 

DSM - SEP 

$8,371M 

(2) 2030 

2032 

2040 

NPV 

Wind 

Solar PV 

Solar PV 

$8,759M 

(2) 

$
3

.0
0

 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$4,959M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,397M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,834M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,271M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,708M 

2030 

2032 

2041 

NPV 

DSM - SEP 

Solar PV 

Solar PV 

$7,144M 

2030 

2032 

2041 

NPV 

DSM - SEP 

Solar PV 

Solar PV 

$7,569M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,958M 

2030 

2032 

2040 

NPV 

Wind 

Solar PV 

Solar PV 

$8,340M 

(2) 2030 

2032 

2040 

NPV 

Wind 

Solar PV 

Solar PV 

$8,722M 

(2) 

$
4

.0
0

 

2030 

2040 

NPV 

NGCC 

Solar PV 

$5,066M 

2030 

2040 

NPV 

NGCC 

Solar PV 

$5,500M 

2030 

2040 

2041 

NPV 

WAPA 

Wind 

Solar PV 

$5,932M 

2030 

2032 

2041 

NPV 

DSM - SEP 

Solar PV 

Wind (2) 

$6,355M 

2030 

2032 

2041 

NPV 

DSM - SEP 

Solar PV 

Wind (2) 

$6,761M 

2030 

2032 

2040 

2041 

NPV 

DSM - SEP 

Solar PV 

Wind 

Wind 

$7,167M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,552M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,936M 

2030 

2032 

2040 

NPV 

Wind 

Solar PV 

Solar PV 

$8,321M 

(2) 2030 

2032 

2040 

NPV 

Wind 

Solar PV 

Solar PV 

$8,705M 

(2) 

$
5

.0
0

 

2030 

2040 

2041 

NPV 

WAPA 

Solar PV 

Wind 

$5,148M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - Smart Tstat 

Wind (2) 

$5,569M 

2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,980M 

2030 

2032 

2041 

NPV 

DSM - SEP 

Solar PV 

Wind (2) 

$6,389M 

2030 

2032 

2036 

2041 

NPV 

DSM - SEP 

Solar PV 

Wind 

Wind 

$6,794M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,188M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,574M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,959M 

2030 

2032 

2040 

NPV 

Wind 

Solar PV 

Solar PV 

$8,345M 

(2) 2030 

2032 

2037 

NPV 

Wind 

Solar PV 

Solar PV 

$8,730M 

(2) 

$
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.0
0

 

2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,186M 

2030 

2039 

2041 

2041 

NPV 

WAPA 

Wind 

Wind 

Solar PV 

$5,597M 

2030 

2036 

2041 

2041 

NPV 

WAPA 

Wind 

Wind 

Solar PV 

$6,004M 

2030 

2032 

2036 

2041 

NPV 

DSM - SEP 

Solar PV 

Wind 

Wind 

$6,409M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$6,810M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,196M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,581M 

2030 

2032 

2039 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,966M 

2030 

2032 

2039 

NPV 

Wind 

Solar PV 

Solar PV 

$8,351M 

(2) 2030 

2032 

2037 

NPV 

Wind 

Solar PV 

Solar PV 

$8,736M 

(2) 
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2030 

2036 

2041 

2041 

NPV 

WAPA 

Wind 

Wind 

Solar PV 

$5,209M 

2030 

2036 

2041 

2041 

NPV 

WAPA 

Wind 

Wind 

Solar PV 

$5,615M 

2030 

2032 

2036 

2041 

NPV 

DSM - SEP 

Solar PV 

Wind 

Wind 

$6,021M 

2030 

2035 

2036 

2040 

NPV 

Solar PV 

Wind 

Wind 

Solar PV 

$6,421M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$6,811M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,196M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,581M 

2030 

2032 

2039 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,966M 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

Solar PV 

$8,310M 

(2) 

2030 

2030 

2040 

NPV 

Nuclear 

Wind 

Solar PV 

$8,650M 

(2) 
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2030 

2036 

2041 

2041 

NPV 

WAPA 

Wind 

Wind 

Solar PV 

$5,229M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

Solar PV 

$5,635M 

2030 

2035 

2036 

2040 

NPV 

Solar PV 

Wind 

Wind 

Solar PV 

$6,034M 

2030 

2035 

2036 

2040 

NPV 

Solar PV 

Wind 

Wind 

Solar PV 

$6,431M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$6,817M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$7,203M 

2030 

2030 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

Solar PV 

$7,582M 

2030 

2030 

2035 

2041 

NPV 

Nuclear 

Wind 

Wind 

Solar PV 

$7,928M 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

Solar PV 

$8,269M 

(2) 

2030 

2030 

2040 

NPV 

Nuclear 

Wind 

Solar PV 

$8,609M 

(2) 
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2041 
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WAPA 

Wind 

Wind 

Solar PV 

$5,248M 

2030 

2035 

2036 

2040 

NPV 

Solar PV 

Wind 

Wind 

Solar PV 

$5,648M 

2030 

2035 

2036 

2040 

NPV 

Solar PV 

Wind 

Wind 

Solar PV 

$6,045M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$6,439M 

2030 

2032 

2040 

NPV 

Wind (2) 

Solar PV 

Solar PV 

$6,824M 

2030 

2035 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

Solar PV 

$7,193M 

2030 

2030 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

Solar PV 

$7,542M 

2030 

2030 

2035 

2041 

NPV 

Nuclear 

Wind 

Wind 

Solar PV 

$7,888M 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

Solar PV 

$8,229M 

(2) 

2030 

2030 

2040 

NPV 

Nuclear 

Wind 

Solar PV 

$8,569M 

(2) 
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0
.0

0
 

2030 
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2036 

2040 

NPV 

Solar PV 

Wind 

Wind 

Solar PV 

$5,262M 

2030 
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Solar PV 

Wind 

Wind 

Solar PV 

$5,659M 

2030 
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NPV 

Solar PV 

Wind 

Wind 

Solar PV 
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Wind 

Wind 
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Wind 

Wind 
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Nuclear 

Wind 

Wind 
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2030 

2030 
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2041 

NPV 

Nuclear 

Wind 

Wind 

Solar PV 

$7,502M 

2030 

2030 

2032 

2041 

NPV 

Nuclear 

Wind 

Wind 

Solar PV 

$7,847M 

2030 

2030 

2040 

NPV 
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Wind 
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Wind 
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CT NGCC 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

DSM - SEP DSM - Smart Tstat 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Solar PV Wind 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Coal - USC/CCS Nuclear 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Notes: Notes: 

1) Data reflects EGEAS' lowest cost expansion plan for each scenario. 1) Shaded cells indicate a resource's inclusion within the 2017 - 2041 study period; the darker 

2) NPV cost value reflects LES' total net power costs over both the 2017 - 2041 study period and the 2042 - 2071 extension period.      the shading, the earlier a resource was selected.  A key is provided below: 
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EGEAS Expansion Plans 

Sensitivity 5: Annual Adjustment of Regulatory CO2 Value (+2.2% → +5.0%) 

CO2 Value 

($/Ton, 2020$) 

Resource Summary Tables 
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2030 

2040 

2041 

2041 

NPV 

CT 

RICE 

RICE 

DSM - Smart Tstat 

$4,644M 

2030 

2040 

2041 

2041 

NPV 

NGCC 

RICE 

RICE 

DSM - Smart Tstat 

$5,457M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$6,242M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$7,021M 

2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

Wind 

$7,788M 

(2) 

2030 

2039 

2041 

NPV 

NGCC 

DSM - SEP 

Wind 

$8,491M 

(2) 

2030 

2032 

2041 

NPV 

Wind (2) 

Nuclear 

DSM - SEP 

$9,185M 

2030 

2031 

2036 

2040 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$9,717M 

2030 

2031 

2036 

2040 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$10,199M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,679M 

$
2

.0
0

 

2030 

2040 

2041 

2041 

NPV 

CT 

RICE 

RICE 

DSM - Smart Tstat 

$4,847M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,698M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,541M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$7,384M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

Wind 

$8,192M 

(2) 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,956M 

(2) 2030 

2030 

2032 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,654M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,198M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,742M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$11,286M 

$
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0

 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$4,959M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$5,798M 

2030 

2040 

NPV 

WAPA 

DSM - SEP 

$6,636M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$7,430M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind 

$8,196M 

(2) 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,939M 

(2) 2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,526M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,062M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,597M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$11,133M 

$
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2030 

2040 

2041 

NPV 

NGCC 

DSM - SEP 

DSM - Smart Tstat 

$5,068M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - Smart Tstat 

Wind (2) 

$5,891M 

2030 

2039 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$6,664M 

2030 

2032 

2040 

2041 

NPV 

DSM - SEP 

WAPA 

Wind 

Wind 

$7,433M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,193M 

(2) 2030 

2032 

2041 

NPV 

Wind 

Nuclear 

DSM - SEP 

$8,908M 

(2) 2030 

2030 

2032 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,484M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,023M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,561M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$11,100M 
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2030 

2040 

2041 

NPV 

WAPA 

DSM - Smart Tstat 

Wind (2) 

$5,152M 

2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,929M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,699M 

2030 

2036 

2041 

NPV 

WAPA 

Wind (2) 

DSM - SEP 

$7,468M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,218M 

(2) 2030 

2031 

2036 

2041 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$8,885M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,429M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,968M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,507M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$11,046M 
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2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,186M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$5,957M 

2030 

2032 

2040 

2041 

NPV 

DSM - SEP 

WAPA 

Wind 

Wind 

$6,726M 

2030 

2032 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$7,487M 

2030 

2036 

2037 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$8,212M 

2030 

2031 

2036 

2040 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$8,828M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,372M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,910M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,449M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,988M 
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2030 

2035 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,218M 

2030 

2036 

2040 

2041 

NPV 

WAPA 

Wind 

DSM - SEP 

Wind 

$5,985M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,748M 

2030 

2036 

2040 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

Wind 

$7,468M 

2030 

2035 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$8,124M 

2030 

2031 

2036 

2040 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$8,718M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,259M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,794M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,328M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,863M 
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2030 

2036 

2040 

2041 

NPV 

WAPA 

Wind 

DSM - SEP 

Wind 

$5,243M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,007M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,767M 

2030 

2036 

2040 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

Wind 

$7,434M 

2030 

2035 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$8,088M 

2030 

2031 

2036 

2040 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$8,657M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,198M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,733M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,268M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,803M 
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2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$5,266M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,027M 

2030 

2032 

2040 

2041 

NPV 

DSM - SEP 

Nuclear 

Wind 

Wind 

$6,737M 

2030 

2036 

2041 

NPV 

Nuclear 

Wind (2) 

DSM - SEP 

$7,399M 

2030 

2035 

2036 

2041 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$8,050M 

2030 

2031 

2036 

2040 

NPV 

Nuclear 

Nuclear 

Wind 

Wind 

$8,597M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,138M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,673M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,208M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,743M 

$
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0
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2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$5,286M 

2030 

2032 

2041 

NPV 

DSM - SEP 

Nuclear 

Wind (2) 

$6,036M 

2030 

2036 

2040 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

Wind 

$6,704M 

2030 

2036 

2041 

NPV 

Nuclear 

Wind (2) 

DSM - SEP 

$7,363M 
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2041 

NPV 
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Nuclear 

Wind 

Wind 

$7,991M 

2030 

2031 

2036 

2040 

NPV 

Nuclear 
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Wind 

Wind 

$8,537M 

2030 

2030 
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2040 

NPV 
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Wind 
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Wind 

$9,077M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$9,612M 

2030 

2030 

2031 

2040 

NPV 

Nuclear 

Wind 

Nuclear 

Wind 

$10,147M 

2030 

2030 

2031 

2040 

NPV 
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Wind 

Nuclear 

Wind 

$10,682M 
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CT NGCC 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

DSM - SEP DSM - Smart Tstat 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Solar PV Wind 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Coal - USC/CCS Nuclear 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Notes: Notes: 

1) Data reflects EGEAS' lowest cost expansion plan for each scenario. 1) Shaded cells indicate a resource's inclusion within the 2017 - 2041 study period; the darker 

2) NPV cost value reflects LES' total net power costs over both the 2017 - 2041 study period and the 2042 - 2071 extension period.      the shading, the earlier a resource was selected.  A key is provided below: 
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EGEAS Expansion Plans 

Sensitivity 6: Increase in Electric Vehicles (25% of Customers by 2041) 

CO2 Value 

($/Ton, 2020$) 

Resource Summary Tables 
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2030 

2039 

2040 

2041 

2041 

NPV 

CT 

DSM - Smart Tstat 

RICE 

Battery Storage 

RICE 

$4,680M 

2030 

2039 

2040 

2041 

2041 

NPV 

CT 

DSM - Smart Tstat 

RICE 

Battery Storage 

RICE 

$5,105M 

2030 

2039 

2040 

2041 

2041 

NPV 

NGCC 

DSM - Smart Tstat 

RICE 

Battery Storage 

RICE 

$5,513M 

2030 

2039 

2041 

NPV 

NGCC 

RICE 

DSM - SEP 

$5,916M 

2030 

2039 

2041 

NPV 

NGCC 

RICE 

DSM - SEP 

$6,317M 

2030 

2031 

NPV 

NGCC 

NGCC 

$6,717M 

2030 

2031 

NPV 

NGCC 

NGCC 

$7,110M 

2030 

2031 

NPV 

NGCC 

NGCC 

$7,503M 

2030 

2031 

NPV 

NGCC 

NGCC 

$7,896M 

2030 

2031 

NPV 

NGCC 

NGCC 

$8,289M 
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2030 

2040 

2041 

2041 

NPV 

WAPA 

RICE 

RICE 

DSM - Smart Tstat 

$4,893M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$5,341M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$5,788M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$6,235M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$6,682M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$7,128M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$7,575M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

DSM - Smart Tstat 

$8,021M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,463M 

(2) 2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,864M 

(2) 
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.0
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2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$5,014M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$5,456M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$5,899M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$6,342M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

DSM - Smart Tstat 

$6,784M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

DSM - Smart Tstat 

$7,227M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind 

$7,654M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,056M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,452M 

(2) 2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,848M 

(2) 
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2030 

2040 

NPV 

WAPA 

NGCC 

$5,143M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

Wind 

$5,584M 

2030 

2040 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$6,013M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,430M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,846M 

2030 

2032 

2040 

2041 

NPV 

DSM - SEP 

WAPA 

Wind 

Wind 

$7,262M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,666M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,064M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,462M 

(2) 2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,860M 

(2) 

$
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2030 

2038 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,224M 

2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,641M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,058M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$6,474M 

2030 

2032 

2040 

2041 

NPV 

DSM - SEP 

WAPA 

Wind 

Wind 

$6,890M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,298M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,697M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,095M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,494M 

(2) 2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,893M 

(2) 
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2030 

2036 

2041 

NPV 

WAPA 

DSM - SEP 

Wind (2) 

$5,264M 

2030 

2032 

2041 

NPV 

DSM - SEP 

WAPA 

Wind (2) 

$5,681M 

2030 

2036 

2041 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,097M 

2030 

2036 

2039 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,511M 

2030 

2030 

2036 

2041 

NPV 

Wind 

WAPA 

Wind 

DSM - SEP 

$6,922M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,322M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,721M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$8,120M 

2030 

2032 

2041 

NPV 

Wind 

WAPA 

DSM - SEP 

$8,518M 

(2) 2030 

2030 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

$8,876M 

(2) 
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2030 

2036 

2040 

2041 

NPV 

WAPA 

Wind 

DSM - SEP 

Wind 

$5,312M 

2030 

2036 

2040 

2041 

NPV 

WAPA 

Wind 

DSM - SEP 

Wind 

$5,727M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,140M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,550M 

2030 

2030 

2036 

2041 

NPV 

Wind 

WAPA 

Wind 

DSM - SEP 

$6,959M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$7,359M 

2030 

2030 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$7,749M 

2030 

2030 

2035 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$8,105M 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

$8,456M 

(2) 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

$8,807M 

(2) 

$
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.0
0

 

2030 

2036 

2040 

2041 

NPV 

WAPA 

Wind 

DSM - SEP 

Wind 

$5,348M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$5,760M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,170M 

2030 

2031 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$6,580M 

2030 

2032 

2041 

NPV 

Wind (2) 

WAPA 

DSM - SEP 

$6,985M 

2030 

2035 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$7,360M 

2030 

2030 

2036 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$7,749M 

2030 

2030 

2035 

2041 

NPV 

Nuclear 

Wind 

Wind 

DSM - SEP 

$8,075M 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

$8,426M 

(2) 

2030 

2030 

2041 

NPV 

Nuclear 

Wind 

DSM - SEP 

$8,776M 

(2) 

$
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2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$5,380M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$5,791M 

2030 

2035 

2036 

2041 

NPV 

WAPA 
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Nuclear 

Wind 
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2030 

2032 

2041 

NPV 

DSM - SEP 

Coal - USC/CCS 

Wind (2) 

$5,396M 

2030 

2035 

2036 

2041 

NPV 

WAPA 

Wind 

Wind 

DSM - SEP 

$5,821M 
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2032 
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Nuclear 

Wind 

Wind 
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Wind 
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CT NGCC 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

DSM - SEP DSM - Smart Tstat 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Battery Storage Wind 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Coal - USC/CCS Nuclear 

CO2 ($/Ton) CO2 ($/Ton) 
$0 ---------------------------------- $45 $0 ---------------------------------- $45 

Notes: Notes: 

1) Data reflects EGEAS' lowest cost expansion plan for each scenario. 1) Shaded cells indicate a resource's inclusion within the 2017 - 2041 study period; the darker 

2) NPV cost value reflects LES' total net power costs over both the 2017 - 2041 study period and the 2042 - 2071 extension period.      the shading, the earlier a resource was selected.  A key is provided below: 
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1 

IRP 101 

Intro to Integrated Resource Planning 

Scott Benson 

Manager, Resource & Transmission Planning 

March 23, 2017 

What is an IRP? 

Definition 

Integrated resource planning is a process by which a power provider evaluates the 

full range of energy resources to ensure adequate and reliable service to its electric 

customers at the lowest system cost.  Resource alternatives include: 

• New generating capacity 

• Power purchases 

• Energy conservation and efficiency 

• Cogeneration and district heating and cooling applications 

• Renewable energy resources 

The process must account for the necessary features of system operation, such as 

diversity, reliability, dispatchability and other risk factors. 

The IRP must include the means to verify energy savings from energy conservation 

and efficiency measures, and projected savings from the measures over time; and 

shall treat demand and supply resources on an equal basis. 

2 

Source: IRP Compliance Training Overview, WAPA, 7/13/2015 update 

https://www.wapa.gov/EnergyServices/IRP/Pages/compliance-overview.aspx


   

     

       

        

       

       

   

        

 

    

        

     

 

      

  

   

  

   

  

      

Why Does LES Conduct an IRP? 

Integrated resource planning mandated by Energy Policy Act of 1992. 

Energy Policy Act requires all Western Area Power Administration (WAPA) 

customers to submit IRP’s to WAPA every 5 years, with annual status updates. 

LES conducted its last IRP in 2012, leading to the updated analysis in 2017. 

3 

Source: Integrated Resource Planning Guidelines, WAPA, 9/19/2016 update 

How Does LES Conduct an IRP? 

Requirements 

• Identify and compare all practicable energy-efficiency and energy-supply 

resource options. 

• Include action plan with timing set by customer. 

• Describe efforts to minimize adverse environmental effects of new resource 

additions. 

• Provide ample opportunity for full public participation. 

• Conduct load forecasting. 

LES historically submits an IRP on behalf of the Lincoln Cooperative, including: 

• Lincoln Electric System 

• University of Nebraska - Lincoln (UNL) 

• Lincoln Regional Center 

• Nebraska State Office Building 

• Nebraska State Penitentiary 

4 

Source: IRP Compliance Training Overview, WAPA, 7/13/2015 update 

https://www.wapa.gov/PowerMarketing/IRP/Pages/guidelines.aspx
https://www.wapa.gov/EnergyServices/IRP/Pages/compliance-overview.aspx


   

     

       

          

     

       

         

    

           

     

  

   

Limitations of the IRP 

Historically, some significant decisions have come out of the 5-year IRP process, 

and we expect that to be the case again in 2017. 

However, any study, even something as broad and in depth as the IRP, still 

represents an analysis at only one point in time. 

To account for an ever changing landscape, LES is continually assessing and 

evaluating options as we move forward, constantly conducting similar analysis with 

regards to the decisions at hand. 

So although the IRP is a significant, strategic undertaking that helps to outline LES’ 
future, the truth is that the 5-year IRP isn’t always a perfect indicator of what’s to 
come. 

5 

6 

What the 2012 IRP Foresaw… 

Source: Lincoln Journal Star 

http://journalstar.com/


 

   

 

 

  

7 

and What it Didn’t… 

Source: Lincoln Journal Star 

8 

Coal 

Hydro 

Landfill Gas 

Wind 

Natural Gas 

2012 LES Resource Portfolio 

Coal Gas 

Renewable 

Nameplate 

http://journalstar.com/


  

 

 

   

 

      

    

     

   

      

         

          

       

       

       

       

CoalGas

Renewable

9 

2017 LES Resource Portfolio 

Coal 

Hydro 

Landfill Gas 

Wind 

Natural Gas 

Solar 

Nameplate

CoalGas 

Renewable 

Nameplate 

2017 IRP – Primary Decision Points 

Western Area Power Administration (WAPA) Contract 

LES’ current hydropower contract expires in 2020. LES expects to receive a 
contract extension offer in April, 2017 that would cover 2021 – 2050. 

» WAPA will allow a decision timeline that accommodates LES’ IRP schedule. 

Sustainable Energy Program (SEP) Metrics/Assumptions 

LES must determine which metric(s) to use for evaluating SEP programs, as well as 

assumptions to be used for related capacity and carbon emission inputs. 

» Decisions should be made in June to support analysis of the full SEP portfolio, 

which should be completed in August to support the 2018 budget process. 

Smart Thermostat Program 

Based on the results of its recently completed pilot program, LES must evaluate 

whether to proceed with a full smart thermostat program for the residential sector. 

» Decision should be made in August to support the 2018 budget process. 

10 



 

  

 

 

 

  

   

  

 

2017 IRP – Timeline 

11 

SEP OCT NOV DEC 

MAY JUN JUL AUG 

JAN FEB MAR APR 

Generation/SEP Portfolio Analysis 

Refine Scope 

Board meeting 

SEP Program Analysis 

Assemble final report 

Public meeting IRP due to WAPA 

• Primary IRP decision points 

• SEP/thermostat work to date 

• SEP metrics 

• SEP assumptions 

• WAPA 

• SEP portfolio 

• Smart thermostat program 

SEP Program Analysis 

• Report approval 



 

 

 

 

   

 

   

   

Trends Impacting 

Energy Efficiency & 

Leidos Consulting Review 

March 23, 2017 

Marc Shkolnick 

Manager, Energy Services 

Sustainable Energy Program (SEP): A Brief Review. 

Emerging Trends. 

SEP Leidos Consulting Study Results. 

Smart Thermostat Demand Response Pilot. 



 

     

  

  

 

 

SEP: A Brief Review. 

• Launched in 2009. 

• Purpose: To financially incent energy efficiency 

measures that reduce summer peak demand. 

• No formal state mandates, targets or technical 

resource manual to guide program development. 

SEP: A Brief Review 



  

  

  

 

  

 

 

 

 

Sustainability Target established in 2011: 

“To meet LES’ five-year projected demand growth with 

sustainable generation and demand reduction 

resources.” 

SEP: A Brief Review. 

Residential Programs: 

• Whole House Sealing and Insulation 

• High Efficiency Heat Pump and Air Conditioning 

• Energy Detective Kit 

• Demand Response Field Study (2015-16) 

• Appliance Recycling (2013-15) 

Commercial and Industrial Programs: 

• Commercial and Industrial Lighting Replacement 

• Commercial and Industrial Energy Efficiency 

SEP: A Brief Review. 



 

 

  

   

     

 

 

 

• Participants: > 8,000 customer projects 

• Incentives: $18 million 

• Gross peak demand reduction: 33 MW 

• Cumulative gross energy savings: 112,000 MWh 

• Enough energy to power more than 10,000 average 

homes for one year. 

• Engaged more than 200 local, regional and national 

trade allies 

SEP: A Brief Review. 

Emerging Trends. 



   

 

     

    

    

   

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

    

 

Emerging Trends. 

• Flattening Load Growth. 

• Impacts of Federal Energy Efficiency Standards. 

• Changing Demographics. 

• Dramatic Market Transformation of Energy Efficient 

Technology. 

• Energy Efficiency Is Becoming the New Normal. 

• Current Low Value of Avoided Capacity. 

• Current Low Value of Avoided Energy. 

2016 
(Annual Savings Estimates) 

Air Conditioner (13 SEER) 

2,047 kWh 

2.27 kW at system peak 

Lighting (CFL/LED) 

1,953 kWh 

Appliances (Energy Star) 

3,225 kWh 

Total 

7,225 kWh 

2006 
(Annual Savings Estimates) 

Air Conditioner (10 SEER) 

2,700 kWh 

3 kW at system peak 

Lighting (Incandescent) 

2,353 kWh 

Appliances 

5,000 kWh 

Total 

10,053 kWh 

Flattening Load Growth: 

Impacts of Federal Energy Efficiency Standards 

2,828 kWh 

28% Savings 



 

 

 

    

       

   

  

      

   

July/2016 

$3-$5/bulb 

August/2011 

$60/bulb 

Flattening Load Growth: 

Market Transformation. 

Value of generating capacity: 

• 2009-capacity valued at the cost of building a 

generator ($1,000 to $1,500/kW*). 

• 2016-capacity valued at market cost of capacity at 

($375/kW**). 

SPP energy prices remain relatively low. 

*Estimated overnight construction costs ranging from a simple-cycle to a combined-cycle natural gas power plant. 

**Based on a NPV of $18.83/kW-year over 35 years. 

Relatively Low Value of Capacity and Energy. 



  

 

 

   

Smart Thermostat Demand Response Pilot. 

• Understand Demand Reduction Impacts 

• Understand Customer adoption levels, feedback, 

and thermostat interaction 

• Technology Demonstration 

• Inform Development of an Optimal Full-Scale 

Program 

Pilot Objectives 



        

    

      

     

    

 

    

          

 

 
    

      

 
         

  

What It Was 

▪ Residential customer pilot involving a choice of a smart thermostat 

or air conditioner switch (professional installation included) 

▪ Customers participate in summer demand response (DR) events 

Pilot Size 

▪ ~200 customers with Honeywell 8000 Wi-Fi Thermostat 

▪ ~200 customers with Air Conditioner Switch 

Offer 

Free Wi-Fi thermostat 

$35 gift card for switch 

$25 end of summer with 2 opt outs or less 

Demand 

Response 

Events 

▪ Jul to Sep 2015 (9 events) 

▪ Jun to Sep 2016 (17 events) 

DR Impact 

Evaluation 

Approach 

▪ AC-level kW from event and non-event periods were used to 

estimate event impacts 

Overview 

Load Control Devices 



 

 

 

  

  

 

   

         

 

   

  

      

      

      

       

 

 

 

  

 

 

 

   

          

Outdoor 

Temp. 

LES 

Peak 

MW 

Relative 

Humidity Day 

3 Hour 

Average kW 

Demand 

Reduction 

1st Hr. 2nd Hr. 3rd Hr. 

3 to 4 pm 4 to 5 pm 5 to 6 pm 

Opt 

Outs 

99 780 72.7 Thur. 1.34 1.68 1.39 0.94 10.3% 

23 or 10% Opt out 

34 or 15% Offline 

6 or 3% New set point 1st hour 

27 or 12% New set point 2nd hour 

53 or 24% New set point 3rd hour 

82 or 36% Off for 3 hour time period 

Demand Impact on Peak Day-7/21/16 

Demand Impact on Peak Day-7/21/16 

3 Hour 

Average 1st Hr. 2nd Hr. 3rd Hr. 
LES kW 

Outdoor Peak Relative Demand 

Temp. MW Humidity Day Reduction 3 to 4 pm 4 to 5 pm 5 to 6 pm Opt Outs 

99 780 72.7 Thur. 0.63 0.59 0.61 0.70 1.0% 



 

 

  

  

  

  

   

 

 

  

• Connected thermostats provided more demand 

reduction than load control relay switch cycling: 

• ~ -1.0 to -1.2 kW per customer (for thermostat offset events) 

• ~ -0.4 to -0.5 kW per customer (for compressor cycling events) 

• Precooling tends to increase events savings, 

reduce snapback, and leads to more tolerable 

events 

• Customer overall satisfaction averaged 8.8 or 

better on a 1-10 scale 

• Reliable Wi-Fi connectivity poses one of the 

primary challenges 

Overall Takeaways 

SEP Leidos Consulting Study Results. 



 

  

 

    

  

   

 

   

 

    

 

   

 

   

Net-to-Gross adjustments account for: 

• Free ridership 

Customers who receive an incentive but would 

have made the same decision without an incentive. 

• Rebound effect 

Tendency of customers to use more energy after 

installing energy efficient equipment. 

• Impact 

Reduced demand and energy savings directly 

attributable to SEP by 60% - 80%. 

Not All Savings Directly Attributable to SEP 

Coincident Peak Factor adjustments account for: 

• Portion of a measure’s peak demand that occurs 
during LES’ system peak. 

• Impact 

Reduced demand and energy savings directly 

attributable to SEP by 55% - 80%. 

Not All Savings Directly Attributable to SEP 



Clean Power Plan 

Natural 

Gas Prices 

Load 

Growth 

Adoption of 

Electric Vehicles 

Adoption of Customer

Owned Generation 

Development/Adoption 

of Energy Storage 

 

 

  

 

 

 

 

 

 

     

 

 

 

 

Program Attribute 
Utility 
Cost 
Test 

Rate 
Impact 

Measure 
Test 

Total 
Resource 
Cost Test 

Participant 
Cost Test 

Program Benefits 
 Customer Bill Savings       Yes 
 Avoided Utility Costs 

(Energy, Capacity, T&D, 
Emissions) 

Yes Yes Yes   

Program Costs 
Program Administrator 

Costs Yes Yes Yes   

Measure Cost - Incentive Yes Yes Yes   
Measure Cost - Participant 

Contribution     Yes Yes 

Lost Revenues to the Utility   Yes     

Leidos Study: Benefit-Cost Test Results 

-

U N C E R T A I N T Y 

What Planning Assumptions to Use? 

A Spectrum of Possibilities. 

Current to Mid Term Mid Term to Long Term 

No Value 

of Capacity 

Market Value 

of Capacity 

New Generation 

Value of Capacity 

No Value 

of Carbon 

Value of 

Carbon 



  

  

 

 

     

 

 

  

Customer 

• Comfort. 

• Control. 

• Environmental Stewardship. 

Additional Non Financial Benefits 

Utility 

• Customer awareness, engagement and delightful 

experience improves overall customer satisfaction. 

• Relationships with trade allies. 

• Incenting and promoting energy efficiency is part of 

the public power mission. 

• Community and broader social and environmental 

benefits. 

Additional Non Financial Benefits 



Questions/Discussion 



2017 IRP 

MEETING BOARDS 





 

Resource Portfolio 

Coal 

Hydro 

Natural Gas 

Landfill Gas 

Wind 

Solar 

Coal Gas 

Renewable 

Nameplate 

Lincoln Electric System   ·   les.com 



 

 

 

 

        
 

 

 

Primary Decision Points 

Western Area Power Administration (WAPA) Contract 
LES’ current hydropower contract expires in 2020.  LES expects to receive a contract 
extension offer in April, 2017 that would cover 2021 – 2050. 
• WAPA will allow a decision timeline that accommodates LES’ IRP schedule. 

Sustainable Energy Program (SEP) Metrics/Assumptions 
LES must determine which metric(s) to use for evaluating SEP programs, as well as 
assumptions to be used for related capacity and carbon emission inputs. 
• Decisions should be made in June to support analysis of the full SEP portfolio, 

which should be completed in August to support the 2018 budget process. 

Smart Thermostat Program 
Based on the results of its recently completed pilot program, LES must evaluate 
whether to proceed with a full smart thermostat program for the residential sector. 
• Decision should be made in August to support the 2018 budget process. 

Lincoln Electric System   ·   les.com 



 

 

 

 

 

2017 IRP Timeline 

SEP OCT NOV DEC 

MAY JUN JUL AUG 

JAN FEB MAR APR 

Generation/SEP Portfolio Analysis 

Refine Scope 

Board meeting 

SEP Program Analysis 

Assemble final report 

Public meeting 

• SEP metrics 
• SEP assumptions 

• WAPA 
• SEP portfolio 
• Smart thermostat program 

SEP Program Analysis 

• Report approval 

• Primary IRP decision points 
• SEP/thermostat work to date 

IRP due to WAPA 

Lincoln Electric System   ·   les.com 



 

  
 

 
 

 
 

 
 

         
  

 

 

Sustainable Energy Program: potential planning assumptions 

Current to mid term Mid term to long term 

Clean Power Plan 

UNCERTAINTY 

NO VALUE
 OF CAPACITY

 MARKET VALUE
 OF CAPACITY

 NEW GENERATION
 VALUE OF CAPACITY

 NO VALUE
 OF CARBON 

VALUE OF 
CARBON 

Load 
growth 

Development/adoption 
of energy storage 

Adoption of customer-
owned generation 

Adoption of
electric vehicles 

Natural Gas 
Prices 

Lincoln Electric System   ·   les.com 



 

                
              
   

           

   

                           

 

   

    

   

 
   

   

                                    

Sustainable Energy Program: potential benefit/cost tests

   Avoided utility costs 
(energy, capacity, T&D, 
emissions) 

Utility cost 
test 

Program benefits 

Rate impact 
measure test Program attribute 

Customer bill savings 

Total 
resource 
cost test 

Participant 
cost test 

Yes 

Program costs 

Yes Yes Yes 

Program administrator
   costs 

Yes 

Measure cost - incentive Yes 

Measure cost -   
   participant contribution 

Lost revenue to the 
   utility 

Yes Yes 

Yes Yes 

Yes Yes 

Yes 

Lincoln Electric System   ·   les.com 





 

 
 

 
 
 

 
 

 

  
   
  
                            
                         

2017 IRP #1 Promotion 

Public meeting 
LES is composing its next Integrated Resource Plan (IRP , 
a blueprint developed every five years to help forecast 
when power resources will be needed, what the optimal 
resource mix may look like and how the utility will bring 
it together to best serve its ratepayers in the future. LES 
is hosting a public meeting to review the IRP’s timeline, 
as well as a summary of the primary decision points 
expected to come out of the 2017 process. 

Public meeting 

Date: Thursday, March 23, 2017 
Time: 6-7 p.m. 
Location: LES Walter A. Canney Service Center 

2620 Fairfield (27th & Fairfield  

Print Ad 

Email 



2017 IRP #1 Promotion 

Social Media Examples 
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1 

2017 Integrated Resource Plan 

Status Update 

Scott Benson 

Manager, Resource & Transmission Planning 

June 29, 2017 

2017 IRP — Timeline 

2 

SEP OCT NOV DEC 

MAY JUN JUL AUG 

JAN FEB MAR APR 

Generation/SEP Portfolio Analysis 

Refine Scope 

Board meeting 

SEP Program Analysis 

Assemble final report 

Public meeting IRP due to WAPA 

• Primary IRP decision points 

• SEP/thermostat work to date 

• SEP metrics 

• SEP assumptions 

• WAPA 

• SEP portfolio 

• Smart thermostat program 

SEP Program Analysis 

• Report approval 



   

 

   

    

   

       

         

     

       

       

   

   

 

  

  

  

    

  

 

  

 

 

 

    

 

2017 IRP — Primary Decision Points 

Western Area Power Administration (WAPA) Contract 

LES’ current hydropower contract expires in 2020. LES must evaluate a recent offer 

to extend the contract from 2021 – 2050. 

Sustainable Energy Program (SEP) Metrics/Assumptions 

LES must determine which metric(s) to use for evaluating the SEP, as well as 

assumptions to be used for related capacity and carbon emission inputs. 

» Given this information, LES must now evaluate the continuation of the SEP. 

Smart Thermostat Program 

Based on the results of its recently completed pilot program, LES must evaluate 

whether to proceed with a full smart thermostat program for the residential sector. 

3 

✔ 

2017 IRP — Upcoming Resource Analysis 

…against a range of potential alternatives… 
• Battery Storage. 

• Biomass. 

• Coal (with carbon capture). 

• Fuel Cells. 

• Geothermal. 

• Hydro. 

• Natural Gas Combustion Turbine. 

• Natural Gas Combined Cycle. 

4 

Evaluate LES’ primary decision points… 
• WAPA. 

• SEP. 

• Smart Thermostat Program. 

• Nuclear. 

• Pumped Hydro. 

• Natural Gas Reciprocating Engine. 

• Solar PV. 

• Solar Thermal. 

• Solid Waste. 

• Wind. 

…across an array of possible future scenarios. 

Natural Gas $ 

C
O

2
 $

 



 

 

  

 

 

 

 

  

  

9/11/2017 

1 

Evaluating the 

Sustainable Energy Program 
2017 Integrated Resource Plan 

June 29, 2017 

Marc Shkolnick 
Manager, Energy Services 

Review from Previous Discussion 

Unprecedented 
Change 

Flattening load 
growth 

Excess generating 
capacity 

Regulatory 
uncertainty 

Distributed Energy 
Resources 

Leidos Study 
Smart Thermostat 

Demand 
Response Pilot 

2 

1 
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9/11/2017 

SEP Purpose 

3 

Cost effectively help meet LES Sustainability Target. 

How do we reasonably determine what’s cost-effective? 

Provide a hedge against uncertainty. 

How do we adequately assign value to this hedge? 

Strengthen relationships with customers and trade allies to 
optimize energy use. 

How do we adequately assign value to these relationships? 

2017 IRP — Key Policy Questions 

4 

What Planning Assumptions to Use? 

Value of avoided generating capacity. 

Value of avoided carbon emissions. 

2 



Clean Power Plan 

Natural 

Gas Prices 

Load 

Growth 

Adoption of 

Adoption of Customer

Owned Generation 

Development/Adoption 

of Energy Storage 

 

  

 

 

 

 

 

  

     

 

 

  

  

   

  

  

   

 

  

 

  

            

   

      

- - -

Electric Vehicles 

-

U N C E R T A I N T Y 

Planning Assumptions: A Spectrum of Possibilities. 

Current to Mid Term Mid Term to Long Term 

No Value 

of Capacity 

($0/kW Year) 

Market Value 

of Capacity 

($19/kW Year) 

New Generation 

Value of Capacity 

($80/kW Year) 

5 

No Value 

of Carbon 

($0/ton) 

Value of 

Carbon 

($20/ton) 

Value of 

Carbon 

($40/ton) 

• Leidos Report “base case”. 
• LES long on generation; representative 

of sales of excess capacity. 

• Leidos Report “base case”. 
• Published studies cover array of 

values; representative of mid-range. 

2017 IRP — Key Policy Questions 

6 

What Economic Evaluation to Use? 

Evaluate at portfolio or measure level 

Benefit-Cost test selection 

• 70% of states evaluate at portfolio level according to 2012 ACEEE rate-payer funded 

energy efficiency program survey. 

Note: Typographical error corrected subsequent to public meeting. 

9/11/2017 
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Benefit-Cost Test: Components. 

9/11/2017 

• Avoided purchase of energy. 

• Avoided generating capacity. 

• Avoided carbon costs. 

• Customer bill savings. 

Benefits 

• Program administrative costs. 

• Incentives. 

• Lost revenue. 

• Customer cost. 

Costs 

7 

Benefit Cost Test: Utility Evaluation Types 

8 

Attribute 
Utility Cost 

Test 

Rate Impact 

Measure Test 

Total 

Resource Cost 

Test 

Benefits 

Energy 

Capacity 

Carbon 

Costs 

Administrative 

Incentives 

Lost Revenue 

Customer Cost 

✔ 
✔ 
✔ 

✔ 
✔ 

✔ 
✔ 
✔ 

✔ 
✔ 
✔ 

✔ 
✔ 
✔ 

✔ 
✔ 

✔ 

4 



9/11/2017 
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Benefit Cost Test: LES Primary 

9 

• Utility Cost Test at ≥ 1.0 as primary screening 

evaluation. 

• “The UCT accurately compares the utility (and, therefore, utility 
customer) costs with supply-side alternatives.” — Whose Perspective? 

The Impact of the Utility Cost Test, The Cadmus Group, 2012 

• “Along with the TRC test, the (UCT) test is one of the most commonly-

used tests for energy efficiency program planning purposes.” — Energy 

Efficiency Guide Book for Public Power Communities, Energy Center of 

Wisconsin, 2009 

• “The UCT is the appropriate cost test from a utility resource planning 
perspective…” — Guide to Resource Planning with Energy Efficiency, 

National Action Plan for Energy Efficiency, 2007 

Benefit Cost Test: LES Secondary 

10 

• Ratepayer Impact Measure (RIM) Test at ≥ 0.6 

as a secondary screening evaluation. 

• Recognizes that some level of subsidization by 

non-participants is provided. 

• Places a cap on the level of subsidization of 

non-participants that is permitted. 

• Subsidization justified in part by the value of 

hedging and other community benefits. 
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9/11/2017 

Value of Capacity 

($/kw-year)
$0 $20 $40

Value of Capacity 

($/kw-year)
$0 $20 $40

None

($0)
0.79 0.95 1.10

None

($0)
1.64 1.97 2.30

Market 

($19)
0.92 1.08 1.24

Market 

($19)
1.93 2.25 2.58

Construction 

($80)
1.27 1.43 1.58

Construction 

($80)
2.65 2.97 3.30

Value of Capacity 

($/kw-year)
$0 $20 $40

Value of Capacity 

($/kw-year)
$0 $20 $40

None

($0)
0.51 0.62 0.72

None

($0)
1.6/0.5 2.0/0.6 2.3/0.7

Market 

($19)
0.60 0.70 0.81

Market 

($19)
1.9/0.6 2.3/0.7 2.6/0.8

Construction 

($80)
0.83 0.93 1.03

Construction 

($80)
2.7/0.8 3.0/0.9 3.3/1.0

Total Resource Cost Test (TRC) Utility Cost Test (UCT)

Ratepayer Impact Measure Test (RIM) UCT Primary / RIM Secondary

B/C Ratio ≥ 1.0

Value of Carbon 

($/ton)

Value of Carbon 

($/ton)

B/C Ratio ≥ 1.0 B/C Ratio ≥ 1.0

Value of Carbon 

($/ton)

UCT B/C Ratio ≥ 1.0, RIM B/C Ratio ≥ 0.6

Value of Carbon 

($/ton)

Benefit Cost Tests: UCT ≥ 1.0 and RIM ≥ 0.6 

11 

Note: Calculation error corrected subsequent to public meeting. 

2017 IRP — Modeling Decisions in Summary 

12 

Use a representative market value of generating 
capacity. 

Use a mid range value for carbon reduction. 

Evaluate SEP cost effectiveness at the portfolio 
level. 

Require SEP portfolio to achieve ≥ 1.0 on UCT and 
≥ 0.6 on RIM as a secondary test. 

6 



  

 

 

 

-

9/11/2017 

2017 IRP — Now Evaluate Prospective Programs 

13 

Smart Thermostat Demand Response Program. 

Heat Pump Water Heater. 

Multi Family Direct Install (Pilot). 

16 Additional Leidos Report Measures. 

Others? 

14 

DISCUSSION 

7 
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2017 IRP — SEP Decision Points 

Input – Value of Capacity 

• $80/kW-year (2017), escalating annually at 2.3%. 
Overnight construction cost of a simple-cycle natural gas plant.

    $19/kW-year (2017), escalating annually at 5% over the first 10 years and then at 2.3% thereafter. 
Market value of capacity. 

• $0. 
No value of capacity. 

Input – Regulatory Value of Carbon 

• 40/ton (2020), escalating annually at 2.3%. 
Climate Leadership Council’s Feb. 2017 proposal, adjusted slightly per Leidos’ methodology.

    $20/ton (2020), escalating annually at 2.3%. 
Leidos’ base case (mid-range) projection. 

• $0. 
No value of carbon. 

Evaluation Methodology

    Portfolio basis.
    Single benefit-cost evaluation performed on the overall portfolio of measures. 

• Measure basis.
    Independent benefit-cost evaluations performed on a measure-by-measure basis. 

Benefit-Cost Test 

• Total Resource Cost Test (TRC), B/C Ratio ≥ 1.0.
    Seeks to recover all utility incentives and administrative costs, as well as customer’s incremental costs. 

• Utility Cost Test (UCT), B/C Ratio ≥ 1.0.
    Seeks to recover all utility incentives and administrative costs. 

• Ratepayer Impact Measure Test (RIM), B/C Ratio ≥ 1.0.
    Seeks to recover all utility incentives and administrative costs, as well as utility’s lost revenue.

    UCT/RIM Combination. 
Primary:  UCT, B/C Ratio ≥ 1.0.

    Secondary: RIM, B/C Ratio ≥ 0.6.
    Seeks to recover all utility incentives and administrative costs, as well as limit utility’s lost revenue. 



 
 
 
 
 

 
 

   
             

    
 

     
        

 
 

    
          

          
      

 
       

      
   

 
    
          

  
 

      
         

 
 

   
 

   
        

                
       

 
  

          
 

  
         
           

 
  

         
     

 
      

        
 

 
  
             
    

 
    

      
  

 

     2017 IRP – Potential Resource Study Options 

COAL 

ADVANCED PULVERIZED COAL 
100-MW share of a 1,300-MW, dual unit, coal plant that burns pulverized coal to produce steam, which is then run through a 
steam turbine connected to a generator to produce electricity. 

ADVANCED PULVERIZED COAL WITH CARBON CAPTURE AND SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an advanced pulverized coal unit while capturing 90% of 
emitted carbon-dioxide (CO2). 

INTEGRATED GASIFICATION COMBINED CYCLE 
100-MW share of a 1,200-MW, dual unit, integrated gas combined cycle plant using a gasifier to convert a water-based coal 
slurry to synthetic gas, which is then used in a gas turbine to produce electricity. Waste heat from the gas turbine is recovered to 
create steam, which drives a steam turbine producing more electricity — a combined cycle system. 

INTEGRATED GASIFICATION COMBINED CYCLE WITH CARBON CAPTURE AND SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an integrated gas combined cycle unit while capturing 
90% of emitted CO2. 

ULTRA SUPERCRITICAL PULVERIZED COAL 
100-MW share of a 650-MW ultra supercritical pulverized coal plant that operates at an ultra-high steam pressure and 
temperature, increasing operating efficiency. 

ULTRA SUPERCRITICAL COAL WITH CARBON CAPTURE AND SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an ultra supercritical coal unit while capturing 30% of 
emitted CO2. 

NATURAL GAS 

CONVENTIONAL COMBUSTION TURBINE 
100-MW, dual unit, natural gas-fired combustion turbine facility, modeled after the same aeroderivative LM-6000 units utilized at 
LES’ Terry Bundy Generating Station. Combustion turbines draw in air at the front, compresses it, mix it with fuel, and then 
ignite it. The hot gases expand through turbine blades connected to a generator to produce electricity. 

ADVANCED COMBUSTION TURBINE 
100-MW share of a 237-MW natural gas-fired combustion turbine, utilizing a larger, heavy frame “F-class” unit. 

CONVENTIONAL COMBINED CYCLE 
100-MW share of a 702-MW natural gas-fired combined cycle plant. Two heavy frame “F-class” combustion turbines drive 
generators and exhaust heat into a special boiler called a heat recovery steam generator to produce additional electricity. 

ADVANCED COMBINED CYCLE 
100-MW share of a 429-MW natural gas-fired combined cycle plant, utilizing a single, larger heavy frame “H-class” combustion 
turbine to support the heat recovery steam generator. 

ADVANCED COMBINED CYCLE WITH CARBON CAPTURE AND SEQUESTRATION 
Adds carbon capture technology costs and operating characteristics to an advanced combined cycle unit while capturing 90% of 
emitted CO2. 

FUEL CELL 
10-MW facility based on twenty-five 400-kW phosphoric acid fuel cell units. The fuel cells use natural gas and air vapor to create 
electricity through a chemical energy conversion. 

RECIPROCATING INTERNAL COMBUSTION TURBINE ENGINE 
85-MW facility based on five 17-MW engine generating sets. The units use a spark-ignited, piston-driven engine connected to a 
generator to produce electricity. 



 
 

 
 

 
          

            
            

  
 

 
 

   
            

  
 

  
             

          
 

 
  

           
 

 
   

           
  

 
 

            
 

   
              
     

 
 

        
 

  
            

        
 

   
              

      
 

   
            

     
 

 
 

 
           
      

 
  
            

          
           
    

 
 

  

NUCLEAR 

ADVANCED NUCLEAR 
100-MW share of a dual unit, 2,234-MW facility using nuclear fission to release energy that can be used to generate steam, 
which powers a steam turbine to generate electricity. The plant is assumed to be built at a brownfield site, or the site of an 
existing nuclear facility. Use of a brownfield site lowers the initial construction costs of the plant by leveraging some existing site 
work and infrastructure. 

RENEWABLE 

BIOMASS BUBBLING FLUIDIZED BED 
50-MW facility that burns approximately 2,000 tons of wood per day to produce steam, which is then run through a steam turbine 
connected to a generator to produce electricity. 

BIOMASS COMBINED CYCLE 
20-MW facility using a gasifier to convert approximately 500 tons of wood per day to synthetic gas, which is then used in a gas 
turbine to produce electricity. Waste heat from the gas turbine is recovered to create steam, which drives a steam turbine in a 
combined cycle system. 

GEOTHERMAL BINARY 
50-MW unit that harnesses heat provided naturally by the earth to warm a geothermal brine that in turn powers a turbine-
generator. 

GEOTHERMAL DUAL FLASH 
50-MW geothermal unit that uses a heated geothermal brine to power a two stage steam turbine, utilizing both high and low 
pressure steam to drive a single generator. 

HYDROELECTRIC 
100-MW share of a 500-MW plant using an upstream reservoir to control the flow of water powering turbine-generators. 

MUNICIPAL SOLID WASTE 
50-MW facility that burns approximately 2,000 tons of municipal solid waste per day to produce steam, which is then run through 
a steam turbine connected to a generator to produce electricity. 

ONSHORE WIND 
100-MW facility based on 56 1.79-MW turbines, each using the wind to spin a rotor that drives a generator. 

SOLAR THERMAL 
100-MW concentrated solar power facility, using dual-axis tracking mirrors to concentrate sunlight on to a tank atop a tall tower. 
Liquid molten salts are then heated within the tank and passed through a steam boiler used to power a steam turbine-generator. 

UTILITY-SCALE SOLAR PHOTOVOLTAICS – FIXED 
100-MW share of a 150-MW facility that employs fixed-position solar panels, each composed of a number of solar cells 
containing a photovoltaic material, to generate power by converting solar radiation into electricity. 

UTILITY-SCALE SOLAR PHOTOVOLTAICS – SINGLE-AXIS TRACKING 
100-MW share of a 150-MW facility that employs horizontal, single-axis tracking solar panel assemblies, each tracking the sun 
across the sky from east to west. 

STORAGE 

BATTERY STORAGE 
4-MW facility, with 2 MWh of energy storage, using lithium-ion batteries. The batteries are charged during periods of low-cost 
electricity and discharged during periods of higher-cost electricity. 

PUMPED STORAGE 
100-MW share of a 250-MW facility using reversible turbine generators that are also capable of being operated as pumps. 
During periods of low-cost electricity, the turbines operate in reverse, pumping water from a lower reservoir to a higher-elevation 
reservoir. During periods of higher-cost electricity, the water flows naturally from the higher-elevation reservoir and through the 
turbines to drive generators that produce electricity. 

Source: 
Capital Cost Estimates for Utility Scale Electricity Generating Plants, U.S. Energy Information Administration, April, 2013 and November, 2016. 



 

      

  

  

      

  

  

   

      

   

       

        

2017 IRP — SEP Portfolio Benefit/Cost Test Results 

Total Resource Cost Test (TRC) 
B/C Ratio ≥ 1.0 

Value of Carbon 
($/ton) 

Value of Capacity 
$0 $20 $ 0 

($/kw-year) 

None 
0.79 0.95 1.10 

($0) 

Market 
0.92 1.08 1.2  

($19) 

Construction 
1.27 1. 3 1.58 

($80) 

Ratepayer Impact Measure Test (RIM) 
B/C Ratio ≥ 1.0 

Value of Carbon 
($/ton) 

Value of Capacity 
$0 $20 $ 0 

($/kw-year) 

None 
0.51 0.62 0.72 

($0) 

Market 
0.60 0.70 0.81 

($19) 

Construction 
0.83 0.93 1.03 

($80) 

Utility Cost Test (UCT) 
B/C Ratio ≥ 1.0 

Value of Carbon 
($/ton) 

Value of Capacity 
$0 $20 $ 0 

($/kw-year) 

None 
1.6  1.97 2.30 

($0) 

Market 
1.93 2.25 2.58 

($19) 

Construction 
2.65 2.97 3.30 

($80) 

UCT Primary / RIM Secondary 
UCT B/C Ratio ≥ 1.0, RIM B/C Ratio ≥ 0.6 

Value of Carbon 
($/ton) 

Value of Capacity 
$0 $20 $ 0 

($/kw-year) 

None 
1.6/0.5 2.0/0.6 2.3/0.7 

($0) 

Market 
1.9/0.6 2.3/0.7 2.6/0.8 

($19) 

Construction 
2.7/0.8 3.0/0.9 3.3/1.0 

($80) 

Note: Calculation error corrected subsequent to public meeting. 
Lincoln Electric System   ·   les.com 



 

 
 

 
 

 

 
 

 
 
 

 

  
   
  
                            
                         

2017 IRP #2 Promotion 

Public meeting 
LES is composing its next Integrated Resource Plan (IRP , 
a blueprint developed every five years to help forecast 
when power resources will be needed, what the optimal 
resource mix may look like and how the utility will bring it 
together to best serve its ratepayers in the future. 

LES is hosting a public meeting to review LES 
Administrative Board decisions regarding the Sustainable 
Energy Program benefit/cost metrics and related 
input assumptions. Feedback will be requested for the 
upcoming analysis of various supply- and demand-side 
resource options. 

Date: Thursday, June 29, 2017 
Time: 6-7 p.m. 
Location: LES Walter A. Canney Service Center 

2620 Fairfield St. (27th & Fairfield  

Print Ad 

Email 



2017 IRP #2 Promotion 

Social Media Examples 
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2017 Lincoln Cooperative Integrated Resource Plan 

Appendix J:  Public Meeting #3 Materials 
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2017 IRP – Final Draft 

Resource Analysis & Recommendations 

Scott Benson 

Manager, Resource & Transmission Planning 

August 24, 2017 

2017 IRP – Timeline 

2 

SEP OCT NOV DEC 

MAY JUN JUL AUG 

JAN FEB MAR APR 

Generation/SEP Portfolio Analysis 

Refine Scope 

Board meeting 

SEP Program Analysis 

Assemble final report 

Public meeting IRP due to WAPA 

• Primary IRP decision points 

• SEP/thermostat work to date 

• SEP metrics 

• SEP assumptions 

• WAPA 

• SEP portfolio 

• Smart thermostat program 

SEP Program Analysis 

• Report approval 



   

 

   

    

   

        

        

    

  

         

       

 

2017 IRP – Primary Decision Points 

Western Area Power Administration (WAPA) Contract 

LES’ current hydropower contract expires in 2020.  LES must evaluate a recent 

offer to extend the contract from 2021 – 2050. 

Sustainable Energy Program (SEP) Metrics/Assumptions 

LES has determined which metric(s) to use for evaluating the SEP and assumptions 

to be used for related capacity and carbon emission inputs.  Now LES must 

evaluate whether to continue offering the program in the future. 

Smart Thermostat Demand Response (DR) Program 

Based on the results of its recently completed pilot, LES must evaluate whether to 

proceed with a full smart thermostat DR program for the residential sector. 

3 

4 

2017 IRP 

WAPA Pre-Analysis Qualitative Considerations 



   

      

      

       

          

 

     

 

         

       

    

        

    

 

WAPA – Pre-Analysis Qualitative Considerations 

5 

WAPA represents a sizable piece of LES’ renewable portfolio: 
• 9% of LES’ portfolio on a nameplate basis (2017). 
• 17% of LES’ renewable portfolio on an energy basis (2016). 

WAPA represents the rare renewable resource that inherently provides the ability to 

schedule output. 

WAPA represents the only hydroelectric resource in LES’ portfolio, providing 

valuable diversity. 

If LES elected not to extend the WAPA agreement, it is highly likely that there would 

never be another chance to get it back, and it would likely prove very difficult to 

replace it with other hydro in the future. 

Before undertaking any type of quantitative analysis, you could already see that this 

was a resource we should seriously consider retaining. 

6 

2017 IRP 

Software Model 



  

    

  

  

     

 

    

     

       

  

 

 

 

   

     

 

      

        

  

  

 

 

      

   

   

   

    

     

    

 

    

    

    

 

  

 

  

 

   

 

 

Resource Analysis – EGEAS Software Model 

7 

EGEAS is used by numerous companies, including 

the Midcontinent Independent System Operator 

(MISO), for future resource planning.  The Southwest 

Power Pool (SPP) is currently in the process of 

evaluating EGEAS. 

EGEAS utilizes dynamic programming, evaluating all 

possible resource combinations, to identify an 

optimal solution based on the Net Present Value 

(NPV) of total production costs, including: 

• Construction costs. 

• Operating costs. 

• Reliability constraints. 

IRP analysis was run with EGEAS (Electrical Generation Expansion Analysis 

System), a software tool originally developed by the Electric Power Research 

Institute (EPRI) in 1983. 

Source: The Electric Generation Expansion Analysis System 

(EGEAS) Software, 2015 EPRI Update, Electric Power 

Research Institute, September 17, 2015. 

EGEAS Model Assumptions – Architecture 

8 

LES 

System A 

SPP 

System B 

EGEAS develops optimal, lowest cost 

resource expansion plan for LES (System 

A) while accounting for potential sales to, 

and purchases from, SPP (System B). 

Expansion plan must maintain SPP reserve 

margin requirement (112% of peak load) for 

LES across entire 25-year study period 

(2017 – 2041). To capture financing costs 

of new units, EGEAS also includes a 30-

year extension period (2042 – 2071). 

Source: Annual Energy Outlook 2017, U.S. Energy Information Administration, 

January 5, 2017. 

Source: Capital Cost Estimates for Utility Scale Electricity 

Generating Plants, U.S. Energy Information 

Administration, April 2013 and November 2016. 

Fuel Costs 

New Resources 

2017 Load Forecast 

Existing Resources 

2017 SPP ITP10 Model 

(Load & Resources) 

CO2 ($/Ton)
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Natural Gas/CO2 Costs 

Methodology 

http://eea.epri.com/pdf/Diamant_EPRI__EGEAS_UsersGroup_091715_Final.pdf
https://www.eia.gov/outlooks/aeo/
https://www.eia.gov/outlooks/capitalcost/pdf/updated_capcost.pdf
https://www.eia.gov/analysis/studies/powerplants/capitalcost/pdf/capcost_assumption.pdf
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EGEAS Model Assumptions – LES Load & Capability 

With WAPA Contract Extension 
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EGEAS Model Assumptions – LES Load & Capability 

Without WAPA Contract Extension After 2020 

Deficit Year: 2030 



    

  

   

   

  

  

  

   

   

 

  

 

 

 

 

 

 

   

  

      

        

 

EGEAS Model Assumptions – New Resource Alternatives 

Final IRP evaluation set 

COAL RENEWABLE 

Advanced Pulverized Coal with CCS Biomass Bubbling Fluidized Bed 

Ultra Supercritical Pulverized Coal with CCS Hydroelectric 

Municipal Solid Waste 

NATURAL GAS Onshore Wind 

Advanced Combustion Turbine Solar Thermal 

Advanced Combined Cycle Utility-Scale Solar Photovoltaics – Single-Axis Tracking 

Advanced Combined Cycle with CCS 

Fuel Cell STORAGE 

Reciprocating Internal Combustion Turbine Engine Battery Storage 

Pumped Storage 

NUCLEAR 

Advanced Nuclear 

Plus LES’ primary decision points: 

• WAPA – Model representation of contract. 

• SEP – Model representation of current portfolio, including cost adder equivalent to 40% of projected lost 

revenue, reflecting previous IRP decision to require portfolio to attain RIM B/C ratio ≥ 0.6. 

• Smart Thermostats – Model representation of residential DR program. 

12 

2017 IRP 

Base Case Analysis 

11 



     

         

        

          

       

         

        

 

        

  

      

 

     

       

    

       

    

   

  

    

    

     

     

   

    

    

  

   

 

 

Example: Interpreting EGEAS Expansion Plan Results 

13 

Recorded EGEAS’ top-rated expansion plan for each study scenario and then 

developed a color-coded summary per resource.  Shaded cells indicate a resource's 

inclusion within the 2017 - 2041 study period; the darker the shading, the earlier the 

unit was selected. 

Typically, more value should be placed on unit selections made earlier in the study 

period: 

• EGEAS assumes no new load growth and no new resource additions during the 

extension period (2042 – 2071); resources are automatically replaced with like 

substitutions at retirement. 

• Because of this approach, it often places too much importance on not “over 

building” late in the study period, attempting to pick resources whose size more 

closely matches the near term reserve margin requirements. 
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Example: Interpreting EGEAS Expansion Plan Results 

14 

Dark shading, indicating selections earlier in the study 

period, typically have more significance. 

Lighter shading, indicating selections later in the study 

period, typically have less significance. 

Given these results, 

Resource A would 

appear to have more 

long term value to 

LES than Resource B. 

It was selected as part 

of the optimal portfolio 

under a wider range 

of scenarios, and was 

generally selected 

much earlier in the 

study period. 
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EGEAS Expansion Plan Results 

Base Case 

15 

EGEAS Expansion Plan Results 

Base Case 

16 

• WAPA selected early in the study period across a wide range of 

scenarios, indicating high value. 

• Although WAPA wasn’t selected under scenarios of high natural 

gas and CO2 prices, WAPA’s value actually increases under those 
conditions since it is essentially independent of either of those 

factors.  EGEAS may have seen more benefit from other 

alternatives under those scenarios, but WAPA would not be 

detrimental, making it a valuable hedge against rising costs. 

• SEP displays high value 

under some scenarios. Like 

WAPA, SEP actually 

increases in value as natural 

gas and CO2 prices rise, also 

providing a valuable hedge. 

• Smart thermostats only 

selected in last year of study; 

may be too small to evaluate. 
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2017 IRP 

Sensitivities 

EGEAS Expansion Plan Sensitivities 

18 

In order to more fully assess the various resource alternatives, LES also undertook 

a number of sensitivities: 

1) Annual reduction in wind capital costs. 

2) Sensitivity 1 plus higher wind accreditation. 

3) Annual reduction in solar photovoltaic (PV) capital costs. 

4) Sensitivity 3 plus higher solar PV accreditation. 

5) Increased annual escalation of regulatory CO2 costs. 

6) Increased saturation of electric vehicles. 
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Sensitivity #2 

Reduction in Wind Costs and Higher Accreditation 

EGEAS Expansion Plan Results 

Base Case 

20 



  

      

         

     

       

    

    

       

     

     

  

      

        

        

EGEAS Expansion Plan Results 

Sensitivity #2: Reduction in Wind Costs and Higher Accreditation 

21 

22 

• WAPA selected even earlier in the study period across a number 

of scenarios, indicating higher value.  In overly simplistic terms, 

EGEAS generally favored WAPA when CO2 values were low and 

Wind when CO2 values were high. 

• Recall though, WAPA’s value actually increases as CO2 values 

rise since it generally has no CO2 emissions.  EGEAS may have 

seen more benefit from wind under those specific conditions, but 

WAPA would not be detrimental, still bringing enhanced value. 

EGEAS Expansion Plan Results 

Sensitivity #2: Reduction in Wind Costs and Higher Accreditation 

• SEP still represented in the majority of scenarios, but is only ever 

selected in the last year of the study period, indicating low value. 
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Sensitivity #4 

Reduction in Solar PV Costs and Higher Accreditation 

EGEAS Expansion Plan Results 

Base Case 

24 



  

      

       

     

       

     

    

      

  

  

  

      

     

       

   

        

EGEAS Expansion Plan Results 

Sensitivity #4: Reduction in Solar PV Costs and Higher Accreditation 

25 

26 

• WAPA still selected early in the study period across a number of 

scenarios, indicating high value.  However, it did surrender much 

of its ground to solar PV under cases of high natural gas and CO2 

prices. 

• Recall though, WAPA’s value actually increases under those 
conditions since it is generally independent of either of those 

factors.  EGEAS may have seen more benefit from solar PV under 

this specific sensitivity, but WAPA would not be detrimental, still 

bringing enhanced value. 

EGEAS Expansion Plan Results 

Sensitivity #4: Reduction in Solar PV Costs and Higher Accreditation 

• SEP displays value under far fewer scenarios, but the number of 

scenarios where it is selected early in the study period is largely 

unchanged. 

• However, like WAPA, the benefits of SEP generally increase as 

natural gas and CO2 prices rise, still bringing value under those 

futures. 
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Sensitivity #5 

Increase in Annual Escalation of CO2 Value 

EGEAS Expansion Plan Results 

Base Case 

28 



  

      

  

      

       

     

       

     

        

   

   

     

   

       

      

EGEAS Expansion Plan Results 

Sensitivity #5: Increase in Annual Escalation of CO2 Value 

29 

EGEAS Expansion Plan Results 

Sensitivity #5: Increase in Annual Escalation of CO2 Value 

30 

• WAPA still selected early in the study period across a number of 

scenarios, indicating high value.  However, it did surrender much 

of its ground to primarily nuclear under cases of high CO2 prices. 

• Again, WAPA’s value actually increases under those conditions 

since it generally has no CO2 emissions.  EGEAS may have seen 

more benefit from nuclear under this specific sensitivity, but WAPA 

would not be detrimental, still bringing enhanced value. 

• SEP displays value under far fewer scenarios, specifically those 

that feature high CO2 prices. 

• Again, like WAPA, the benefits of SEP generally increase as CO2 

prices rise, still bringing value under those futures. 
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Sensitivity #6 

Increased Saturation of Electric Vehicles 

EGEAS Expansion Plan Results 

Base Case 

32 



  

    

  

    

     

  

      

      

EGEAS Expansion Plan Results 

Sensitivity #6: Increased Saturation of Electric Vehicles 

33 

EGEAS Expansion Plan Results 

Sensitivity #6: Increased Saturation of Electric Vehicles 

• Other than a few specific cases, WAPA’s value was largely 
unchanged under this sensitivity. 

• Like WAPA, this sensitivity generally had little impact on the 

perceived value of SEP, limited to changes in only a few specific 

cases. 
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2017 IRP 

Recommendations 

2017 IRP – Recommendations 

WAPA Contract 

• Qualitative considerations suggest WAPA brings value as a scheduled, 

renewable energy resource that diversifies LES’ portfolio. 

• Load forecast and current portfolio suggest LES would need to pursue 

replacement generation shortly after the expiration of the current contract. 

• Expansion plan analysis suggests WAPA routinely one of best resource options 

for LES over large range of scenarios; also provides hedge against uncertainty. 

» Draft IRP recommends exercising the 2021 – 2050 contract extension. 

Sustainable Energy Program (SEP) 

• Previous discussions suggested SEP brings value in meeting LES’ Sustainability 
Target and strengthens relationships with customers and trade allies. 

• Expansion plan analysis suggests SEP is a preferred resource option over 

modest range of future scenarios; also provides hedge against uncertainty. 

» Draft IRP recommends continuation of the SEP, with further consideration given 

to the program’s breadth each year as part of the annual budget process. 
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2017 IRP – Recommendations 

Smart Thermostat DR Program 

• Expansion plan results appear inconclusive, probably because of the program’s 
small size relative to other resource alternatives under consideration. 

» Deferred decision to SEP-level analysis, covered under next presentation. 

Electric Vehicles Sensitivity 

• The results of this sensitivity were largely uneventful.  However, modeling the 

case brought to light just how much the impacts to LES could swing based simply 

on when customers choose to charge their vehicles. 

• U.S. DOE, EPRI and some utilities have researched this topic, but their results 

do not always align.  Plus, how well do they represent our service area? 

» Draft IRP recommends consideration for an electric vehicle study.  Action plan 

calls for evaluation of a potential future pilot in 2018, with details TBD. 
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Demand Response and 

Heat Pump Water Heater 

Program Recommendations 
2017 IRP – Final Draft 

August 24, 2017 

Marc Shkolnick 

Manager, Energy Services 

1 

 Should LES launch a demand response program? 

 Should LES launch or pilot a residential heat pump 

water heater incentive program? 

Key Policy Questions Remaining 

2 
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Refresher: Previous 2017 IRP Modeling Decisions 

3 

Use a representative market value of generating 
capacity. 

Use a mid range value for carbon reduction. 

Evaluate SEP cost effectiveness at the portfolio 
level. 

Require SEP portfolio to achieve ≥ 1.0 on UCT and 
≥ 0.6 RIM as a secondary test. 
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Demand Response: Measure Level Tests 
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-Demand Response: Portfolio Level Tests 

Bring Your Own Thermostat (BYOT) 

structure appears superior: 

• Quantitative impacts to the SEP 

portfolio are less significant. 

• Customer significantly less likely to 

contact LES for technical support for 

thermostats. 

Should LES launch a demand response program? 

6 

 Recommendations: 

 Prepares the utility for long term uncertainty about 

regulations which may impact capacity and provides 

another opportunity to engage customers. 

 Based on planning assumptions, appears to pull down 

UCT and RIM at the portfolio level, although not 

significantly. 

» Draft IRP calls for a Bring-Your-Own-Thermostat 

(BYOT) program initially focused on customers who 

have installed an internet-connected thermostat. 

Depending on natural market adoption and program 

enrollment, consider incenting the purchase of an 

internet-connected thermostat in the future. 
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Heat Pump Water Heater 

7 
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Heat Pump Water Heater: Measure Level Tests 
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Heat Pump Water Heater: Portfolio Level Tests 

Should LES launch or pilot a residential heat pump 

water heater incentive program? 

10 

 Recommendation: 

 Based on planning assumptions, heat pump water 

heaters appear to pull up UCT and RIM at the portfolio 

level. 

 Uncertainty about comfort and additional heating 

requirements in winter time. 

 Program would only apply to the 25% of customers 

who have electric water heating. 

» Draft IRP calls for further evaluation of program in 

2018, allowing staff time to better understand demand 

and energy impacts as well as customer comfort. 
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2017 IRP — Resource Data Comparison 
Capital Cost ($/kW)1 Fixed O & M ($/kW-Yr)1 Variable O & M ($/MWh)1 

Solid Waste 
Biomass - CC 

Fuel Cells 
Wind - Offshore 

Geothermal - DF 
IGCC/CCS 

Nuclear 
Pumped Storage 

Solar Thermal 
USC/CCS 
APC/CCS 

Biomass - BFB 
Geothermal - B 

IGCC 
USC 

Hydro 
APC 

Battery Storage 
Solar PV - Track 
Solar PV - Fixed 

NGCC - Adv/CCS 
Wind - Onshore 

RICE 
NGCC - Adv 

CT - Conv 
NGCC - Conv 

CT - Adv 

$9,038 
$8,538 

$7,574 
$6,842 

$6,787 
$6,744 

$5,954 
$5,750 

$5,343 
$5,196 

$4,931 
$4,891 

$4,742 
$3,950 

$3,716 
$3,192 

$3,030 
$2,875 

$2,460 
$2,400 

$2,141 
$1,976 

$1,372 
$1,128 
$1,103 

$1,000 
$693 

Solid Waste $428.5 
Biomass - CC $388.5 

Geothermal - DF $144.0 
Biomass - BFB $112.4 
Geothermal - B $109.1 

Nuclear $102.5 
IGCC/CCS $90.4 

Wind - Offshore $80.7 
Solar Thermal $73.4 

APC/CCS $72.5 
USC/CCS $71.5 

IGCC $56.1 
USC $43.0 

Battery Storage $40.9 
Wind - Onshore $40.6 

NGCC - Adv/CCS $34.7 
APC $34.0 

Solar PV - Track $22.3 
Solar PV - Fixed $22.2 

Pumped Storage $19.6 
CT - Conv $17.9 

Hydro $15.4 
NGCC - Conv $11.2 

NGCC - Adv $10.2 
RICE $7.1 

CT - Adv $6.9 
Fuel Cells $0.0 

Fuel Cells 
Biomass - CC 

CT - Adv 
APC/CCS 

Solid Waste 
IGCC/CCS 

Battery Storage 
IGCC 

NGCC - Adv/CCS 
USC/CCS 

RICE 
APC 
USC 

Biomass - BFB 
NGCC - Conv 

CT - Conv 
Nuclear 

NGCC - Adv 
Solar Thermal 

Pumped Storage 
Solar PV - Track 
Solar PV - Fixed 
Wind - Onshore 
Wind - Offshore 

Hydro 
Geothermal - DF 

Geothermal - B 

$46.9 
$19.1 

$10.9 
$10.4 

$9.5 
$9.2 

$8.2 
$7.9 

$7.4 
$7.3 

$6.0 
$4.9 
$4.7 

$4.3 
$3.6 
$3.6 

$2.4 
$2.0 

$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 
$0.0 

CO2 (lb/MMBtu)1 NOx (lb/MMBtu)1 SO2 (lb/MMBtu)1 

USC 
IGCC 
APC 

Solid Waste 
Biomass - CC 

Biomass - BFB 
USC/CCS 
Fuel Cells 

Geothermal - DF 
Geothermal - B 

RICE 
NGCC - Conv 

NGCC - Adv 
CT - Conv 

CT - Adv 
IGCC/CCS 
APC/CCS 

NGCC - Adv/CCS 
Solar Thermal 

Pumped Storage 
Solar PV - Track 
Solar PV - Fixed 
Wind - Onshore 
Wind - Offshore 

Hydro 
Nuclear 

Battery Storage 

206.0 
206.0 
206.0 

200.0 
195.0 
195.0 

144.0 
130.0 

120.0 
120.0 

117.0 
117.0 
117.0 
117.0 
117.0 

20.6 
20.6 

12.0 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Solid Waste 
Biomass - BFB 

RICE 
USC/CCS 

USC 
APC/CCS 

APC 
CT - Conv 

CT - Adv 
Fuel Cells 

NGCC - Conv 
NGCC - Adv/CCS 

NGCC - Adv 
IGCC/CCS 

IGCC 
Biomass - CC 
Solar Thermal 

Pumped Storage 
Solar PV - Track 
Solar PV - Fixed 
Wind - Onshore 
Wind - Offshore 

Hydro 
Geothermal - DF 

Geothermal - B 
Nuclear 

Battery Storage 

0.270 
0.080 

0.070 
0.060 
0.060 
0.060 
0.060 

0.030 
0.030 

0.013 
0.008 
0.008 
0.008 
0.008 
0.008 
0.008 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Geothermal - DF 
Geothermal - B 

USC 
APC 

Solid Waste 
IGCC 

USC/CCS 
APC/CCS 

IGCC/CCS 
RICE 

NGCC - Conv 
NGCC - Adv/CCS 

NGCC - Adv 
CT - Conv 

CT - Adv 
Fuel Cells 

Solar Thermal 
Pumped Storage 
Solar PV - Track 
Solar PV - Fixed 
Wind - Onshore 
Wind - Offshore 

Hydro 
Biomass - CC 

Biomass - BFB 
Nuclear 

Battery Storage 

0.200 
0.200 

0.100 
0.100 

0.070 
0.025 

0.020 
0.020 

0.015 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Solid Waste 
Biomass - BFB 

Biomass - CC 
APC/CCS 

IGCC/CCS 
Nuclear 

CT - Conv 
CT - Adv 

USC/CCS 
Geothermal - DF 

Geothermal - B 
Fuel Cells 

USC 
APC 

IGCC 
RICE 

NGCC - Adv/CCS 
NGCC - Conv 

NGCC - Adv 
Battery Storage 

Hydro 
Wind - Offshore 
Wind - Onshore 
Solar PV - Fixed 
Solar PV - Track 
Pumped Storage 

Solar Thermal 

Heat Rate (Btu/kWh)1,2 

$18,000 Biomass - CC 

$13,500 Biomass - BFB 

$12,350 IGCC/CCS 

$12,000 IGCC 

$10,700 USC/CCS 

$10,459 USC 

$10,000 Solar Thermal 

$9,800 APC/CCS 

$9,750 APC 

$9,510 Wind - Onshore 

$9,510 Wind - Offshore 

$9,500 Solid Waste 

$8,800 Hydro 

$8,800 NGCC - Conv 
$8,700 NGCC - Adv/CCS 

$7,900 NGCC - Adv 
$7,525 Nuclear 

$6,600 RICE 
$6,300 Pumped Storage 

N/A CT - Conv 
N/A CT - Adv 
N/A Fuel Cells 
N/A Battery Storage 
N/A Geothermal - DF 
N/A Geothermal - B 
N/A Solar PV - Track 
N/A Solar PV - Fixed 

Forced Outage Rates (%)3,4 

9.0% 
9.0% 

8.0% 
8.0% 

6.0% 
6.0% 
6.0% 
6.0% 
6.0% 

Abbreviation Descriptions 
Nuclear Advanced Nuclear 
APC Advanced Pulverized Coal 
APC/CCS Advanced Pulverized Coal with CCS 
Battery Storage Battery Storage 
Biomass - BFB Biomass - Bubbling Fluidized Bed 
Biomass - CC Biomass - Combined Cycle 
CT - Adv Combustion Turbine - Advanced 
CT - Conv Combustion Turbine - Conventional 
Fuel Cells Fuel Cells 
Geothermal - B Geothermal - Binary 
Geothermal - DF Geothermal - Dual Flash 
Hydro Hydroelectric 
IGCC Integrated Gasification Combined Cycle 
IGCC/CCS Integrated Gasification Combined Cycle with CCS 
Solid Waste Municipal Solid Waste 
NGCC - Adv Natural Gas Combined Cycle - Advanced Generation 
NGCC - Adv/CCS Natural Gas Combined Cycle - Advanced Generation with CCS 
NGCC - Conv Natural Gas Combined Cycle - Conventional 
Wind - Offshore Offshore Wind 
Wind - Onshore Onshore Wind 
Solar PV - Fixed Photovoltaic - Fixed 
Solar PV - Track Photovoltaic -Tracking 
Pumped Storage Pumped Storage 
RICE Reciprocating Internal Combustion Engine 
Solar Thermal Solar Thermal - Concentrated Solar Power 
USC Ultra Supercritical Coal 
USC/CCS Ultra Supercritical Coal with CCS 

Notes: 
1) Unless otherwise noted, all data derived from the following: 

2016 Capital Cost Estimates for Utility Scale Electricity Generating Plants,  U.S. Energy Information Administration, Nov., 2016. 
Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants,  U.S. Energy Information Administration, Apr., 2013. 

2) Advanced Nuclear, Geothermal - Binary, Geothermal - Dual Flash, and Reciprocating Internal Combustion Engine data derived from the following: 
Assumptions to the Annual Energy Outlook 2017,  U.S. Energy Information Administration, Table 8.2, Jul., 2017. 

3) Unless otherwise noted, all data derived from the following: 
2012 Lincoln Cooperative Integrated Resource Plan,  Lincoln Electric System, Dec, 2012. 

4) Fuel Cells and Municipal Solid Waste data based upon general industry knowledge. 

5.0% 
5.0% 
5.0% 
5.0% 

4.0% 
4.0% 
4.0% 
4.0% 

3.0% 
3.0% 
3.0% 
3.0% 

2.0% 
2.0% 

0.8% 
0.8% 

0.0% 
0.0% 
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2017 IRP #3 Promotion 

Public meeting 
LES is composing its next Integrated Resource Plan (IRP , 
a blueprint developed every five years to help forecast 
when power resources will be needed, what the optimal 
resource mix may look like and how the utility will bring it 
together to best serve its ratepayers in the future. 

LES is hosting a public meeting to review the final 
draft of the report and the related action plan, which 
includes details on the future of the Western Area Power 
Administration contract, Sustainable Energy Program and 
smart thermostat pilot program. The LES Administrative 
Board will take action on the report at its Sept. 15 meeting. 

Date: Thursday, August 24, 2017 
Time: 6-7:30 p.m. 
Location: LES Walter A. Canney Service Center 

2620 Fairfield St. (27th & Fairfield  

Print Ad 

Email Example 
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Social Media Examples 
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Subj ct: LES 2017 IRP - Posting of Final R port 

Hello, 

 n behalf of LES, I want to thank you for taking an active part in our 2017 Integrated Resource Planning (IRP) process, 

either through attendance at the LES public meetings or through the feedback you provided along the way. Public input 

is a core part of the IRP, and your ideas and questions helped form the final product. I’m pleased to say the final report 

was approved by the LES Board earlier this afternoon and is now available on les.com.  ther than a few typographical 

corrections, it is essentially identical to the draft report available previously, but please don’t hesitate to reach out if you 

have any further questions or comments. 

Thank you again for your interest and involvement in the 2017 IRP. 

Scott J Benson, P E | Manager, Resource & Transmission Planning 

Lincoln Electric System 

Phone: 402-473-3390 

Fax: 402-473-3208 

Email: sbenson@les.com 

1040  St. 

P Box 80869 

Lincoln, NE 68501-0869 

www.les.com 

http:www.les.com
mailto:Email:sbenson@les.com
http:thisafternoonandisnowavailableonles.com
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