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Executive Summary 
Power grid operators decide which new resources to add to their systems by balancing many factors – two of the 

most important being sufficient supply to meet future demand (also called resource adequacy) and cost. When 

planning how to provide resources during the very highest (or peak) demand times, they often choose specialized 

power plants known as “peakers.” Traditionally, peakers have been smaller, fast-acting combustion turbine plants 

fueled by natural gas. In recent years, however, some planners and other industry stakeholders have suggested 

that solar plants paired with battery storage systems can provide the same resource adequacy benefits at 

comparable cost. Given that solar and dedicated battery storage peakers have no fuel requirements and produce 

no emissions during operation, their use in place of natural gas combustion turbine plants could offer societal 

benefits. 

 

This analysis attempts to test the hypothesis that solar and dedicated battery storage can be a viable alternative to 

new natural gas combustion turbines. It does so by simulating certain operational characteristics of the Duke 

Energy Carolinas (DEC) system, a large electric balancing area in North and South Carolina, after adding either a 

new 473 MW solar array paired with 402 MW/1608 MWh battery storage or a new 402 MW natural gas 

combustion turbine. The simulation results are compared on the basis of two metrics. The first metric is resource 

adequacy performance, as measured by 1) the number of simulated hours during which demand (also referred to 

as “load”) exceeded generation 2) the mega-watt hours of unserved (or “curtailed”) load and 3) the hourly reserve 

margin defined as the percentage in each hour by which available generation exceeded load. The second metric is 

cost, as measured by a comparative annual cost calculation that combines the difference in operation (or 

“production”) costs between the two technology scenarios with the annualized capital and fixed operations and 

maintenance costs associated with the different plants. 

 

The resource adequacy simulation, performed during a future winter season using system data from DEC’s 2018 

Integrated Resource Plan (IRP), showed little difference in performance between the two technology scenarios. 

Both showed only two hours of curtailment with comparable MWhs of unserved load. The frequency, in number of 

hours, of each level of hourly reserve margin was also similar between the two scenarios. This analysis, therefore, 

supports the suggestion that solar and dedicated battery storage at the tested size and configurations can offer 

similar resource adequacy benefits to new natural gas combustion turbine plants. 

 

The production cost simulation, performed during a future five-year period using the same DEC 2018 IRP system 

data, showed that the operational cost of the system using solar and battery storage was less expensive than when 

using the new natural gas combustion turbine; but, this production cost savings was insufficient to make the solar 

and battery storage system cheaper on an annual basis than the new natural gas combustion turbine when 

factoring in capital and fixed operations and maintenance costs. The annual cost of the solar and battery storage 
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system was between $10 million and $70 million more expensive depending on assumptions related to the capital 

and fixed costs. Notably, the production cost savings from the use of solar and battery storage were hampered by 

the type of generation dispatched to make up the difference in total energy supplied by the solar and battery 

storage as compared to the natural gas combustion turbine plant. In the simulation, the new natural gas 

combustion turbine power supplied approximately 300,000 additional MWhs to the grid compared to the solar and 

battery storage peaker. In the solar plus battery storage simulation, these additional MWhs were often supplied by 

older, more expensive gas combustion turbine plants whose costs eat into the savings achieved by the zero-fuel-

cost solar and battery peaker. 

 

Future analysis should focus on optimizing the size and configuration of the solar and battery storage peaker to 

determine if similar performance can be achieved with smaller, and therefore less costly, systems. Additionally, a 

longer-term forecast of generation changes in the DEC system may show that increasing deployment of both zero-

fuel cost renewables and new gas generation with comparable efficiency to the analyzed combustion turbine 

peaker will lead to less utilization of the older, more expensive resources in the solar and battery peaker scenario. 

Presumably, this will create additional production cost savings in the latter years of the assumed 20-year plant 

lifetimes and may produce comparative annual cost results more favorable to the solar and battery storage 

scenario. 
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Introduction 
Electric utilities must plan their systems to meet electric demand for all customers at all times. Service 

interruptions other than those due to unplanned equipment failures must be extremely rare: one day in ten years 

is the maximum allowed under many utility planning criteria.1 Given the relationship of electric demand to variable 

factors, most importantly ambient temperature, annual demand peaks (measured in megawatts [MW] of required 

electric generating capacity) for many utilities will occur for only a few hours each year when ambient 

temperatures are at their most extreme.2 Because these extremes are so rare, and can sometimes far exceed 

“typical” levels of demand, it is more economical to dedicate specific generating units to providing electricity at 

these times rather than size frequently-used generators such that they maintain excess capacity.3 Specific 

generators designed to be used only during times of high demand are referred to as “peaking plants” or “peakers.”  

 

Currently, most peakers are simple-cycle combustion turbine generators fueled by natural gas (SCGTs). 

Combustion turbines can respond quickly to demand changes and are relatively simple to operate. However, they 

are inefficient converters of fuel to electric energy, subject to variable fuel prices, and emitters of harmful 

pollutants.4 Historically, SCGTs remained the preferred option for peaking capacity because alternatives were 

either unable to provide the specific services required of a peaking plant, more expensive, or both. However, 

technological advances and decreasing costs are rapidly making the combination of solar power and energy 

storage a viable peaker replacement for SCGTs. Analysis from the research firm Wood Mackenzie shows energy 

storage competing with new SCGTs on price within 5 years.5 In California, plans for a new SCGT were recently put 

on hold after a study showed that storage and Distributed Energy Resources (DERs) like solar could provide the 

necessary grid services previously allocated to the future SCGT plant.6 It is clear that the technology choice for 

utilities and resource adequacy seeking new peaking capacity is no longer so clear cut. Solar and storage may offer 

a better solution depending on location, capital costs, energy prices, costs of emissions, utility regulatory regime 

and other factors. 

 

This Masters Project will seek to determine whether energy storage plus solar is a viable alternative to planned 

SCGT generation in North Carolina. Using a currently-identified capacity need in the Duke Energy Carolinas system, 

the analysis will compare the performance and cost of the utility-designated technology choice to meet this need, 

a new SCGT plant, with a hypothetical solar photovoltaic and battery storage resource. 

                                                             
1 (North American Electric Reliability Council n.d.) 
2 (California Independent System Operator, Division of Ratepayer Advocate 2011) 
3 (Donev, Hanania and Stenhouse n.d.) 
4 (U.S. Department of Energy, Office of Fossil Energy n.d.) 
5 (Merchant 2017) 
6 (Pinjuv 2017) 
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Solar and battery storage resource 

The combination of solar energy with energy storage as an electric grid resource can be classified according to five 

criteria: type of solar technology, type of storage technology, grid location, type of interconnection, and duration 

of storage. For this analysis the solar and energy storage resource modeled was a fixed-tilt solar photovoltaic (PV) 

array paired with a lithium-ion battery storage system. The resource was assumed to be connected to the Duke 

Energy Carolinas-owned grid (this arrangement is sometimes referred to as “utility-scale”) at the transmission 

level. The interconnection was assumed to be such that the solar PV array and battery system could deliver their 

full capacity simultaneously but the battery system could charge only from the solar PV array. The storage duration 

for the battery system was assumed to be four hours, meaning the system is capable of delivering energy to the 

grid at its full capacity for four hours. The round-trip efficiency, or the ratio of energy received by the grid from the 

battery system to energy directed from the solar array to the battery for charging, was assumed to be 0.85.7 

 

Simple-cycle Gas Turbine resource 

Duke Energy Carolinas (DEC) and Duke Energy Progress (DEP) have each proposed new SCGT capacity in their most 

recent Integrated Resource Plan updates. 8,9  Duke Energy Carolinas proposes to take care, custody and control of 

the 402 MW Lincoln County CT plant in late 2024 and add a further 460 MW of SCGT in 2033 while Duke Energy 

Progress proposes to bring 2,760 MW of new SCGT capacity online between 2028 and 2032. This analysis considers 

only the Duke Energy Carolinas system during the years 2025, 2026 and 2027 and therefore models only one new 

SCGT resource, the Lincoln County CT plant. Of note, Duke Energy Carolinas received approval from the North 

Carolina Utilities Commission (NCUC) to construct the new Lincoln County CT plant in December 2017.10 By 

agreement with the technology supplier, Siemens, the plant is scheduled to be complete by 2020 but will undergo 

an extended commissioning period in order for Siemens to test first-generation equipment being deployed at the 

plant. Duke will receive care, custody and control of the plant in December 2024 and has not included the plant in 

its resource adequacy planning until that time.11 

                                                             
7 (NC State Energy Storage Team 2019) 
8 (Duke Energy Carolinas, LLC 2018) 
9  (Duke Energy Progress, LLC 2018) 
10 (North Carolina Utilities Commission 2017) 
11 (Duke Energy Carolinas, LLC 2018) 
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Methods 
This analysis will compare the ability of two peaking-capacity technology options, SCGT and solar plus storage, to 

provide two grid services: resource adequacy and cost-effective generation. The methods used to evaluate the 

abilities of each technology to provide each service are discussed in more detail below. 

 

Resource Adequacy 

Resource adequacy is defined in the DEC 2018 IRP as “the ability of the electric system to supply the aggregate 

electrical demand and energy requirements of the end-use customers at all times, taking into account scheduled 

and reasonably expected unscheduled outages of system elements.”12 For planning purposes, DEC uses the 

concept of an “optimal planning reserve margin” to determine the future resource mix necessary to provide 

resource adequacy. For the 2018 IRP, DEC uses an optimal planning reserve margin of 17%, meaning that, on 

annual basis, the MW capacity of available resources should exceed the forecast seasonal peak load by 17% to 

ensure sufficient resource availability given the uncertainty of forecast demand. Duke Energy Carolinas assigns 

capacity values, in MW, to specific plants based on their fuel type and other considerations. This means that 

certain plants, like solar farms, may receive a capacity value that is less than their theoretical maximum (or 

“nameplate”) output because analysis has shown that there are unlikely to be able to deliver at that maximum 

during times of peak load. In the 2018 IRP, DEC specifically sites the low output of existing solar resources during 

winter peak periods, which typically occur in the morning hours of very cold days, in determining that solar 

resources should be assigned a capacity value of less than 2% of nameplate for winter resource adequacy planning 

purposes.13 Simple-cycle gas turbine units, including the new Lincoln County CT, are assigned a capacity value of 

100% of nameplate. 

 

Pairing solar with storage has the ability to greatly improve the capacity value of the combined resource, as 

batteries can deliver energy almost instantly at any time of day so long as they possess sufficient charge.14 To 

satisfy resource adequacy requirements, then, a planner must determine whether the battery system will possess 

sufficient charge to deliver energy to the grid during peak hours. The DEC IRP assigns a universal capacity value of 

80% of nameplate to storage resources but does not explain how this value is determined. This analysis instead 

simulated hourly dispatch of the DEC system to determine the extent to which solar plus storage increased or 

decreased loss of load events compared with a SCGT case as well as the “hourly reserve margin,” or the amount by 

which available resources exceeded demand in a given hour. 

 

                                                             
12 (Duke Energy Carolinas, LLC 2018) 
13 (Duke Energy Carolinas, LLC 2018) 
14 (NC State Energy Storage Team 2019) 
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For resource adequacy analysis, simulation runs were conducted during a period from September through April 

due to DEC’s identification of the winter peak as the most important consideration in the utility’s resource 

adequacy planning efforts. The load shape, or the hourly factors that account for changes in load from hour-to-

hour throughout the year, is taken from DEC’s actual winter 2014-2015 load data as provided to the Federal Energy 

Regulatory Commission. This shape was selected because especially cold weather during this period (a “polar 

vortex” event) created extreme winter peak loads in the DEC system that exceeded, in absolute terms, winter peak 

loading conditions in all subsequent years for which data is available.15  

 

Resource adequacy simulation runs occur during the winter of 2025-2026 to coincide with the first full Winter 

season for which the planned Lincoln CT plant will be operational. The simulation utilizes forecast winter peak and 

forecast annual total energy values for the simulated years from the DEC 2018 IRP and applies the load shaped 

referenced above to these values. For additional detail on the simulation logic and parameters, please see 

[Appendix]. 

 

Cost comparison 

Two metrics were combined to determine the comparative cost of a selected peaking capacity technology choice: 

production cost and annual fixed cost. Production cost is the operational cost of all resources used to meet load for 

a given period of time. Since the two technology choices have different fuel costs, different variable operations 

and maintenance costs, and different dispatch profiles, they will have different effects on DEC’s hourly dispatch. 

Production cost attempts to quantify the operational economic impact of a technology by looking at the total cost 

of dispatching all resources in a given period. For this analysis, production cost was calculated in dollars using the 

following formula: 

 

𝑇𝑜𝑡𝑎𝑙	𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛	𝐶𝑜𝑠𝑡	[𝑇𝑃𝐶] = 3𝑇𝐹𝐶5 +
578

579

𝑇𝑉𝑂𝑀5 

where: 

 𝑛 = index of simulated hour, starting at 1 

 𝑗 = value of 𝑛 in last hour simulated 

 𝑇𝐹𝐶5 =	total fuel cost in hour 𝑛, in dollars	

𝑇𝑉𝑂𝑀5	=	total variable operations and maintenance cost in hour 𝑛, in dollars 

	

TPC was calculated for each technology choice based on a five-year operational simulation of the Duke Energy 

Carolinas system. Since the capacity need driving the selection of the new Lincoln CT plant is identified beginning 

                                                             
15 (Federal Energy Regulatory Commission 2018) 
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in 2026, and the plant is scheduled to come online in late 2024, the simulation time horizon is January 1st, 2025 – 

December 31st, 2027. The five-year simulation was chosen as a compromise between the desire to analyze multi-

year operational data and the desire to minimize computational time. The annual peak and total annual energy for 

the simulated years is taken from the forecast in the DEC 2018 IRP. The load shape utilized for the Production Cost 

runs is based on historical load data supplied to FERC for the VACAR region (of which the DEC system is a part) and 

contained within the simulation software’s database. 

 

Note that TPC excludes the production cost of demand side management resources and curtailment events 

(should they occur). These resources were included in the simulation with very high dispatch prices to ensure they 

would only be deployed in emergency situations, but since the specific cost of these resources to the system is 

difficult to quantify their costs were excluded when calculating TPC. The TPC also excludes start-up costs, which 

are negligible, and any emissions costs. 

 

In addition to operational cost, a utility must also consider the fixed cost of a technology choice. For this analysis, 

fixed costs are considered to be the fixed operations and maintenance cost and the capital cost of deploying a new 

resource. The fixed costs are then annualized by applying a Cost Recovery Factor to the capital cost and selecting a 

fixed operations and maintenance cost given in dollars per year. This annualization method is common to energy 

system modeling and is used as a component of the Simple Levelized Cost of Energy methodology developed by 

the National Renewable Energy Laboratory (NREL).16  

 

Comparative annual cost is calculated by combining annualized fixed costs with the average annual production 

cost difference between five-year simulations of each technology choice. The formula for calculating the 

comparative annual cost is: 

 

𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑖𝑣𝑒	𝐴𝑛𝑛𝑢𝑎𝑙	𝐶𝑜𝑠𝑡	[𝐶𝐴𝐶] = 

[𝐶𝐴𝑃CD × 	𝐶𝑅𝐹 + 𝐹𝑂𝑀CD + 𝐶𝐴𝑃GH 	× 	𝐶𝑅𝐹 + 𝐹𝑂𝑀GH] − [𝐶𝐴𝑃JKL × 	𝐶𝑅𝐹 + 𝐹𝑂𝑀JKL] + [LCKMNMOLCKPQR]
S

 

 

where: 

 𝐶𝐴𝑃CD = the overnight capital cost of the solar PV array, in dollars 

𝐶𝑅𝐹 = the cost recovery factor, an annualization factor applied to plant capital costs that takes 

as inputs a discount rate and plant lifetime 

𝐹𝑂𝑀CD	=	the fixed operations and maintenance cost of the solar PV array, in dollars per year	

𝐶𝐴𝑃GH	=	the overnight capital cost of the battery system, in dollars	

                                                             
16 (National Renewable Energy Laboratory n.d.) 
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𝐹𝑂𝑀GH	=	the fixed operations and maintenance cost of the battery system, in dollars per year 

𝐶𝐴𝑃JKL = the overnight capital cost of the new Lincoln County CT plant, in dollars 

𝐹𝑂𝑀JKL	=	the fixed operations and maintenance cost of the new Lincoln County CT plant, in 

dollars per year 

𝑇𝑃𝐶JKL	=	the total production cost of the five-year simulation utilizing the new Lincoln County 

CT plant, in dollar per year 

𝑇𝑃𝐶HTH	=	the total production cost of the five-year simulation utilizing the solar plus battery 

storage system, in dollars per year	

	

The CAC indicates the amount by which the annual cost of the solar plus storage technology choice exceeds the 

annual cost of the SCGT technology. A positive CAC indicates that the cost of solar plus storage is higher, while a 

negative CAC indicates that the cost of the SCGT is higher. 

 

Capital and fixed operations and maintenance costs used in the calculation of annual fixed costs were taken from 

2018 Levelized Cost of Energy and 2018 Levelized Cost of Storage analysis published by the investment bank 

Lazard.17 The Capital Recovery Factor is calculated using a 10% discount rate and a 20-year plant lifetime following 

the methodology utilized by the NC State Energy Storage Study.18 An investment tax credit worth 10% of overnight 

capital cost was applied to solar and battery storage capital costs in line with current law and an anticipated 

construction start date of 2024.19 

 

Annualized capital costs and annual fixed operations and maintenance costs for both technology choices were 

calculated under two future scenarios: high costs and low costs. The high cost scenario assumes 2024 costs have 

remained unchanged from 2018 costs. The low cost scenario uses the compound annual growth rate calculated 

using the last five years of Lazard Levelized Cost of Energy/Storage data and applied it to 2018 capital or fixed 

operations and maintenance unit costs to estimate cost changes over the next five years.  Lazard estimates for 

natural gas peaking plant capital costs and fixed O&M costs have remained almost constant over the past five 

years and thus were assumed unchanged in the low cost and high cost scenarios. 

	

Simulation 

All operational simulations runs were performed using the Aurora version 13.1.1039 software package. Runs 

simulated the hourly unit commitment and dispatch of the DEC system based on publicly-available historical hourly 

                                                             
17 (Lazard 2018) 
18 (NC State Energy Storage Team 2019) 
19 (National Renewable Energy Laboratory 2018) 
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load shapes, peak and total annual energy values for specific years as forecast in the DEC IRP, and generation, 

storage and load reduction resources as described in the IRP. Resource parameters, including unit capacity, cost 

rates, fuel prices, operating reserve requirements, ramp rates, etc., were taken from the IRP and from the Aurora 

database. Solar output shapes are taken from the NREL System Advisor Model (SAM) and are based on weather 

data for the DEC service territory. For additional detail on the simulation inputs, see [Appendix]. 

 

Storage charge/discharge logic is based a modified version of the Aurora storage logic. The battery resource 

associated with the new solar plus storage peaking unit is set to prioritize generating during hours ending 6:00 am 

through 9:00 am, Monday through Saturday, from September through April in line with DEC’s identified capacity 

needs. Aurora’s default storage logic sets an hourly storage charge/discharge schedule on a month-ahead basis 

based on forecast load conditions.20 This schedule is then modified to prioritize charging in advance of the 

designated morning generation hours on days of the week and in months of the year for which the designated 

schedule applies. If the prioritization does not apply, the storage resource is free to charge and discharge in line 

with its default logic which seeks to smooth demand (net of must-run units) based on forecast load. Note that in all 

instances, the battery resource associated with the new solar plus storage peaking unit is limited to charging only 

from the designated solar array. For the generic battery capacity designated in DEC 2018 IRP, Aurora’s default 

storage logic is used, the resource can charge from grid power and the resource seeks to smooth demand (net of 

must-run units) based on forecast load. 

 

In all simulation runs, transmission constraints were ignored and no interchange with connected systems was 

included. 

Results 

Resource Adequacy 

Winter 2025-2026 simulation runs were conducted using each of the two technology choices, solar plus storage 

(S+S) and the new Lincoln County CT plant. Figure 1 below shows the dispatch of “customer curtailment 

resources,” a simulation proxy for loss-of-load events, by hours of occurrence and by MWh of energy curtailed, for 

each technology choice: 

 

                                                             
20 In all simulation runs performed for this analysis, there is no difference between forecast and actual load 

conditions 
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Figure 1 – Load curtailment in DEC system, Winter 2025-2026 

 
 

Figure 2 shows the frequency of various levels of hourly reserve margin, or the percentage by which available 

generation capacity exceeds demand in a given hour, for each technology choice. 

 

Figure 2 – Frequency of hours at reserve margin ranges, Winter 2025-2026 
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The two hours in each simulation during which load exceeded demand, and therefore proxy curtailment resources 

were dispatched, occurred during hours ending 7 and 8 on February 20th, 2026. Figure 3 shows the dispatch of the 

new solar peaker (solar array only), the paired battery, the demand-side management resources on the system, 

and the load curtailment proxy resource during this time period for the solar and battery storage technology 

choice scenario. 
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Figure 3 – RA solar and battery storage scenario results for Feb. 19-20, 2026: Hourly dispatch of select resources 

 

 
Figure 4 shows simulated dispatch for the same time period from the new Lincoln County CT scenario, displaying 

output from the Lincoln County CT in place of the solar peaker. 

 

Figure 4 – RA new Lincoln County Ct scenario results for Feb. 19-20, 2026: Hourly dispatch of select resources 
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Cost comparison 

Five-year simulations runs were conducted for each technology choice. Figure 5 shows the simulated production 

cost for the period 2025 – 2029 for each of the choices: 

 

Figure 5 – Production cost of the DEC System, 2025-2029 

 

 
System Total VOM Cost 
($000s) 

System Total Fuel Cost 
($000s 

System Total 
Production Cost ($000s) 

Plant Output to Grid 
(MWh) 

 A B A + B  

Year 
Solar plus 
Storage 

New 
Lincoln 
County CT 

Solar plus 
Storage 

New 
Lincoln 
County CT 

Solar plus 
Storage 

New 
Lincoln 
County CT 

Solar plus 
Storage 

New 
Lincoln 
County CT 

2025 364,931 369,603 1,481,248 1,501,321 1,846,178 1,870,925 714,978 886,046 

2026 375,449 379,486 1,518,958 1,539,234 1,894,407 1,918,720 711,367 906,414 

2027 384,296 387,981 1,548,437 1,568,302 1,932,733 1,956,283 710,551 906,374 

2028 337,741 341,996 1,507,615 1,528,964 1,845,356 1,870,960 714,943 577,690 

2029 354,012 357,404 1,560,998 1,582,541 1,915,010 1,939,944 712,100 712,097 

Total 1,816,428 1,836,470 7,617,255 7,720,362 9,433,684 9,556,832 3,563,939 3,988,621 
Note: Total production cost excludes the cost of DSM or load curtailment 

 

On average, the production cost of the DEC system with the solar plus storage technology choice was $24.6 million 

less per year than the cost of the DEC system with the new Lincoln County CT. 

 

Figure 6 shows the total variable operations and maintenance cost, total fuel cost, and total generation over the 

course of the simulation by fuel type: 
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Figure 6 – VO&M, Fuel Cost and Total MWh by Fuel 

 

 
Total VOM Cost ($000s) Total Fuel Cost ($000s) MWh Generated 

Fuel Solar plus 
Storage 

New Lincoln 
County CT 

Solar plus 
Storage 

New Lincoln 
County CT 

Solar plus 
Storage 

New Lincoln 
County CT 

Coal 959,587 960,268 4,096,043 4,096,607 151,116,079 151,223,290 

NG-NonCycling 359,692 360,895 2,025,343 2,034,592 87,860,202 88,105,304 

NG-Peaking 39,376 73,594 185,683 305,244 4,795,504 8,474,516 

NG-SuperPeaking 69,723 62,768 260,266 233,999 5,180,035 4,663,318 

Solar 0 0 0 0 29,237,529 25,319,624 

Storage 110,805 101,700 0 0 7,344,498 4,919,858 

Uranium 264,882 264,882 1,049,921 1,049,921 199,159,280 199,159,280 

Water 12,363 12,363 0 0 7,105,042 7,105,042 

Total 1,816,428 1,836,470 7,617,255 7,720,362 491,798,170 488,970,231 
 

Comparative annual costs for the low cost and high cost scenarios are shown in Figure 7: 

 

Figure 7 – Comparative Annual Costs 

 

 
Solar plus 

Storage High 
Solar plus 

Storage Low 
New Lincoln 
County CT 

PV Capital Cost 449,350,000 237,136,337  

Battery System Capital Cost 549,825,048 362,379,530  

Tax Credit Value (99,917,505) (59,951,587)  

Total Capital Cost 899,257,543 539,564,280 331,650,000 

Annualized Capital Cost 105,213,133 63,129,021 38,803,050 

Annual PV Fixed O&M Cost 4,257,000 2,246,555  

Annual Battery System Fixed O&M Cost 29,140,728 12,658,396  

Annual SCGT Fixed O&M Cost   5,025,000 

Average Annual Production Cost Change (24,629,662) (24,629,662) 0 

    

Comparative Annual Cost 113,981,198 53,404,309 43,828,050 
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Discussion 
The resource adequacy simulation shows that both technologies provide similar levels of winter peaking capacity. 

Out of 5,808 hours simulated per run, using an hourly load shape representing particularly severe historical loading 

conditions, only two hours in each technology run exhibited load curtailment. The new Lincoln County CT run 

exhibited slightly more megawatt-hours of curtailment. During the absolute peak, which occurred during the 

morning of Feb 20, 2026 in the simulation, the battery storage was able to deliver at maximum output for a three 

hour period and delivered a maximum capacity during all hours in which either demand-side management or the 

proxy load curtailment resource were dispatched. 

 

The technologies also showed similar frequencies of a given range of hourly reserve margin. The solar plus storage 

run resulted in 120 hours with a reserve margin less than 20%, while the new Lincoln County CT run resulted in 118 

such hours. 

 

The results of the resource adequacy simulation suggest that solar photovoltaic generation paired with four-hour 

duration battery storage is as capable as the new Lincoln County CT plant of providing the resource adequacy 

services identified by Duke Energy Carolinas in the 2018 IRP. 

 

Future analysis should focus on optimizing the capacity of the solar peaker resource as well as the capacity and 

maximum energy content of the paired battery storage system. At some amount of reduced capacity and duration, 

the solar peaking unit will theoretically no longer be comparable to a CT resource in terms of providing resource 

adequacy. If performance can be maintained with a smaller system, however, then the capital cost reduction will 

be valuable to the cost competitiveness of the solar and battery storage system. 

 

On a production cost basis, the five-year simulation run using the solar plus storage technology result in an average 

annual savings of $24.6 million when compared to the run using the new Lincoln County CT. However, this 

production cost savings is outweighed by the higher annual costs that result from solar plus storage capital costs 

and fixed operations and maintenance costs as compared to the new Lincoln County CT. The difference in 

comparative annual cost ranges significantly from the high cost to low cost scenarios: from $70.2 million to $9.6 

million. The wide range is partly a result of the relative immaturity of the utility-scale storage market. Both lack of 

data points and uncertainty about the continuation of historical cost decreases contribute to a wide range of 

possible cost parameters over the next five to ten years. 
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Several key simulation results may explain why other assessments of solar plus storage and gas peaking units show 

costs to be more competitive.21 First, the new Lincoln County CT unit exhibits a higher capacity factor than is 

typical for peaking units. Over the five-year simulation, its capacity factor was 24% as compared to an assumed 

10% in the Lazard 2018 LCOS. The higher capacity factor is due to the lower heat rate and operating costs as 

compared to many of Duke Energy Carolinas other natural gas units. From Figure 4 it is apparent that the 

megawatt-hours generated by older “super-peaking” units, which have very high fuel costs, are lower in the new 

Lincoln County CT scenario than in the solar plus storage scenario. Effectively, the new Lincoln County CT is 

displacing very inefficient and expensive generation. As the Duke Energy Carolinas fleet shifts towards low or zero-

cost dispatch resources like renewables and storage, it may ultimately decrease the capacity factor of SCGTs the 

new Lincoln County plant and make them less valuable. 

 

Secondly, the solar shapes utilized for new solar generation, including the solar plus storage peaker, reflect fixed-

tilt, mono-facial photovoltaic modules. Increasingly, new solar installations are moving toward single axis tracking 

systems and bifacial modules and costs for those technologies continues to fall. Testing has shown the energy gain 

from the combination of single-axis tracking and bifacial modules over fixed-tilt, monofacial modules can be as 

high as 27%. 22 Further analysis should be performed to determine whether increased energy output assumptions, 

particularly in morning and evening hours with single-axis tracking, will increase production cost savings. 

  

                                                             
21 (Lazard 2018), (Merchant 2017) 
22 (GRM Creative Strategies 2018) 
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