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Executive Summary 

The rise in temperature due to climate change has increased the frequency and severity of extreme 

weather events in the past few years. The 2010s in the US saw a total of 119-billion-dollar 

disasters, with an estimated cost of these events exceeding $800 billion. ERCOT’s grid failure in 

2021 was an example of the devastating impacts extreme weather events can have on the grid. 

Therefore, our project measured the impact of extreme weather on Duke Energy. We examined 

the reliability outcomes of different strategies for expanding power generation capacity in Duke 

Energy when extreme weather scenarios are considered. 

Introduction 

In this study, we explore the impacts of extreme weather events on the electric grid in Duke Energy 

Carolinas and Duke Energy Progress. The      occurrence of severe weather and climate conditions 

that   have devastating impacts on the society is called an extreme weather event (Extreme Weather 

- USDA, n.d.). Due to an increase in fossil fuel consumption, we have reached a point where the 

temperatures have already been raised by 1.2-degree Celsius (Taylor, n.d). This has caused ice 

caps to melt and sea levels to rise. Greenland, for instance, lost a record 532 billion tons of ice in 

2019 (Brennan, 2020). All of this has increased the frequency and intensity of cataclysmic events. 

2010s in the US saw a total of 119-billion-dollar disasters with an estimated cost of these events 

exceeding $800 billion (National Map: top disaster by state 2020 - Climate Central, 2020). These 

numbers were double that in the previous decade, and these numbers are going to rise as such 

events become intense and frequent. Climate change is the root cause of this problem, and as things 

stand, we have already reached an impasse. 

 

Extreme weather events not only cause loss of life, but also cause structural and property damage. 

Depending on the type of event, the supply or demand of electricity rises rapidly. For instance, in 

case of a snowstorm, the demand will increase, as more and more people will be running the 

heaters. The grid becomes overwhelmed, and operators rely on older and more expensive power 

plants to meet this excessive demand. If the supply is unable to meet the demand, there will be a 

power outage. If the damage is severe, it will likely cause a blackout. In case of extreme heat, 

power plants become less efficient as equipment overheats; transmission lines may sag as heat 

forces metal to expand and may even come in contact with trees leading to a potential blackout. 

The grid failure in ERCOT last year demonstrated the effect extreme cold can have on the grid.  

There was a severe winter storm in February, which left more than 45 million households without 

power and water for days. The Uri storm caused a massive generation failure, as the natural gas 

pipelines and wind turbines froze, and the generators failed. This happened largely      because this 

equipment was not weatherized. A similar but less intense event also happened in Texas in 2011, 

which should have been a lesson for ERCOT, but they failed to take proper action. Further, in its 

scenario analysis, ERCOT expected a loss of only 14 GW of thermal resources. This snowstorm, 



6 

 

however, caused a loss of around 30 GW (Cramton, 2021) of power. As climate change causes 

more frequent and unexpected weather events, it becomes vital to not only protect the equipment 

from such disasters, but also consider such events in determining the reserves to reliably supply 

electricity to everybody. Unexpected and extremely high peak demand results in running the 

reserves, which are typically comprised of the most expensive and the most polluting plants. The 

Texas snowstorm in 2021 also saw electricity prices rise from 12 cents per kWh to 9 $/kWh 

(Hersher, 2021). Utilities usually levy these charges onto their customers and can recuperate the 

money that they lose. A component of Californian’s electricity bill, for instance, includes a charge 

to protect the grid from wildfires (Borenstein et al., 2021). As wildfires become more rampant in 

California, the additional charge may spike in the next few years. Therefore, it is important to 

consider extreme weather while designing federal and state energy policies which aim to pursue a 

clean, affordable and reliable energy system. 

Objectives 

The main objective of this work is to explore the reliability outcomes of some strategies for 

expansion of power generation capacity expansion in the Duke Energy Carolinas and Duke Energy 

Progress when extreme weather scenarios (including hurricanes and tropical storms) are 

considered.      

Related to the general objective stated above, this study also seeks to shed light on the following 

questions: 

1. How will extreme weather scenarios (hurricanes and tropical storms) impact the demand 

for power? 

2. How will extreme weather scenarios (hurricanes and tropical storms) impact the supply of 

power on a seasonal basis?   

a. Will the supply be sufficient to meet the demand in case of an extreme weather 

scenario? 

b. What will be the storage requirement for meeting the demand during extreme 

weather scenarios? 

c. What will be the fuel mix under the policy scenarios in case of an extreme weather 

situation? 

3. What is the impact of extreme weather on the generation, transmission, and distribution? 

4. What is the impact on LCOE when extreme weather is included? 

5. What will be the increase in capital cost to meet demand during an extreme weather 

scenario? 
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Materials and Methods 
     The flowchart below describes the modeling process used in this exploration to investigate 

reliability under different capacity expansion alternatives.      

 
 

 

Figure 1: Model Methodology 

 

 

 

 

 



8 

 

1. Capacity Expansion Strategies 

 

Duke Energy Capacity Expansion Strategies 

 

Duke Energy’s IRP talks about six different capacity expansion strategies. Although in the IRP 

they are called “scenarios” we think it is appropriate to describe them as strategies because they 

refer to the utility’s decisions regarding retirement and development of power generation capacity. 

The IRP describes those decisions in combination with scenarios of carbon policy. However, we      

reserve the word “scenarios” to describe possible realizations of extreme weather events. Our 

analysis consists of assessing the economic and reliability outcomes of different strategies under 

different scenarios: 

 

     Strategy 1 - Base without Carbon Policy 

This base scenario assumes the current circumstances without any carbon policy. 

 

     Strategy 2 - Base with Carbon Policy 

Duke energy has committed towards a net zero carbon goal for 2050. To account for uncertainties 

in carbon policy planning, the IRP assumes a shadow price on CO2 to include the impacts from a 

carbon tax, emission allowances or a price signal to meet the clean energy standard. This scenario 

is created to achieve the least cost outcome while simultaneously resulting in higher integration of 

solar, wind, and storage resources. Furthermore, this scenario assumes that all units operating 

exclusively on coal (3200 MW from DEP and 3800MW from DEC) will be retired by 2030. Dual 

fuel generators including Cliffside 6 and Belews Creek 1 &2 with low carbon natural gas will 

continue to meet peak demand. This will help optimize existing infrastructure and provide 

flexibility to integrate renewables by reducing minimum load and bettering ramp rates.  

 

     Strategy 3 - Earliest Practicable Coal Retirements 

Instead of assuming a least cost scenario, the physical feasibility of retiring DEC/DEP’s coal 

generation sites as early as possible. This includes evaluating the implementation of replacement 

resources such as solar, wind and battery storage, in addition to creating supporting infrastructure 

such as transmission, and new gas transportation infrastructure. This scenario aims at maintaining 

reliability through planning reserves by replacing dispatchable resources at the coal retiring facility 

itself. The hope is to retire all coal units by 2030, except DEC’s Cliffside 6 unit which would 

transition to 100% natural gas by 2030. The earliest practicable coal retirements result in carbon 

reduction of 64% by 2030. However, rapid transition to get half the energy from renewable sources 

such as wind and solar, while retiring coal plants, would require rigorous energy policy and 

regulation implementation.  
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     Strategy 4 - 70% reduction in CO2 with focus on wind energy by 2030 

North Carolina’s Clean Energy Plan talks about reducing greenhouse gas emissions from the 

energy sector by 2030. Therefore, in the 2020 IRP, Duke Energy Progress and Duke Energy 

Carolinas tried to incorporate this in their model to see how their future energy fleet will look like. 

The new IRP stresses on the importance of new carbon-free technology development. In order to 

achieve a 70% reduction in GHG emissions, scenario four focuses on retiring coal plants at an 

earliest practicable date. There are, however, a few exceptions to this. For instance, one Belews 

Creek unit and Roxboro 1 & 2 units will only be able to retire by the end of 2029. This is vital, 

because by doing this DEP/DEC will be able to integrate new carbon free technologies to their 

fleet. Development of additional energy storage and offshore wind is also considered in scenario 

4. Offshore wind is the furthest in development and is less risky than other technologies, therefore, 

an important piece of the puzzle. Further, North and South Carolina will also have to make their 

policies more supportive if they want DEP and DEC to achieve this target.  

 

     Strategy 5 - 70% reduction in CO2 with focus on SMR by 2030 

Scenario 5, much like scenario 4 considers 70% greenhouse gas reduction. The only difference 

between the two scenarios is that scenario 5 considers SMR (Small Modular Reactor), while 

scenario 4 considers offshore wind. DEP/DEC expects 1,350 MW of SMR will be in the fleet by 

2035. Small Modular Reactors are, however, further behind in the development cycle than offshore 

winds, and expecting them to be in the fleet is highly optimistic. It is important to mention that 

extensive analysis will need to be conducted to check the feasibility of the current transmission 

and distribution systems, operations, and supply chain before carbon-free technologies start 

coming online. It will be extremely difficult to incorporate newer technologies into the grid in a 

relatively short time frame. Costs associated with the technology, and federal and state regulations 

will determine the pace at which this technology is adopted by the utilities.  

 

     Strategy 6 - No new gas generation 

This scenario excludes the addition of coal plants from the generating fleet in the future. Further, 

the coal plants under this scenario will be retired economically rather than at an earliest date. As 

with the previous two scenarios, there is an exception - Roxboro 1 and 2 will be retired at the end 

of 2029, so that offshore wind can be integrated by 2030. This case is highly dependent on 

technology development and federal and state policies. A larger amount of storage will be added 

as compared to all the other cases, so more analysis will need to be conducted to integrate a 

technology which is short-term. The IRP also noted that approximately 1,100 acres of land will be 

required for energy storage technology. offshore wind will also be one of the prominent 

technologies in the mix. Of all the cases, this case will require the highest capital investment. 

Moreover, it will also have the highest cost on customers, due to the implementation of emerging 

renewable energy technologies at a massive scale. 
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Representation of Power Generation Capacity Strategies in the model       

Our model makes different assumptions to represent the changes in capacity that would occur if 

any of the strategies mentioned above are implemented.  For example, in this project we represent 

a strategy were all coal power plants are retired, and the capacity of installed PV solar and energy 

storage is doubled. This strategy is represented by changing the input files of the Unit Commitment 

models, setting the maximum power generation capacity of the coal-fired plants (Peaker and Non-

Peaker plants) to zero. 

 

We run the model assuming a particular strategy is implemented, and a specific weather scenario 

occurs. After the model run is complete, we visualized the outputs, which show the power 

generation of each plant, hour by hour, for a whole year, and interpreted the results. This is 

explained in the Results and Observations section of our report. 

 

     By considering an extreme weather scenario along with a capacity expansion strategy, we were 

better able to shed light on the reliability impacts of different changes to the power generation 

fleet.       

2. Extreme Weather Scenarios 

Extreme Weather in North Carolina 

North Carolina is expected to witness large changes in its climate even if greenhouse gas emissions 

peak in 2050 and decline thereafter. North Carolina Climate Science Report strongly predicts that 

the number of warmer days and warmer nights will continue to increase. Scientists have projected 

increases in temperature, increase in summer absolute humidity, increase in sea level, and 

increases in extreme precipitation with highest level of confidence. Scientists also suggest that 

there will be increases in the intensity of the strongest hurricanes in North Carolina (North 

Carolina Climate Science Report: Report Findings and Executive Summary). It is expected that 

heavy rains from hurricanes will be more frequent and more intense as the weather changes in NC. 

Further, sea level rise will also result in substantial increases in flooding from coastal storms. 

Increase in temperature will also result in severe droughts raising the risk of wildfires (Dello et al.) 

 

Unlike Texas and California, hurricanes, floods, and tropical storms are more frequent in North 

Carolina. In 2012, for instance, Hurricane Sandy extended to North Carolina, and the total 

estimated damage from this storm was approximately $70 billion (Rott, 2021). More recently, in 

2018, Hurricane Florence made a landfall in North Carolina. The estimated damage from this 

hurricane was $24.5 billion (Extreme Weather and Climate Change - Center for Climate Change 

and Energy Solutions, n.d.). “Since 2010, extreme weather events in North Carolina have caused 

at least 22 power outages'' (Extreme Weather Map: Fact Sheet - Environment North Carolina, n.d.). 

https://www.zotero.org/google-docs/?KKHJcQ
https://www.zotero.org/google-docs/?KKHJcQ
https://www.zotero.org/google-docs/?KKHJcQ
https://www.zotero.org/google-docs/?KKHJcQ
https://www.zotero.org/google-docs/?Y7FLKn
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Snowstorms, hurricanes, and tornadoes are the most common types of extreme weather events 

observed in North Carolina. 

 

Impact of extreme weather scenarios on energy systems 

Energy systems are highly vulnerable to the impacts of extreme weather. DEP/DEC’s 2020 IRPs 

have not described the consequences of extreme weather events under different energy mix 

approaches, or the effects of these events on peak demand. Consideration of extreme weather 

events may affect the way in which DEP/DEC plans on retiring their coal plants and may reveal 

the need to invest in storm protection.       

 

In our study, we have considered three extreme weather events: 

- Snowstorm 

- Hurricanes  

- Tornadoes  

Each of these extreme weather events will have different effects on the generation assets and the 

larger electric grid. Snowstorms have the capacity to interrupt power generation, while tornadoes 

and hurricanes largely affect the transmission infrastructure. However, since we are not 

considering transmission in our model, the real impact of tornadoes and hurricanes cannot be 

represented. The generation assumptions are described in Section 3 are based on extreme weather 

events that we have considered. The generator production will decrease depending on the type of 

extreme weather and its severity.  

● Weather Data Collection 

We obtained weather data from American Community Survey from 2010-2014 (usa.com, n.d.). 

We collected information about average number of snow days, tornado index, and average wind 

speed in each of the counties in North Carolina. Using EGRID 2019 generator data, we classified 

the type of power plants in each county in North Carolina. Each county was categorized as high, 

medium or low extreme weather risk based on average snow days, tornado index, and wind speed. 

The counties that fell under the high category would be impacted the most by an extreme weather 

event and would likely have the most damage. Similarly, the counties that fell under the low 

category would be impacted the least by extreme weather and would likely have the least damage. 

This categorization relied on assumptions based on the historical storm data obtained from the 

Winter Storm Database published by NC State University. For example, in case of a snowstorm 

counties in the Smoky mountain region had the highest number of snow days. Thus, we assumed 

that higher number of historical snow days correspond to a higher risk for a severe snow storm as 

compared to regions with fewer snow days. Consequently, each county was similarly categorized 

for the risk and severity of tornadoes and hurricanes.  

 

The following visualizations show which power plants located in certain counties are at higher risk 

for extreme weather. By looking at the following maps, we can find which county has a power 
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plant and what is its fuel type, and the average number of snow days/tornado index/wind speed in 

that county. 

 
Figure 2: Average snow days and power plants by fuel type in North Carolina counties 

 

 
Figure 3: Average snow days and power plants by fuel type in North Carolina counties 
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Figure 4: Average tornado index and power plants by fuel type in North Carolina counties 

 

 

 
Figure 5: Average tornado index and power plants by fuel type in North Carolina counties 
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Figure 6: Average wind speed and power plants by fuel type in North Carolina counties 

 

 

 
Figure 7: Average wind speed and power plants by fuel type in North Carolina counties 
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Model Description and Assumptions 
 

Information on the existing fleet of Duke Energy was gathered from publicly available eGRID 

dataset. This has been published by the Environmental Protection Agency (EPA) and we used the 

2019 version to gather the information. From this dataset, we extracted information about the 

current capacity of the plants, their capacity factor, their fuel type, the county that they are in, and 

their eGRID ID and unit ID. 
 

UC-ED Julia Model  
 

We are using the GRACE project’s Unit Commitment Julia model with publicly available input 

files.  

 

Baseline Model  

 

● Generators/Peaker’s Availability 

Thermal Power Plants: The Air Markets Program Data (AMPD) tool allows users to explore EPA 

data to answer scientific, policy and regulatory questions concerning industry emissions. We used 

the AMPD tool to gather data on the availability of the generators. 2019 was assumed as the 

baseline year because 2020 was a distorted year due to COVID. Furthermore, the baseline 

assumption for 2019 is that no extreme weather event occurred in the Carolinas. If there is an 

extreme weather event, then the availability of the generators will change drastically depending on 

the type of extreme weather and the severity. It is worth noting, that the AMPD provides 

information on the operations of power plants, but it is not a source of data on their availability. 

We can assume that if a power plant is operating, then it is available. However, we cannot assume 

that if the plant is not operating it is unavailable. As described in the assumptions section below, 

a plant may be offline if electricity demand is not high enough to require its energy. 

 

The AMPD dataset comprised of – ORISPL_CODE, UNITID, OP_HOUR, and OP_TIME. The 

ORISPL_CODE in the AMPD dataset corresponded to the plant ID in the eGRID dataset. UNITID 

corresponded to a particular unit within that power plant. The OP_TIME gave us an insight on 

whether the generator was running, not running, ramping up, or ramping down based on the hour 

in that given month. We manually filtered the data based on the ORISPL_CODE to focus on just 

one power plant at any given point. Then, we looked at the OP_Time and copied that column for 

each unit into our business as usual (BAU) generator availability input file. We did the same for 

each code and for each month. 

 

● Generators/Peaker’s Rating  

We have assumed that all plants are available at their 100% nameplate capacity due to lack of 

rating data. 
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Assumptions 

The project is limited to publicly available data and hence the scope is highly limited. The 

following described major assumptions concerning our analysis. 

 

Generator Availability 

It is assumed that all generators are available all the time except certain thermal Peaker units. These 

units correspond to the most expensive and polluting coal plants which are only dispatched when 

other generators are unable to meet the supply.  

 

Generator Rating 

In the baseline model, all the generators have a rating of 100%, meaning their entire name-plate 

power generating capacity is available to provide energy into the system. If the plant was 

operated at full loading during all the hours in the year, its capacity factor would be 1.      
 

Assumptions on Snowstorms 

As mentioned earlier, and as seen in Texas in 2021, snowstorms have the potential to cause massive 

blackouts if they are not taken into consideration when determining the generation reserve targets. 

However, since snowstorms are not common in North and South Carolina, the research of the 

impact of snowstorms on generation in North and South Carolina is limited. Therefore, we made 

assumptions based on the Texas snowstorm’s impact on the grid. We found how much of different 

energy types were impacted there, and we used the same data for our assumptions. According to a 

paper by Busby et al. (2021), we found that the fuel types were reduced by the following 

percentages during the 2021 Texas snowstorm: 

 

1. Natural Gas reduced by 37% 

2. Coal reduced by 43% 

3. Nuclear reduced by 21% 

4.  Solar PV increased by 157% (but for our case we will assume that solar does not 

change) 

5. Wind reduced by 46% 

6. Hydro data Not Available (therefore, we assumed no change) 

 

1. Number of Days Considered for Snowstorms 

 

We made assumptions about the days when a snowstorm will occur during the winter season. In 

North Carolina, it snows the most in January, but it also snows sometimes in December, February, 

and March (Does it Snow in the Carolinas, n.d.). However, in South Carolina, it only snows in 

January. For this project, we assumed that a snowstorm may occur anytime during the months of 

January, February, March, and December. Therefore, the snow days are: 

 

Day 1 to Day 74 (January to March), and Day 334 to Day 365 (December) 
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2. Changing Demand for Snowstorm 

We assumed that the demand will increase by 14% during the snowstorm. We had the same 

assumptions for both, Optimistic as well as Pessimistic scenarios. Further, based on the weather 

data, we found that January is the snowiest month, and the temperatures in mid-January are the 

lowest. Therefore, we assumed that if there is a snowstorm, then it will be between Day 15 and 

Day 22. This seven-day period is when the demand will increase drastically. It should also be noted 

that in an ideal scenario, when the demand increases suddenly due to an unforeseen circumstance, 

it will take time for the demand to get back to its usual level. However, in our model, we are 

considering that the demand will increase for a certain period and will drop to its originally stated 

values instantaneously once the extreme weather event has passed. 

In order to change the demand, we looked at three different input files, titled Data_Demand, 

Data_Demand_Actual, and Data_Demand_Updated. Data_Demand_Actual gives us the actual 

demand data for DEC and DEP. Data_Demand and Data_Demand_Updated are the week ahead 

forecasting files. Data_Demand has the real data available for the first six hours, followed by a 

forecast for the rest 162 hours of the week. Data_Demand_Updated, on the other hand, has real 

data available for the first 17 hours, and the rest of the 151 hours of the week are forecasted. This 

is done each day for 365 days. Hence, we updated all the files for a realistic run. 

Design of Extreme Weather Scenarios 

 

The following tables describes the assumptions for each scenario for snowstorms, tornadoes and 

hurricanes.  
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Snowstorm Optimistic 

An optimistic scenario is defined as the one where there is 6 to 12 inches of snow. It is 

further broken down into high, medium, low based on the average number of snow 

days in each county. 

Generator + Peaking Rating % Reduction Assumptions 
 

High Medium Low 

Natural Gas 37 18 0 

Coal 43 21 0 

Nuclear  21 10 0 

Solar 0 0 0 

Wind 46 23 0 

Demand Assumptions 

Dates Demand Increase (%) 

15-Jan 14 

16-Jan 14 

17-Jan 14 

18-Jan 14 

19-Jan 14 

20-Jan 14 

21-Jan 14 

22-Jan 14 

Table 1: Snowstorm Optimistic Assumptions 
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Snowstorm Pessimistic 

A pessimistic scenario is defined as the one where there is snow of more than 12 inches. 

It is further further broken down into high, medium, low based on the average number 

of snow days in each county. 

Generator + Peaking Rating % Reduction Assumptions  
High Medium Low 

Natural Gas 70 37 18 

Coal 70 43 21 

Nuclear  40 21 10 

Solar 20 0 0 

Wind 70 46 23 

Demand Assumptions 

Dates Demand Increase (%) 

15-Jan 14 

16-Jan 14 

17-Jan 14 

18-Jan 14 

19-Jan 14 

20-Jan 14 

21-Jan 14 

22-Jan 14 

Table 2: Snowstorm Pessimistic Assumptions 
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Hurricane 

North Carolina has 112 rainy days and South Carolina has 103 rainy days, while July 

is the wettest month for both. Therefore, on an average there are 107 rainy days. We 

will assume that Days 121 to 228 will be the rainy days, and during this time there 

will be a possibility of a hurricane. The counties are also broken down based on the 

average wind speed into high, medium, and low risk categories. However, since 

hurricanes do not do a lot of damage to the generation capacity, we are assuming that 

the reduction will only happen in the high risk regions. 

Generator + Peaking Rating % Reduction Assumptions 

Natural Gas 7.8 

Coal 4.4 

Nuclear  7.4 

Solar 0 

Wind 0 

Table 3: Hurricane Assumptions 

 

 

Tornado 

Only 3% of the outages caused by extreme weather are caused by tornadoes (Kenward, 

2021). Further, most of the tornado related outages are due to the damage to the 

transmission lines. Tornadoes do not do a lot of damage to the generation. Further, we are 

assuming that tornadoes can happen anytime between day 60 and day 181. The counties 

are also broken down based on the tornado index into high, medium, and low risk 

categories. However, since tornadoes do not do a lot of damage to the generation capacity, 

we are assuming that the reduction will only happen in the high risk region.  

Generator + Peaking Rating % Reduction Assumptions 

Natural Gas 0.78 

Coal 0.44 

Nuclear  0.74 

Solar 0.00 

Wind 0.00 

Table 4: Tornado Assumptions 
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Capacity Expansion under snowstorm pessimistic 

Generator + Peaking Rating % Reduction Assumptions  
High Medium Low 

Natural Gas 70 37 18 

Coal 70 43 21 

Nuclear  40 21 10 

Solar 20 0 0 

Wind 70 46 23 

Demand Assumptions 

Dates Demand Increase (%) 

15-Jan 14 

16-Jan 14 

17-Jan 14 

18-Jan 14 

19-Jan 14 

20-Jan 14 

21-Jan 14 

22-Jan 14 

Capacity Expansion - Generation Assumptions 

All coal power plants are retired, and the capacity of installed PV and Energy Storage is doubled. 

Table 5: Capacity Expansion under snowstorm pessimistic Assumptions 
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3. Measures of Reliability and Cost 

Reliability 

According to the IRP’s Base Case Study, the installed capacity reserve margin of Duke Energy is 

set at 17% to meet the 0.1 LOLE (one day in 10 years Loss of Load Expectation required by 

NERC). The 17% reserve margin allows Duke Energy to meet not only the summer reserve 

margin, but also the winter target. Although the 0.1 LOLE is believed to provide an adequate level 

of reliability considering the costs of power outages, it does not eliminate the risk altogether. For 

instance, on 1/7/2014, the operating reserves dropped to 0.2%. However, during that time the 

installed capacity reserve margin was 24.8%, which is considerably higher than the current 17% 

reserve margin. 

 

We wanted to test whether the 0.1 LOLE and 17% reserve margins of Duke Energy are enough to 

meet the demand during an extreme weather event. We determined the new generation capacity 

under each scenario run using the output from the Unit Commitment model run. Further, assuming 

a 17% additional marginal reserve we calculated whether supply was able to meet demand. In case 

supply is unable to meet demand, we suggest that Duke Energy incorporates a higher LOLE value 

than 0.1 day/year.  

 

Costs 

In order to calculate the cost of meeting demand under extreme weather scenarios, we need to 

determine the demand deficit first. We obtained this data from the output files by comparing 

demand with supply. Our final costs are comprised of fixed generation costs and variable 

generation costs. The fixed costs constitute startup costs, no load costs and shut down costs for no 

load generators and peakers.  

Results and Observations 

     Results for different extreme weather scenarios 

 

1. Snowstorm (Optimistic Scenario) 
 

Figure 8 shows the total demand and supplies from generators, peakers, solar, and hydro for the 

first 90 days of the year. For this scenario, we assumed that there will be snow in the first 75 days. 

From our results, we find that the demand peaks around January 20 which was expected as we 

assumed that there will be a snowstorm between January 15 and January 22. From Figure 9, we 

find that Nuclear supplied power consistently until day 60, when its output dropped. Coal and 

Natural Gas, on the other hand, had more fluctuations. We also find that coal generated less power 

than natural gas. However, on day 21 and day 63, coal generation was greater than natural gas. 
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Further, coal generation peaked on day 21. On this day, the demand increases significantly. 

Therefore, we find that in order to meet the demand, all the generators are running at their full 

capacity. Figure 10 depicts major fluctuations in solar output during the year when a snowstorm 

occurs. This could be because solar is non-dispatchable and is only run during a certain time of the 

day. Hydro outputs also had peaks and troughs, and peaked twice in during the 90 days. We also 

found that hydro outputs always drop after the peak and it does not remain consistent. We observed 

that the first seven days are when hydro has maximum generation.  

 

We assumed that demand increases by 14% from Day 15 to Day 22. Figure 11 shows us what the 

microscopic view of those seven days where there is a 14% increase in demand. We find that the 

demand increases drastically and peaks on Day 21. The demand then drops after that day.  

 

Figure 12 shows a similar visualization, but for the whole year. From the visualization, we are able 

to see the two peaks in the DEC/DEP region. Further, we are also able to understand how high the 

peak demand is on day 21 as compared to the rest 364 days.  

 

 
Figure 8: Daily Demand and Supply from Baseload Generators, Peakers, Solar, and Hydro on given 

Dates for Optimistic Scenario Snowstorm 
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Figure 9: Sum of Generator Output from Coal, Gas, and Nuclear      in a day for Optimistic Scenario 

Snowstorm 

 
Figure 10: Daily Generator Output from Solar and Hydro in a day for Optimistic Scenario Snowstorm 
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Figure 11: Daily Demand and Supply from Baseload Generators, Peakers, Solar, and Hydro from Day 

15 to Day 22 for Optimistic Scenario Snowstorm 

 

 
Figure 12: Daily Demand and Supply from Baseload Generators, Peakers, Solar, and Hydro for the 

whole year for Optimistic Scenario Snowstorm 
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According to Duke Energy’s IRP, the reserve margin is 17% of the total supply. Table 2 shows 

the total demand and total supply from day 14 till day 23. We found that there is a deficit of 

16,072.9 MW on day 22. This is likely to cause a blackout. From the table we also observed that 

although the demand comes back to normal on day 23 because the snowstorm has subsided, there 

will still be a power outage due to the previous day. It is highly unlikely that during such a severe 

storm the power will be restored in less than a day.  

 

Further, we also found that the supply was high enough on January 21 to meet the highest demand. 

However, even though the demand dropped from January 21 to January 22, the supply also 

dropped considerably. This was the main cause of a power outage on that day. This could be due      

to some generators failing, which results in lower power generation form peakers and baseload 

plants, as well as a reduction in solar power dispatched. Hence, we believe that the reserve margin 

of 17% is low and a larger margin may be required to make the grid more resilient.  

 

 
Table 6: Daily Demand and Total Supply with Reserve Margin along with Surplus or Deficit Power from 

Day 14 till Day 23 for Optimistic Scenario Snowstorm 

 

2. Snowstorm (Pessimistic Scenario) 
 

Snowstorm Pessimistic Scenario has similar patterns compared to snowstorm optimistic scenario. 

Figure 13 shows the total demand and supplies from generators, peakers, solar, and hydro for the 

first 90 days of the year. We assumed that there will be snow in the first 75 days and we found that 

the demand peaks around January 20. We assumed that there will be a snowstorm between January 

15 and January 22, and thus the supply during that period drops. As seen in Figure 14, we found 

that Nuclear supplied power consistently until day 60, when its output dropped. This is similar to 

Nuclear’s output for the previous scenario. We found that Natural Gas also has the same pattern 

as the Optimistic scenario. Coal, on the other hand, had a different output. As Figure 14 shows, we 

found that for pessimistic scenario run, coal generated less power than in the optimistic scenario. 

We also found that coal generation is never exceeding the natural gas generation.  

 

Figure 15 shows that there was no difference in the production between the optimistic and 

pessimistic scenario. Solar, like in the previous scenario, had huge fluctuations, as expected from 

a variable renewable source of energy. Hydro outputs also had peaks and troughs, and peaked 

twice in during the 90 days. We also found that hydro outputs always drop after the peak and it 

does not remain consistent. Further, the first seven days are when hydro had maximum generation.  
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As mentioned earlier, Day 15 to Day 22 is when the demand increases by 14%. Figure 16 shows 

us what the microscopic view of days 15 till 22. We find that the demand increases drastically and 

peaks on Day 21 and then drops after that day.  

 

From figure 17, we are able to see the two peaks in the DEC/DEP region. Further, we are also able 

to understand how high the peak demand is on day 21 as compared to the rest 364 days.  

 
Figure 13: Daily Demand and Supply from baseload Generators, Peakers, Solar, and Hydro on given 

Dates for Pessimistic Scenario Snowstorm 
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Figure 14: Daily Generator Output from Coal, Gas, and Nuclear in a day for Pessimistic Scenario 

Snowstorm 

 

 
Figure 15: Daily Generator Output from Solar and Hydro in a day for Optimistic Scenario Snowstorm 
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Figure 16: Daily Demand and Supply from baseload Generators, Peakers, Solar, and Hydro from Day 15 

to Day 22 for Pessimistic Scenario Snowstorm 

 

 
Figure 17: Daily Demand and Supply from baseload Generators, Peakers, Solar, and Hydro for the 

whole year for Pessimistic Scenario Snowstorm 
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Table 3 shows the total demand and total supply from day 14 till day 23. From the table, we find 

that there is a deficit of 48,236.7 MW on day 22. There is a huge surplus leading up to day 20. 

However, there is a significant drop in total surplus from day 20 (110,932.8 MW) till day 21 

(3,367.5 MW). This is likely to cause a blackout. From the table we also observe that although the 

demand comes back to normal on day 23 because the snowstorm has subsided, there will still be a 

power outage due to the previous day. It is highly unlikely that during such a severe storm the 

power will be restored in less than a day.  

 

Similar to the Optimistic snowstorm Scenario, we found that even though the 17% reserve margin 

is enough to meet the demand, there is an unforeseen drop in the supply on January 22. This is the 

main cause of the power outage on that day. Further, we also observed that during the pessimistic 

scenario this drop in supply was considerably higher compared to the optimistic scenario. There 

was a difference of 32,163.8 MW between the pessimistic and the optimistic scenarios.       

 

 
Table 7: Total Demand and Total Supply with Reserve Margin along with Surplus or Deficit Power from 

Day 14 till Day 23 for Pessimistic Scenario Snowstorm along with New Reserve Margin 

 

3. Tornadoes 
 

Tornadoes seem to have minimal effect on supply and demand, and hence they are similar. Since 

our model does not consider the impact on transmission lines, the real impact of such extreme 

weather events is unknown. Figure 18 shows the total demand and supplies from generators, 

peakers, solar, and hydro from day 60 to day 181. We have assumed that there could be a tornado 

on any of those days, and we found that the demand peaks mid-July. 

 

Figure 19 shows that nuclear power is slowly starting to peak starting day 100. However, there is 

a drop on day 120, but the power increases again and achieves peak on Day 123. Nuclear then 

generated consistently until day 181. We also found that there are huge fluctuations in coal output. 

There are instances where coal output is close to 0. Further, as seen in Figure 20 we found that 

there were huge fluctuations in solar outputs which may be because solar is non-dispatchable and 

is only run during a certain time of the day. Except for one sudden peak in the output, we also 

found that hydro output dropped considerably. This could be due to the summer temperatures and 

low water levels in the reservoirs. Once the reservoir has enough water, the output from hydro 

would increase. 
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Figure 21 shows a visualization for the whole year which show the two peaks in the DEC/DEP 

region. 

 

 

 
Figure 18: Daily Demand and Supply from Generators, Peakers, Solar, and Hydro on given Dates for 

Tornado 
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Figure 19: Daily Generator Output from Coal, Gas, and Nuclear  under a Tornado scenario 

 

 
Figure 20: Daily Generator Output from Solar and Hydro under a Tornado scenario 
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Figure 21: Daily Demand and Supply from Generators, Peakers, Solar, and Hydro for under a 

Tornado scenario 

 

4. Hurricanes 
 

Hurricanes typically impact transmission lines more than the generation assets. Our model is 

limited and doesn’t include transmission constraints. the results for 120 of simulation under a 

hurricane scenario are presented in the appendix and that for a whole year, you expect them to be 

similar to those of the tornado. 

 

Total Generation and Demand 
 

Extreme weather events can be highly costly in the long term if generation assets and transmission 

capacity need to be rebuilt. We obtained the following results for total cost, generation and demand 

in each scenario. 
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Figure 22: Table showing the total generation during each of the extreme weather scenarios 

 

From Figure 22 we found that the snow optimistic scenario had the highest generation. This was 

followed by snow pessimistic and tornado scenarios. Capacity Expansion strategy with snow 

pessimistic scenario had the least generation output.  

 

For snow pessimistic scenario, we drastically reduced generator production, and therefore, the total 

generation was lower than in the snow optimistic scenario. It was surprising to see that the tornado 

scenario also had the same generation as in snow pessimistic scenario. Finally, for the capacity 

expansion strategy with snow pessimistic scenario, we replaced (retired) coal with solar and 

battery storage which resulted in a blackout. Assuming our baseline model, it becomes evident 

from Figure 22 that retiring coal and replacing it with equal amount of solar and battery storage 

would drastically reduce the generator output. 
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Figure 23: Table showing the total demand during each of the extreme weather scenarios 

 

Figure 23 above shows the total demand during each of the extreme weather scenarios. As seen 

above, the demand in snow optimistic and snow pessimistic scenarios are the same based on our 

assumptions. However, in reality, this would not be the case, and hence, this was one of the 

limitations of our project.  

 

The total demand during tornado scenario was slightly lower than the snowstorm scenarios because 

we assumed that a tornado does not affect the demand. It is important to note that there was not a 

large difference between the demand in snowstorms and tornadoes which may not be completely 

accurate.  

 

Finally, the demand for capacity expansion strategy with snowstorm pessimistic was low. There 

was some inconsistency in this output, as during a snowstorm, the temperatures drop drastically 

and more and more people use heaters, which in turn would increase the demand.  
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Costs  

Please note that there was a power outage in our model run in snowstorm and capacity expansion + 

snowstorm scenario runs.  

 

 

Figure 24: Table showing the costs during each of the extreme weather scenarios 

 

Figure 24 above shows the costs during each of the extreme weather scenarios. From the 

visualization we found that the snow optimistic scenario had the highest costs. This was followed 

by tornado and then snow pessimistic scenarios. Capacity Expansion strategy with snow 

pessimistic scenario had the least cost. The cost of power during a snow storm is the most 

expensive. However costs for capacity expansion scenario may be misleading since there was a 

blackout and thus the costs are not accurately calculated.   

 

For snow pessimistic scenario, we drastically reduced generator production, and therefore, the total 

cost was lower than in the snow optimistic scenario. It was surprising to see that the tornado 

scenario also had a higher total cost than the snow pessimistic scenario. This could be because 

during a pessimistic scenario, generators are not running at their full capacity, which thereby 

reduces the variable costs. This is also the reason why snow optimistic has higher costs than snow 

pessimistic scenario. Finally, for the capacity expansion strategy with snow pessimistic scenario, 

we replaced (retiring) coal with solar and battery storage. However, from the above visualization 

it is evident that due to a drastic drop in the generation output (as shown in Figure 22), the costs 

are also lower.  
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Discussion and Limitations 
 

Discussion 
 

From the above results and observations, we find that if demand increased and power generation 

failed as assumed under the snowstorm scenarios then there would be a power outage under the 

Snow Optimistic and Snow Pessimistic Scenarios. The outages would happen on day 21. At 

present, Duke Energy has a 17% reserve margin. This may still be an adequate margin if the rate 

and severity of failure of power generators under this extreme weather event is lower than what 

we assumed in these scenarios. Winterizing and hardening the power generation infrastructure 

will reduce the outages of individual power plants and the overall chances of load shedding. 

There is always a non-zero probability of blackouts which severely impact hospitals and other 

emergency responders. Assuming that transmission systems are able to withstand the challenges 

of extreme weather, substations should be placed in locations that are not susceptible to flooding. 

Moreover, as chances of extreme weather events increase due to climate change, different 

mitigation strategies must be devised to reliably provide everyone with electricity. Broader 

considerations of opportunities for resiliency after establishing reliability are important.       

      
Limitations 
 

Extreme weather events bring with it uncertainties. There were several limitations to our project 

and there is a huge scope for it in the future. Below we have outlined some of the limitations and 

how we believe we can overcome them: 

 

1. Accurate Weather Data and Forecasts 

 

Predicting when an extreme weather event will happen is impossible and can only be forecasted 

within a few days or hours of its occurrence. Our project was limited by the lack of accurate 

weather data. While we tried to gather enough information to support our assumptions about the 

consequences of extreme weather, we only found aggregate data that is too coarse to yield precise 

and accurate results. Given the lack of data we had to make strong assumptions that although useful 

to explore possible scenarios are insufficient to draw conclusive statements. For instance, our 

model considers that there will be a snowstorm between January 15 and January 22. Due to this, 

the demand during those days increases. Predicting these events is impossible even without climate 

change. It is likely that there could be a snowstorm in December or February (just like the 2021 

Texas Snowstorm) - something that our model does not consider. For future work we must look at 

the historical data, incorporate it with climate change data and design many more scenarios that 

consider multiple possibilities regarding the timing and severity of an extreme weather event.  
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2. Adding Transmission Lines to the Model 

 

Our model does not consider the transmission lines. This limited our ability to understand how the 

two extreme weather disasters will affect the grid, because tornadoes and hurricanes affect 

transmission lines more than the supply and demand. Further, since hurricanes and tornadoes are 

highly frequent in North and South Carolina, we must not ignore them.  

 

3. Change in Demand and the Effect of power outages 

 

We increased the demand from January 15 to January 22 by 14%. To do this, we had to make 

changes to our input demand files. The method by which we did this has been explained in the 

Assumptions section for Snowstorms. After January 22, the demand goes back to its original value. 

However, this does not happen in reality. If there is a severe extreme weather event, the demand 

will continue to stay high for a few days even after the event has subsided. This is not considered 

in the model. 

 

Further, through our simulation, we found that there will be a power outage on January 22 as the 

supply will not be able to meet the demand. However, this project fails to consider the actual effect 

of a blackout. Since the demand goes back to its original value the next day, it shows that the 

power is restored and things are back to normal. Our model, therefore, fails to consider the real 

impact of a blackout. We believe that if an extreme weather disaster were to happen for a week, 

the power cannot be restored the next hour, when the day changes. Further, just like the 2021 Texas 

Snowstorm, if the natural gas pipelines freeze, then it will take longer to get the power back up. 

      

4. Future Scenario Runs 

 

For this Master’s Project we only ran the model for the current year. However, Duke Energy 

already has plans to change their energy fleet in the next two decades in their process to achieve 

carbon neutrality goals. Further, due to climate change the frequency and intensity of the extreme 

weather events will increase in the future, and so the model must be run by considering the future 

Duke Energy fleets and demand forecasts along with more frequent and severe extreme weather 

events. Running a sensitivity analysis with multiple different scenario runs including multiple 

capacity strategies and different severity of extreme weather scenarios will provide useful insights 

for planning. 
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5. Cost and Resiliency Considerations 

 

Due to the limitations of our scope we were unable to calculate the costs of investments needed to 

create a more reliable and resilient system. Further, calculating the costs of damage from these 

extreme weather events will be helpful to understand the severity of considering extreme weather 

in certain counties in NC. We found that the 17% reserve margin is reliable, but there was a sudden 

drop in supply from January 21 to January 22, because of which there was a power outage. Hence, 

we believe that this uncertainty must also be considered in the model. 
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Appendix 

Currently, North Carolina has substantial energy resources including wind power and solar. NC 

also has 18 million acres of woodland covering 3/5th biomass production. Additionally, North 

Carolina is one of the leading states in nuclear energy [US EIA]. 

 
 

North Carolina’s renewable energy and efficiency portfolio standard helped increase NC’s clean 

energy capacity drastically. Further, under PURPA, NC has had generous avoided costs contracts 

for utility scale solar developers. NC’s Business and Energy Tax Credits provided 35% state tax 

credit for renewable energy projects which doubled every year since the establishment of the 

Renewable Energy and Efficiency Portfolio Standard.  

 

 

Energy in North Carolina 

 

Duke Energy Carolinas (DEC) and Duke Energy Progress (DEP) are subsidiary public utilities of 

Duke Energy. DEC and DEP provide about 23,200 MW to 2.7 million customers and 13,700MW 

to 1.6 million customers respectively in the service area of North Carolina and South Carolina 

[ IRP DEC/DEP 2020].  
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Figure 1: Service areas covered by DEC/DEP “Duke-Energy-NC-Service-Territories.”  

 

North Carolina’s Clean Energy Plan describes NC’s goal to achieve electric power sector 

greenhouse gas emission reductions by 70% (of 2005 base levels) and reach carbon neutrality by 

2050. Achieving this carbon neutrality goal is highly dependent on implementing clean energy 

policy in addition to new technologies driving cost savings. Furthermore, the Clean Energy Plan 

aims to accelerate clean energy innovation and development, and foster energy affordability and 

price stability for NC’s residents.  
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Figure 2: Duke Energy Progress Current and Future Energy Mix 

 

Hurricane Scenario Results 

 

 
Figure 3: Daily Demand and Supply from Baseload Generators, Peakers, Solar, and Hydro on given 

Dates under a Hurricane scenario 
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Figure 4: Daily Generator Output from Coal, Gas, and Nuclear under a Hurricane scenario  

 

 
Figure 5: Daily Generator Output from Solar and Hydro under a Hurricane scenario 
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Figure 6: Daily Demand and Supply from baseload Generators, Peakers, Solar, and Hydro for the whole 

year under a Hurricane scenario 

 

 

 


