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Executive Summary 

To the Secretary of the U.S. Department of Energy, 

As global temperatures rise due to climate change, the frequency and intensity of heat waves 
have increased, leading to significant risks of public health and infrastructure. Vulnerable 
populations, including low-income households and the elderly, are immensely affected by 
extreme heat events, as they may lack access to air conditioning or live in poorly insulated 
homes. Additionally, increased energy consumption during heat waves burdens power grids, 
increasing the concerns about energy sustainability and solidity. Addressing these issues requires 
a comprehensive understanding of indoor temperature variations, electricity demand, and 
community vulnerability to extreme heat. 

We first developed a mathematical model to predict the indoor temperature of 
non-air-conditioned dwellings during a heat wave over a 24-hour period. We selected Memphis, 
Tennessee, as our case study location. Our model accounts for outdoor weather conditions, 
including temperature, wind speed, and solar radiation, as well as building characteristics such as 
insulation and shading. Utilizing Newton's Law of Cooling and heat balance equations, we 
estimated indoor temperature fluctuations. The model predicts that poorly insulated homes 
experience temperature increases of up to 2°C above peak outdoor temperature, while the 
temperature of a well-insulated home remains constantly 2°C lower than peak outdoor 
temperature. 

Next, we analyzed electricity demand in Memphis during summer months to forecast peak 
energy consumption over the next 20 years. Using historical energy consumption data and an 
exponential growth model, we estimated that peak electricity demand will increase by 
approximately 2.3% by 2045. Our model suggests that increasing adoption of energy-efficient 
appliances and improvements in building insulation could diminish demand growth, while higher 
electric vehicle ownership could intensify it. The results indicate the requirement for 
infrastructure planning to encompass future energy demands and prevent grid failures during 
extreme heat events. 

Finally, we developed a vulnerability score to assess the susceptibility of different neighborhoods 
in Memphis to heat-related risks. Our vulnerability model includes four key factors: median 
household income, percentage of elderly residents, age of housing stock, and reliance on public 
transportation. By normalizing these factors and computing a weighted vulnerability index, we 
identified high-risk areas where targeted interventions, such as cooling centers and energy 
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assistance programs, would be most beneficial. Our analysis highlights that neighborhoods with 
lower incomes and older housing structures exhibit the highest vulnerability to extreme heat. 

We believe these results will assist policymakers in developing effective heat mitigation 
strategies, improving energy resilience, and protecting vulnerable communities from the adverse 
effects of extreme heat. Our findings emphasize the importance of enhancing building insulation, 
promoting energy-efficient technologies, and implementing targeted public health interventions 
to safeguard residents from the growing risks associated with rising temperatures. 
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1. Hot to Go 

1.1 Defining the problem 
The first problem asks us to develop a model to predict the indoor temperature of any 
non-air-conditioned dwelling during a heat wave over 24 hours. We have selected Memphis, 
Tennessee as our city. Our model will utilize weather conditions such as outdoor temperature, 
dewpoints, and wind speed, as well as the house conditions such as dwelling type and number of 
stories to estimate the closest indoor temperature variations within one day (24hrs). 

1.2 Assumptions 
1.2-1 The initial indoor temperature is 25.5 degrees Celsius 

●​ Justification: The MLGW site recommends setting the thermostat to 78 Fahrenheit during 
the summer, so we will assume that the initial temperature is 25.5 Celsius (equivalent to 
78 Fahrenheit). 

1.2-2 The houses 1 and 2 will have a minimum R-value of R-7, while houses 3 and 4 will have 
the moderate R-value of R-20. 

●​ Justification: Tennessee is located in the Climate zone 3, which requires a minimum 
insulation R-value of R-20. However, the houses built during the 1950s-60s do not have 
high insulation capability. Therefore, based on the minimum R-value according to the 
Climate zone and the year of structures built, the R-value of House 1 and 2 will be R-7 
and R-20 for House 3 and 4. 

1.2-3 Windows are closed throughout the day. 
●​ Justification: This assumption is made to simplify the problem, as accounting for varying 

airflow through open windows would introduce additional complexity to the heat transfer 
calculations. 

1.2-4 The thermal capacity of the house is only dependent on the volume of the air trapped inside 
the house 

●​ Justification: The indoor temperature is primarily affected by the air volume inside the 
house. While the insulation and heat capacity of the walls can influence temperature 
changes, they are accounted for separately using the insulation factor. This assumption 
simplifies the heat transfer calculations by focusing on air volume as the primary 
heat-retaining medium. 

1.2-5 Dew point does not affect the actual change of temperature. 
●​ Justification: The outdoor dew point measures moisture content in the air but does not 

directly alter the indoor temperature. While the dew point may alter the rate of heat 
transfer, it is negligible as its variations are very small.  
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1.2-6 The thermal coefficient of the air is 28W/m^2 
●​ Justification: According to the thermal coefficient of the air in 30 degrees Celsius (which 

is the temperature most of the heat exchange takes place) is 28W/m^2. 
1.2-7 The temperature inside the house follows temperature balance equation consisting of heat 
from solar radiation, heat transfer through the walls, and Heat gain from the appliances 

●​ Justification: The indoor temperature is determined by three major sources: heat gain 
from solar radiation, heat transfer through the walls, and internal heat generation from 
appliances and human activities. The model accounts for these factors to create a 
comprehensive heat balance equation. 

1.2-8 Heat transfer through the walls directly follows Newton’s Law of Cooling. 
●​ Justification: Newton’s Law of Cooling provides a reliable model for heat exchange 

through walls by describing the rate of heat loss or gain between the indoor and outdoor 
environments. This simplifies the estimation of temperature changes due to heat 
conduction. 

1.2-9 The height of the house is 3m. 
●​ Justification: A standard residential house typically has a ceiling height of around 3 

meters (9ft). This assumption ensures consistency in calculating the volume of air inside 
the house, which affects thermal capacity and heat retention. 

1.2-10 Individual human activities and appliances emit 150W of heat. 
●​ Justification: The average metabolic heat output of a resting human is approximately 

80W, while household appliances contribute additional heat of around 70W. A total 
assumption of 105W accounts for combined heat emissions from occupants and 
household devices. 

1.2-11 Heat gain from solar radiation directly follows NASA’s solar radiation chart. 
●​ Justification: Solar radiation is a major factor influencing indoor temperature changes. To 

ensure accuracy, the heat gain from sunlight is modeled using NASA’s solar radiation 
data, which provides reliable estimates of solar energy absorption based on geographic 
location and time of day. 

1.2-12 The proportional factor of  in  is 0.1. 𝑝  𝑈(𝑡) =  𝑤 * 𝑝 +  𝑘

●​ Justification: The coefficient 0.1 is based on empirical studies showing that the 
convective heat transfer coefficient increases by approximately 0.1–0.2  per m/s of 𝐽/℃
wind speed. This value provides a reasonable approximation for moderate wind speeds. It 
aligns with experimental data on forced convection over buildings and is consistent with 
ASHRAE guidelines for heat transfer modeling. 

1.2-13 Temperature increase on the 15th floor is modeled as 1 degree higher than the base 
temperature. 

●​ Justification: Higher floors experience greater solar radiation due to reduced shading, 
leading to increased heat gain. Additionally, heat accumulates more on upper floors due 
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to reduced contact with cooler surfaces, making temperature regulation less effective and 
justifying the 1-degree increase. 

1.3 The Model 

1.3-1 Model Development 
 
Using temperature balance equation, we get that: 
 

 
𝑑𝑇

𝑖𝑛

𝑑𝑡 =  
𝑄

𝑠𝑜𝑙𝑎𝑟
+𝑄

𝑎𝑝𝑝
+𝑄

𝑤𝑎𝑙𝑙

𝐶

Symbol Definition Units 

 𝑇
𝑖𝑛

Indoor temperature  ℃

 𝑄
𝑠𝑜𝑙𝑎𝑟

Heat gain from solar radiation  𝐽

 𝑄
𝑎𝑝𝑝

Heat gain from appliances and human activities 
(200 per person) 

 𝐽

 𝑄
𝑤𝑎𝑙𝑙

Heat transfer through walls   𝐽

 𝐶 Thermal capacity of the building  𝐽/℃

 
 𝐶 =  𝑀 * 𝑆𝑝

ℎ𝑒𝑎𝑡

 

Symbol Definition Units 

  𝑀 Mass g 

 𝑆𝑝
ℎ𝑒𝑎𝑡

Specific heat of the air (1.005)  𝐽/𝑔℃

 
  𝑀 =  ρ𝑉

 

Symbol Definition Units 
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 ρ Density of the air (1225.0)  𝑔/𝑚3

 𝑉 Volume (Surface Area*height = 3* Surface Area)  𝑚3

 
Thus, we get that 

 𝐶 =  3 · 𝐴 · 1225. 0 · 1. 005
 𝐶 =  3693. 375𝐴

 
Using Newton’s law of cooling, we get that: 
 

  𝑄
𝑤𝑎𝑙𝑙

 =  (𝑇
𝑜𝑢𝑡

− 𝑇
𝑖𝑛

) ·  𝑈(𝑡)

Where the variables are  
 

Symbol Definition Units 

 𝑇
𝑜𝑢𝑡

outside temperature  ℃

 𝑇
𝑖𝑛

inside temperature  ℃

U(t) Actual coefficient of thermal transfer  𝐽/℃

 
We then calculate the actual coefficient of thermal transfer through the equation 

 𝑈(𝑡) = (1 − 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟)( 𝑤 * 𝑝 +  𝑘)
 

Symbol Definition Units 

w Wind Speed  𝑚/𝑠

k Coefficient of thermal transfer (28)  𝐽/℃

p Proportional factor for convective heat transfer due to wind 
(0.1) 

 𝐽𝑠/𝑚℃

Insulation 
factor 
(R-value) 

given through the R score of the material of the house N/a 

 
The equation that is used in the actual simulation is: 
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  𝑑𝑇
𝑑𝑡 = (𝑊(𝑡) + 𝑈(𝑡) · (𝑇

𝑜𝑢𝑡
(𝑡 − 1) −  𝑇

𝑖𝑛
(𝑡 − 1)) + 𝑄)/𝐶

 

Symbol Definition Units 

 𝑊(𝑡) Heat gain from solar radiation ( ) through the wall  𝑄
𝑠𝑜𝑙𝑎𝑟

 𝐽

 𝑄 Sum of heat gain from appliances and humans inside the 
house. 

 𝐽

 𝐶 Thermal capacity of the building  ) 𝐽/℃

U(t) Actual coefficient of thermal transfer  𝐽/℃

 𝑇
𝑜𝑢𝑡

(𝑡) Outside temperature of the house  ℃

 
 is calculated by: 𝑊(𝑡)

 =  where Temperature is in Kelvin instead of Celsius 𝑊(𝑡) εσ𝐴(𝑇4
𝑖𝑛𝑠𝑖𝑑𝑒

− 𝑇4
𝑜𝑢𝑡𝑠𝑖𝑑𝑒

)

 

Symbol Definition Units 

 ε Emissivity of the wall surface  N/a 

 σ Stefan-Boltzmann constant  5. 670 · 10−8 𝑊/𝑚2 · 𝐾4  𝑊/𝑚2 · 𝐾4

 𝐴 Surface Area  𝑚2

 

1.3-2 Model Execution 

Because the outside temperature and wind speed are given in discrete intervals, we sum  𝑑𝑇
𝑑𝑡

throughout 24 hours in order to get the change of temperature over 24 hours. 
 
We will have to estimate the proportion not covered by the shade 

●​ If the house is not at all shady, multiply by 1.  
●​ If the house is very shady, multiply by 0.1 because some light will still go through. 
●​ If the house is not very shady, multiply by 0.7. 

The code will be provided in the appendix. 
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1.4 Results 
We find tables and graphs for each house in Memphis, Tennessee, as follows using Python: 

 
                                                            
 
 
 
 
 
 
 
 
                 
 
 
 
 
                   
 
 
 

Figure 1 (House 1)                                                 Figure 2 (House 2) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 (House 3)                                                 Figure 4 (House 4) 
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​​ 
Red: House 1; Green: House 2; Blue: House 3; Orange: House 4; Black: Outside Temperature  
 

1.5 Discussion 

The model effectively predicts indoor temperature in non-air conditioned dwelling in Memphis, 
Tennessee during a heat wave by considering insulation value, shading, wind speed, and solar 
exposure. We have excluded the Dew point since it does not affect the temperature itself. The 
result illustrates that shading significantly reduced the temperature increases, sometimes even 
more than insulation. Dwellings with a higher insulation value of R-20 heat up slower but houses 
with more shade (0.1 factor) remain cooler regardless of insulation. Although there are some 
internal factors affecting the elevation of heat, external heat gain is the factor that dominantly 
influences the temperature. This finding emphasizes that shading and insulation, as well as other 
environmental and structural factors collectively influenced the indoor temperature of houses.  

1.6 Sensitivity Analysis 

To evaluate the robustness of our model, we conducted a sensitivity analysis on key parameters: 

The initial indoor temperature was varied from 24°C to 27°C. The results showed that within 24 
hours, the temperature trend remained consistent, with an average variation of ±1°C from the 
baseline assumption. Houses with R-7 insulation exhibited up to a 3°C greater temperature 
increase than those with R-20, emphasizing the importance of insulation in thermal regulation. 
Wind speeds ranging from 1 m/s to 5 m/s showed a temperature difference of approximately 1°C, 
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confirming the impact of convective cooling. The model was highly sensitive to shading factors, 
as fully exposed houses (shading factor 1.0) experienced a temperature rise up to 3°C higher than 
heavily shaded homes (shading factor 0.1). Increasing internal heat sources by 50W per person 
and appliance raised the predicted temperature by approximately 0.3–0.5°C, indicating a minor 
but noticeable effect. 

This sensitivity analysis suggests that insulation and solar exposure have the most significant 
impact on indoor temperature changes, while initial temperature and internal heat sources have a 
relatively smaller influence. 

1.7 Strength and Weakness 

The model effectively captures key heat transfer mechanisms, including solar radiation, heat 
conduction, and internal heat generation. It provides a practical framework for estimating indoor 
temperature in non-air-conditioned houses. The use of empirical coefficients and established 
physics-based equations ensures reliability. The model is adaptable and can be used for different 
geographic locations by adjusting input parameters. 

However, the model assumes that windows remain closed, excluding potential ventilation effects. 
The analysis is limited to the hottest summer day and does not consider daily variations in 
weather conditions. It simplifies wall thermal inertia and does not account for heat storage and 
delayed heat release from structural elements. The assumption that heat transfer follows 
Newton’s Law of Cooling may oversimplify real-world heat exchange dynamics, especially in 
highly insulated buildings. The impact of humidity and latent heat effects are ignored, which 
may affect the accuracy in high-humidity conditions. Additionally, the model does not take into 
account the height of the houses, which can influence the volume of air inside and the overall 
thermal capacity. 

Despite these limitations, the model provides a strong foundation for predicting indoor 
temperatures during heatwaves, offering insights into passive cooling strategies and the 
importance of insulation and shading in mitigating extreme heat exposure. 

2. Power Hungry 

2.1 Defining the Problem 

The second problem requires us to develop a model which can predict the peak demand that 
Memphis’ power grid should be prepared to handle during summer months. Additionally, we 
must forecast changes in maximum demand 20 years from now. This involves analyzing 
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historical energy consumption, regional consumption trends, and national averages to establish a 
predictive model. 

2.2 Assumptions 

2.2-1 There is an exponential growth relationship in electricity consumption during summer 
annually. 

●​ Justification: We assume that peak power demand follows an exponential growth model, 
as energy consumption tends to increase at a compounding rate rather than a linear rate 
due to population growth, increased energy usage, and evolving lifestyle demands. 

2.2-2 Data of electricity consumption from 2012 to 2024 is sufficient to predict the peak power 
demand of 2045. 

●​ Justification: A 12-year dataset provides sufficient historical trends and patterns for 
modeling. While longer time frames could offer additional insights, they may also 
introduce outdated or irrelevant data due to changes in energy policies, technologies, and 
climate conditions. 

2.2-3 Peak electricity demand occurs during summer. 

●​ Justification: Higher temperatures increase air conditioning usage, leading to peak energy 
consumption. Memphis experiences the highest power demand in summer due to 
prolonged heat waves and increased cooling needs. 

2.2-4 Electricity demand can be solely predicted from the data of summer electricity 
consumption in Memphis. 

●​ Justification: Summer data captures the most significant variations in energy 
consumption. While industrial and commercial demand may influence trends, residential 
consumption is a primary driver of peak demand. External factors such as new electrical 
technologies and the effects of global warming are excluded from this model due to 
uncertainty. 

2.2-5 Residential electricity consumption is a reliable indicator of overall electricity demand. 

●​ Justification: Residential power usage accounts for a substantial proportion of total 
electricity demand. By focusing on residential data, we capture the general trend while 
simplifying the model by excluding commercial and industrial variations. 
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2.2-6 The electricity demand trend is constantly affected by external factors, but significant 
changes in these factors are uncertain and thus excluded from this model. 

●​ Justification: Electricity usage is influenced by gradual optimization of appliances and 
machines, global warming, increasing electric vehicle (EV) usage, and energy efficiency 
improvements. These factors contribute to shifts in demand patterns. However, predicting 
significant changes in any of these variables over a 20-year period is highly uncertain. 
Therefore, this model assumes a continuation of current trends without attempting to 
account for sudden shifts in efficiency advancements, drastic regulatory interventions, or 
unexpected technological breakthroughs. 

2.2-7 Extreme weather events and abrupt policy changes are not considered in this model. 

●​ Justification: Hurricanes, natural disasters, and sudden changes in energy policies can 
significantly impact electricity demand, but their occurrence and impact are 
unpredictable. Including such factors would introduce considerable uncertainty, making 
long-term forecasting unreliable. Therefore, this model assumes stable conditions without 
accounting for major disruptions caused by unforeseen environmental or regulatory 
events. 

2.2-8 The model will take into account all data points in the 12-year period to reduce bias. 

●​ Justification: By incorporating the full dataset, we ensure a more balanced and reliable 
analysis of electricity demand trends. This approach minimizes biases that could arise 
from selecting only specific years and helps capture the impact of external factors, even if 
they fluctuate year by year. The variations in demand due to outside factors may also 
provide insights into the general trend of these influences, allowing for a more 
comprehensive understanding of long-term energy consumption patterns. 

2.3 The Model 

2.3-1 Model Development 

Year Electricity Consumption of Memphis during the Summer period (kWh) 

2011 21,128 

2012 21,322 

2013 21,326 

2014 20,998 
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2015 20,220 

2016 21,355 

2017 20,901 

2018 21,349 

2019 21,404 

2020 21,397 

2021 21,401 

2022 21,567 

2023 20,904 

2024 20,941 

2.3-2 Model execution 

The model predicted the peak energy demand of Memphis after 20 years from the present.  

Using an online curve-fitting tool, we get that  

 𝑓(𝑥) =  7973. 2112 · 1. 000484𝑥

With the base ,  𝑒 𝑓(𝑥) = 7973. 2112 · 𝑒0.000483767𝑥

At  ,   21442.83737 𝑥 = 2045 𝑓(2045) =

2.4 Discussion 

Our model predicts that Memphis' peak electricity demand will continue rising over the next 20 
years due to increasing temperatures and electrification. The exponential growth model estimates 
peak demand in 2045 at 21,442.8 GWh, a 2.3% increase from current levels. The inherent 
variability in the human consumption of electricity due to the fact that it is influenced by many 
unpredictable external factors, the coefficient of correlation is low. However, this model exhibits 
the broader general trend of the consumption of electricity over the years.   

While Memphis' projected demand aligns with national trends, factors such as climate change, 
EV adoption, and energy efficiency improvements could impact our estimates. If EV ownership 

 

 

 



Team #18375                                                                                                                Page 15 of 24                         

grows 10% annually, demand could rise 6–8% higher. Conversely, 30% household adoption of 
energy-efficient appliances could reduce demand by 4%. 

2.5 Sensitivity Analysis 

To assess model robustness, we introduced variations in key factors. A 5% fluctuation in annual 
electricity consumption resulted in a 1.2% deviation in long-term projections. Extreme climate 
conditions could push peak demand 8–12% higher, while stronger policy interventions or 
efficiency measures could reduce growth to below 5%. 

2.6 Strengths & Weaknesses 

The model has several strengths, including its use of real-world data for reliable trend 
forecasting, consideration of electrification and climate change, and insights for policymakers 
regarding demand mitigation strategies. Additionally, the exponential model is realistic for most 
scenarios as it does not approach infinity.  

However, there are limitations. The model assumes stable infrastructure growth and does not 
account for extreme disruptions. It has a limited ability to predict regulatory changes or 
unexpected energy trends, and its projections could be affected by unforeseen factors such as 
technological breakthroughs or economic shifts, potentially leading to overestimation or 
underestimation. 

3. Beat the Heat 

3.1 Defining the Problem 

The third problem asked us to develop a vulnerability score for various neighborhoods within 
Memphis, Tennessee to help them equitably allocate resources for minimizing the effects of a 
heat wave or a power grid failure. We have conducted our vulnerability score equation to 
measure the vulnerability score of each value, through the normalization of the data provided. 

3.2 Assumptions 
3.2-1 There will be three evaluation values for measuring Vulnerability score 

●​ Justification: We are using 4 values, including the media on household income, 
households with 65+ population, the Age of the house, and the frequency of use of 
transportation, which all can help to measure the vulnerability of people's lives.  
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3.2-2 We are assuming that the age and house income will affect the vulnerability more 
significantly compared to the other factors such as the age of buildings and the use of 
transportation.  

●​ Justification: There are more confounding variables in the age of building and the use of 
transportation, which might not be the contribution to vulnerability. However, the 
household income and age are closely connected to the vulnerability compared to the 
prior 2 values.  

3.3 The Model  

3.3-1 Model Development 
There are 4 factors that mainly contribute to the vulnerability of houses: 
Income, which may contribute to one’s usage of HVAC; Age, which increases individuals’ 
vulnerability to heat wave-induced effects, Age of buildings, and the use of transportation. 
 
The Equation for Vulnerability Score we came up with is: 

 𝑉𝑆 = 0. 275(𝑖𝑛𝑐𝑜𝑚𝑒) + 0. 275(𝑒𝑙𝑑𝑒𝑟𝑙𝑦) + 0. 225(𝐴𝑔𝑒 𝑜𝑓 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔) + 0. 225(𝑃𝑢𝑏𝑙𝑖𝑐)

In order to unify the value of different factors, we normalized the scale and made all the values 
fit in between the range of 0 to 1.  

Equation for Normalization 

●​ Median Household Income 

    𝑃'
𝑖𝑛𝑐𝑜𝑚𝑒

=
𝑃

𝑚𝑎𝑥
−𝑃

𝑖𝑛𝑐𝑜𝑚𝑒

𝑃
𝑚𝑎𝑥

−𝑃
𝑚𝑖𝑛

●​ Households with one or more people 65+ years old 

 𝑃'
𝑒𝑙𝑑𝑒𝑟𝑙𝑦

=
𝑃

𝑒𝑙𝑑𝑒𝑟𝑙𝑦
−𝑃

𝑚𝑖𝑛

𝑃
𝑚𝑎𝑥

−𝑃
𝑚𝑖𝑛

●​ Primary mode of transportation to work by driving 

 𝑃'
𝑑𝑟𝑖𝑣𝑖𝑛𝑔

=
𝑃

𝑚𝑎𝑥
−𝑃

𝑑𝑟𝑖𝑣𝑖𝑛𝑔

𝑃
𝑚𝑎𝑥

−𝑃
𝑚𝑖𝑛
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3.4 Results 

By inputting all the values, we get the normalized data between the scale of 0 to 1. Once we plug 
in the values to the VS equation, it gives the final vulnerability score for each neighborhood.  

 

 

The result of the vulnerability score demonstrated by QGIS (dark represents lower ranking and gets lighter as the 
ranking increases) 
 

 

 

https://docs.google.com/spreadsheets/d/1WddfdoTpiEGyIGLiVhyAO5oT32V-zoLmjocd25xJ3iM/edit?usp=sharing
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3.4-1 Proposal of vulnerability score to management 

We propose that using the vulnerability score, while there is a predicted heat stroke, the city of 
Memphis deploys first responders and establishes emergency stations to prepare for the impact of 
the heat wave. We also encourage the use of the developing technologies to aid first-response, 
such as UAS systems using drone deployment, or thermal imaging cameras to identify 
individuals at risk and monitor high-temperature zones in real time. 

3.5 Discussion 
Our Vulnerability score Equation (VS) has provided a score of vulnerability for each distinct 
neighborhood in Memphis, Tennessee. The factors that we chose to include in our vulnerability 
score function were the median of housing income, the number of households with one or more 
65+ year old elderly, the age of the building, with the standard of built before 1950, and the 
frequency of using transportation. The reason why we chose these factors as the primary values 
to measure the vulnerability was because we prioritized the significance of the value affecting 
the vulnerability of people’s lives.  
After extracting all the results values of vulnerability score, we have listed all the neighborhoods 
listed on the data sheet and ranked them from the least vulnerability score to the highest to 
clearly find out the regions with the most vulnerability and the least vulnerability.  

3.6 Strengths and Weaknesses 

The primary strength of our model is that it incorporates socioeconomic and infrastructure 
factors, which are strong indicators of vulnerability during a heatwave or power outage. The 
normalization of values allows for fair comparisons by unifying different scales across various 
factors. Additionally, the vulnerability score equation is adaptable and can be modified by 
adjusting key factors and their weights to fit different situations. 

However, the reliance on selected key factors also presents limitations. The equation does not 
account for other important risk factors, such as climate-related variables and additional 
infrastructure considerations. Additionally, the transportation factor may not strongly influence 
vulnerability in all neighborhoods, as its impact depends on local driving rates and commuting 
patterns. 

4. Conclusion 
We examined the problem of heat wave increase due to the rise of temperature and global 
warming, finding insights into residential temperature trends and energy demands to help build 
emergency plans and social services for the residents in Memphis, Tennessee.  
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We have first developed the model to predict the indoor temperature of non-air conditioned 
dwellings during the heatwave over 24 hours. We have considered data such as the outdoor 
temperature and wind speed to estimate the change in indoor temperature and examine the risk of 
high heat waves.  
After, while developing a second model for predicting the peak demand of Memphis’ power grid 
during the summer period, we used the exponential model to demonstrate.  Memphis' electricity 
demand is projected to increase over the next 20 years, with the development of data centers, 
manufacturing, and electric vehicles. However, the data prediction demonstrates that there are no 
significant changes in the electricity consumption, and thus the power peak after 20 years will be 
about the same as present years with a slight increase.  
Finally, we examined the vulnerability score of each neighborhood within Memphis and ranked 
them in order of the score calculated by the question created by us.  
In summary, our findings and new models suggest that temperature trends and energy demand of 
our future will eventually affect the lives of residents, but not as fast as we predicted. However, 
since we cannot predict and calculate other confounding variables that might affect these results 
during the rapid development of society, the preparation is required by utilizing these prediction 
models.  
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Question 1 Coding 
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This code sets up an initial condition for the problem 

 

Coding for House 1 

 

 

 

 

Coding for House 2 
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Coding for House 3 

 

Coding for House 4 

 

 

 



Team #18375                                                                                                                Page 24 of 24                         

 

 

 

 

 


	 ​​ 
	 
	 
	 
	1. Hot to Go 
	1.1 Defining the problem 
	1.2 Assumptions 
	1.3 The Model 
	1.3-1 Model Development 
	1.3-2 Model Execution 

	1.4 Results 
	1.5 Discussion 
	1.6 Sensitivity Analysis 
	1.7 Strength and Weakness 

	2. Power Hungry 
	2.1 Defining the Problem 
	2.2 Assumptions 
	2.3 The Model 
	2.3-1 Model Development 
	2.3-2 Model execution 

	2.4 Discussion 
	2.5 Sensitivity Analysis 
	2.6 Strengths & Weaknesses 

	3. Beat the Heat 
	3.1 Defining the Problem 
	3.2 Assumptions 
	3.3 The Model  
	3.3-1 Model Development 

	3.4 Results 
	3.5 Discussion 
	3.6 Strengths and Weaknesses 

	4. Conclusion 
	5. References 
	Appendix 

