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Abstract: 

Retail residential electricity prices have increased at a rate greater than general inflation since 2022. The 

EIA forecasts that retail electricity prices will continue to rise until at least 2026. The objective of this 

study is to examine the primary factors causing the increase in residential energy costs: aging grid 

infrastructure, the rapidly increasing amount of electricity being demanded by data centers and artificial 

intelligence workloads, extreme weather caused by climate change, price volatility of natural gas due to 

increasing amounts of LNG being exported, and changing federal energy policy. Additionally, this study 

will evaluate how various smart home technologies can be used by consumers to mitigate the effects of 

increasing residential energy costs: real-time energy monitoring, smart thermostats, intelligent lighting 

systems, ENERGY STAR certified appliances, and PoE. Based on the data obtained from the EIA, IEA, 

ACEEE, and the CTA, this study shows that smart home technologies can provide residential energy 

savings of 10-30%. Therefore, smart home technologies can serve as a practical and scalable means for 

providing relief to a residential energy market where costs are becoming increasingly expensive. The final 

section of this study includes policy and technological recommendations for stakeholders who wish to 

promote both the modernization of the grid and the affordability of electricity for consumers. 

 

Keywords: residential electricity prices, smart home energy management, aging grid infrastructure, data 
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I. INTRODUCTION 

American homeowners may be experiencing an increase in their utility bills over the past several years. 

They are correct. According to the Bureau of Labor Statistics Consumer Price Index (CPI) data, electricity 

prices rose 5.1 percent between September 2024 and September 2025, almost twice the 3.0 percent 

inflation rate experienced for goods and services over the same time period. The U.S. Energy Information 

Administration (EIA) agrees that retail electricity prices have risen more quickly than the inflation rate 

since 2022 and forecasts that this trend will continue through at least 2026. The Electric Power Research 

Institute’s Energy Wallet estimates that the average household in the United States spent approximately 

$1,850 per year on electricity in 2024, an average that has grown by approximately 30 percent over the 

last ten years.[1][2] 

 

The causes of the increases in electricity prices are not singular, but rather the result of a convergence of 

structural, market, and policy factors: the nation’s aging grid infrastructure is in dire need of replacement; 

data centers fueled by the artificial intelligence boom are placing unprecedented new demands on the grid; 

extreme weather events are both damaging the grid and increasing cooling and heating loads; natural gas, 

the fuel behind 42 percent of U.S. electricity generation is facing new price pressures from surging LNG 

exports; and federal policies are altering the financial incentives for deploying clean energy 

resources.[3][4][5] 
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In addition, a growing body of research indicates that smart home technologies can empower consumers 

to reduce their electricity usage by 10 – 30 percent using intelligent automation, real-time feedback, and 

energy-efficient appliances. This paper conducts a comprehensive review of the five primary drivers of 

the rapid escalation of residential energy costs and assesses the technical and economic potential of smart 

home technologies as a consumer side mitigation strategy.[6][7] 

 

Section II of this paper provides a detailed examination of each of the five primary drivers of the escalation 

of residential energy costs. Section III evaluates the technical and economic potential of smart home 

technologies as a consumer side mitigation strategy. Section IV addresses the role of Power over Ethernet 

(PoE) as an enabler of smart home technologies. Finally, Section V presents the conclusions of this study 

and recommendations for stakeholders looking to balance the modernization of the grid with the 

affordability of electricity for consumers. 

 

II. DRIVERS OF RISING RESIDENTIAL ELECTRICITY COSTS 

A. Aging Grid Infrastructure 

The U.S. electric grid, consisting of three main interconnections delivering electricity to hundreds of 

millions of customers, is at a crossroads. A great deal of the nation’s transmission and distribution 

infrastructure was built 50 to 75 years ago and is functioning far longer than designed. In fact, according 

to a detailed evaluation of the aging of grid components, nearly 70 percent of the nation’s power 

transformers are over 25 years old, and about 40 percent of transformers have exceeded their rated 

operational life. The American Society of Civil Engineers (ASCE) awarded U.S. energy infrastructure a 

grade of C-minus in its latest Infrastructure Report Card, emphasizing the urgency for substantial capital 

expenditures.[4][8] 

 

The consequences of deferring maintenance and aging equipment appear throughout the energy system. 

Frequent power outages, estimated to cost the U.S. economy anywhere from $28 billion to $169 billion 

annually, are exacerbated by aging transmission lines and substations that are susceptible to cascading 

failures. Weather-related events like  hurricanes, wildfires, and winter storms cause widespread blackouts 

precisely because outdated systems are unable to resist the stresses of today’s environment. The 

Department of Energy estimates that full-scale modernization of the grid will require hundreds of billions 

of dollars over the next twenty years, and much of these costs will be passed along to ratepayers in the 

form of increased electricity prices.[9][8][4] 

 

Table I: Aging Grid Components in the U.S. Electrical Infrastructure 

Component Average Age Key Risk 

Transmission Lines 40–70 years Reduced load-carrying 

capacity, fire hazard 

Power Transformers ~70% over 25 years Vulnerable to failure, 

cascading outages 

Substations 40–60 years Equipment failure, 

cybersecurity 

vulnerabilities 

Distribution Systems 30–50 years Energy losses, inefficiency 

*Source: Compiled from *[8][4] 
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B. Surging Demand from Data Centers and AI Workloads 

Data centers, especially those supporting artificial intelligence and cloud computing, have become among 

the fastest-growing sources of electricity demand in the U.S. U.S. data centers consumed approximately 

183 terawatt-hours (TWh) of electricity in 2024, more than 4 percent of the nation’s total electricity 

consumption which is roughly equivalent to the annual electricity demand of Pakistan. The Lawrence 

Berkeley National Laboratory estimates that data center electricity demand grew from 76 TWh in 2018 

(1.9 percent of national consumption) to 176 TWh in 2023 (4.4 percent), and could reach 325 – 580 TWh 

by 2028, representing 6.7 – 12.0 percent of national electricity consumption.[10][3] 

 

Globally, the International Energy Agency (IEA) projected in its Electricity 2024 report that electricity 

consumption from data centers, AI, and the cryptocurrency sector could double from an estimated 460 

TWh in 2022 to more than 1,000 TWh by 2026, a level roughly equivalent to the annual electricity 

consumption of Japan. AI-optimized hyperscale data centers are a particular concern; their advanced 

server chips consume two to four times more energy than traditional servers.[11][3] 

 

The geographic clustering of data center growth amplifies regional price impacts. In the West South 

Central region (Texas, Oklahoma, Louisiana, and Arkansas), the EIA forecasts electricity sales to grow 

4.4 percent in 2025 and 9.2 percent in 2026 which is largely due to data center and cryptocurrency mining 

facilities. Collectively, these states alone are forecast to account for 34 percent of the growth in U.S. 

electricity sales in 2025 and 66 percent in 2026.[12] 

 

Figure 1.1: U.S. Data Center Electricity Consumption Growth (TWh) 

Year Consumption (TWh) Share of U.S. Total 

2018 76 1.9% 

2023 176 4.4% 

2024 183 ~4.4% 

2028 (Projected Range) 325–580 6.7–12.0% 

*Source: Lawrence Berkeley National Laboratory via; IEA via *[3][10] 

 

C. Climate Change and Extreme Weather 

Extreme weather events are becoming more frequent and intense, causing direct costs to the electrical 

systems which are then charged to consumers. In California, Wildfires are among the biggest contributors 

to rate increases due to wildfire related costs. The California Public Utilities Commission (CPUC) allowed 

the three largest Investor Owned Utility (IOU) companies, Pacific Gas & Electric (PG&E), Southern 

California Edison (SCE), and San Diego Gas & Electric (SDG&E) to recover $27 Billion in wildfire 

mitigation costs between 2019-2023. PG&E alone incurred over $3 billion in wildfire related costs in 

2023, accounting for over 20% of PG&E’s total revenue requirement, a number that was less than 1% 

($100 million) in 2019 [13]. 

 

The investment in wildfire mitigation encompasses undergrounding power lines (which can cost $2-$6 

Million per Mile), Vegetation Management, Storm Hardening, Emergency Response – and ultimately 

these investments will be passed along to consumers via their rates. A 2020 Study published in Energy 

estimated that climate-change-related infrastructure expenditures for US electricity transmission and 

distribution could rise as high as 25% annually by the end of the century under certain adaptation scenarios. 

The experience of California illustrates the larger national trend – as climate risk increases so too will the 

costs of grid resiliency, and it will be consumers who bear a large portion of this financial burden [14][13]. 
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D. Volatility in Natural Gas Prices 

Approximately 42% of the United States' electricity is generated using natural gas, and therefore the 

electric utility industry is highly dependent on the price swings of natural gas. There are two structural 

trends that amplify the sensitivity of the electric utility industry to natural gas price swings. First, in 2016, 

natural gas became the primary source of electric utility generation when it replaced coal. By 2024, the 

percentage of natural gas generation rose to 42.4%, and coal fell to 15.6%. Second, the rapid expansion 

of US LNG export capacity has increased the linkage between the price of natural gas within the US, and 

the volatility of natural gas prices internationally [5]. 

 

Prior to the surge in US LNG exports, US LNG exports were less than 1/10th of 1 percent of the nation's 

total natural gas production at 44.5 million cu ft/day in 2014. However, by 2024, LNG exports totaled 

11.9 billion cu ft/day, and accounted for 11.6% of US natural gas production. During the period of March-

April 2025, the amount of natural gas exported to LNG facilities exceeded 50% of the total amount of 

natural gas consumed for electricity generation in the US. The EIA projects that the average price of 

natural gas in 2025 will be $4.00/MMBTU, and that the average price of natural gas in 2026 will be 

$4.90/MMBTU, an increase of more than double the 2024 average price of $2.20/MMBTU. According to 

the IEEFA, "the reason for the higher natural gas prices expected in 2025 and 2026 are the continued high 

levels of growth of US LNG exports, that continue to exceed US natural gas production" [15][5]. 

 

Table II: U.S. Natural Gas Price Trajectory 

Year Average Price ($/MMBtu) Key Driver 

2024 $2.20 Low domestic prices 

2025 (Projected) $4.00 Rising LNG exports 

2026 (Projected) $4.90 Export growth outpacing 

production 

*Source: EIA via *[15] 

 

The EIA forecast the load-weighted average of the 11 regional wholesale electricity prices it tracks to be 

$47/MWh in 2025 (23% higher than the 2024 average) and $51/MWh in 2026, another 8.5% increase. As 

one energy analyst observed, "I don't see a way around" higher electricity prices for consumers given the 

combination of surging gas prices and declining federal support for renewables.[12][15] 

 

E. Policy Shifts and Regulatory Changes 

Changes made to Federal legislation have also had material effects on the future course of electricity 

pricing. Studies conducted before the enactment of the One Big Beautiful Bill Act (OBBBA) found that 

eliminating or reducing clean energy tax credits in the Inflation Reduction Act would increase consumers' 

electricity bills by changing the generation mix to rely on a greater proportion of natural gas and by 

exposing consumers to price volatility associated with the price of fuel. The Clean Energy Buyers Alliance 

and NERA Economic Consulting conducted a study that projected if clean energy tax incentives were not 

available, cumulative new clean generation capacity would decrease by 167 gigawatts, but 23 gigawatts 

of new natural gas capacity would be built by 2029 [16][17][18]. 

 

The resulting price impacts on consumers are sizable. Estimates vary based on study and location; 

however, studies estimate that consumers may pay up to $400 more each year for electricity [16][18]. 

Removing Federal Incentives for Renewable Portfolio Standards (RPS) increases the cost of complying 

with the RPS requirements, as utilities must develop higher-cost renewable capacity without the offset 

provided by the tax credit. Based on projections, the average all-delivery delivered electricity price will 
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increase under scenarios where there is no incentive for clean energy, with the magnitude depending on 

the generation mix in the region and the regulatory framework [18][16]. 

 

III. SMART HOME TECHNOLOGIES AS CONSUMER-SIDE MITIGATION 

A. Smart Thermostats 

Smart thermostats are among the most promising smart technologies to save energy at the consumer side. 

The biggest share of residential electricity use comes from heating and cooling; therefore, it is important 

to find ways to make them more efficient. There have been numerous studies that show smart thermostats 

provide consistent energy savings across many different types of residential environments. For example, 

one of the largest and most widely studied smart thermostat studies was conducted by the Cadmus Group 

and Vectren Energy. This study included thousands of homes and showed that Nest Learning Thermostats 

provided average annual natural gas savings for heating of 10-12% and electrical savings for cooling of 

15%. Specifically, Vectren’s study indicated that Nest-equipped homes averaged 69 therms/yr for heating 

(12.5%±1.5%) and 429 kWh/yr for cooling (13.9%±5%), which was more than double the heating savings 

of standard programmable thermostats.[6] 

 

ACEEE recently published a review of several recent studies regarding smart thermostats and determined 

that they can decrease energy use for both heating and cooling in the home by an average of 8-15% at an 

electric rate savings of approximately 2-3 cents/kWh. As there are expected to be approximately 38 million 

smart thermostats in U.S. homes by 2026 (or about 29% of all U.S. households), the aggregated potential 

savings will be substantial. Savings from smart thermostats for heating and cooling will account for almost 

60% of the total potential savings for smart home energy use, which underscores the significant impact 

smart thermostats will have in any residential efficiency plan or program.[19][20] 

 

B. Smart Lighting and LED Automation 

Automated LED lighting systems that include occupancy sensing and daylight harvesting capabilities offer 

tremendous potential for reducing the amount of energy used for lighting purposes in residential homes. 

An evaluation of a networked lighting control system that used occupancy and daylight dimming features, 

conducted by the California Energy Commission, identified a maximum of 73% energy savings compared 

to the same LED fixture operating on a simple on/off schedule. The U.S. Department of Energy also 

indicates that a combination of advanced lighting controls and LEDs will typically result in a reduction in 

lighting energy use of 60-80% compared to conventional lighting systems where controls were manually 

operated.[21][22] 

 

In actual field-based residential applications, savings vary based on the specific characteristics of the home 

being evaluated, including the number of private rooms, how much natural light enters those rooms, etc. 

However, even modest amounts of energy savings can be achieved through the use of automated smart 

lighting with occupancy sensing and scheduling. For example, using occupancy sensors in private rooms 

typically results in energy savings of around 30%. Daylight responsive dimming can reduce lighting costs 

by as much as 50% in areas that receive sufficient natural light. When smart lighting systems are 

implemented throughout a typical residential home, energy savings of 7-27% may be realized for lighting 

energy use, dependent upon the layout of the home, the occupants’ patterns of movement within the home, 

and the initial efficiency of the lighting systems in place.[23][24] 

 

C. Real-Time Energy Monitoring 

There has been extensive research regarding providing consumers with information regarding their 

residential electricity usage in real time. Consistently, this type of information has resulted in lower levels 

of residential electricity usage. ACEEE analyzed data from nine large-scale residential electricity feedback 

pilot programs conducted in the United States and Europe and found that the average residential electricity 

savings resulting from participation in these types of pilot programs were in the range of 3.8% to 12%, 
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with an average of approximately 5.7-7% for in-home display devices. Additionally, some of the pilot 

programs identified incremental residential electricity savings in the range of 2-4 percentage points from 

real-time feedback devices beyond the residential electricity savings attributed to the provision of energy 

saving tips and enhanced billing.[25] 

 

A study sponsored by the IEEE demonstrated that, for committed users who receive in-home display 

feedback regarding their electricity usage and are willing to act on the feedback, energy savings of 

approximately 18% may be achieved. A subsequent study involving color-coded dashboard displays and 

mobile connectivity, which monitored energy usage for a full year, resulted in average energy 

consumption reductions of 19% for participating users, demonstrating sustained user engagement with the 

monitoring technology during the full year of the study. One of the key benefits of real-time monitoring 

of residential energy usage is the ability to identify “vampire loads,” i.e., standby power consumed by 

appliances when they are in an idle state, which can consume up to 10% of the average residential home’s 

electricity usage.[26][27][23] 

 

Table III: Smart Home Technology Energy Savings Summary 

Technology Savings Range Key Source 

Smart Thermostats 8–15% (HVAC) ACEEE, Nest/Cadmus 

studies 

Smart Lighting (LED + 

sensors) 

7–27% (lighting) DOE, CEC studies 

Real-Time Energy 

Monitoring 

5–22% (overall) ACEEE pilot reviews 

ENERGY STAR 

Appliances 

8%+ (per appliance 

category) 

EPA 

Integrated Smart Home 

Systems 

Up to 30% (overall) CTA, industry research 

*Source: Compiled from *[20][7][25][6] 

 

D. ENERGY STAR Appliances and System Integration 

the U.S. Environmental Protection Agency’s ENERGY STAR program certifies appliances that meet the 

EPA’s strict energy efficiency standards. Smart scheduling is an effective way to increase the use of 

ENERGY STAR certified appliances and increase energy savings when the appliances are used for 

heating, cooling, refrigeration, and laundry. The consumer Technology Association (CTA) conducted a 

research study to quantify the energy saving potential of home automation products and systems. The 

study showed that "if home automation products like temperature, circuit, and lighting control were to be 

used for energy savings they would be able to collectively save up to 100 million tons of CO2 and lower 

total residential primary energy usage by as much as 10%". 

 

Research into integrated IoT driven smart home energy management has shown even larger savings. A 

study using a 2025 time frame published in Nature Scientific Reports found that hybrid renewable energy 

systems integrated with IoT sensors and smart home controls increased average energy efficiency by as 

much as 72.3% and decreased energy bills by as much as 61% compared to systems not using the smart 

home controls. An ANN based smart home energy management study published in Clean Energy was able 

to accurately predict energy consumption patterns 99.9% of the time and was able to increase energy 

savings by as much as 8-16% through the dynamic optimization of lighting, heating and cooling. Both 
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studies show that the 10-30% range of savings possible through coordinated smart home deployments is 

supported and documented by research in the peer reviewed literature.[29][30] 

 

IV. POWER OVER ETHERNET AS ENABLING INFRASTRUCTURE 

Power over Ethernet (PoE) is a type of technology that allows both data and electrical power to be 

transmitted to smart devices via a single Ethernet cable that conforms to IEEE standards 802.3af (15.4W), 

802.3at (30W), and 802.3bt (60-100W). In a smart home environment, PoE acts as a centralized, low-

power backbone to provide power to smart devices including IP cameras, access points, lighting 

controllers and environmental sensors, thus minimizing the need for multiple AC power adapters and 

allowing for easier network architectures. The energy efficiencies offered by PoE include centralized 

power management, reduced standby losses due to the elimination of distributed adapters and remote 

shutdown/disconnect capability of non-responsive devices without on-site service. Research indicates that 

smart homes utilizing PoE may realize a 30% decrease in electricity usage when compared to traditionally 

AC powered devices.[31][32][33] 

 

One major advantage of PoE is its scalability, adding additional devices only requires unplugging the 

existing device from a switch port and then plugging the new device into the same port rather than having 

to run additional wiring. This characteristic makes PoE particularly beneficial to growing smart home 

environments. From a safety standpoint, PoE is a low voltage technology (typically less than 57V) and 

reduces the risks associated with electrical installation and allows for quicker deployment by homeowners 

and low-voltage technicians without the necessity of hiring a licensed electrician. With continued 

development of PoE standards (up to 100W per port with PoE++) the number of devices that may be 

supported by a single PoE network will continue to grow and ultimately become an essential component 

of energy efficient residential infrastructure.[34][35] 

 

V. CONCLUSION 

Residential electricity costs in the U.S. are increasing as a result of a combination of factors. There is a 

need for $400 billion+ in upgrades to our aging grid infrastructure; there are growing demands for 

electricity to power exponentially increasing numbers of data centers for AI and Cloud Computing 

applications; there are costs and damages related to climate change and natural gas price volatility caused 

by increased U.S. LNG exports; and changes in policies regarding clean energy are affecting the financial 

viability of clean energy technologies. While many of these factors are beyond the control of individual 

homeowners, the tools to mitigate the impact of these factors at the household level are becoming 

increasingly available. 

 

Smart Home Technologies (including smart thermostats (8-15% HVAC savings), smart lighting systems 

(7-27% lighting savings), real-time energy monitoring (5-22% overall savings), and ENERGY STAR 

certified appliances) offer a proven, scalable method for consumers to reduce their electricity consumption 

and expenses. When smart home technologies are implemented in an integrated manner, they may also 

produce combined savings of up to 30% and annual reductions of up to 100 million tons of CO2 emissions 

if broadly adopted. Power over Ethernet (PoE) provides another layer of energy efficiency and scalability 

to smart home deployments by creating a centralized, low-power infrastructure backbone to support smart 

devices. 

 

As residential electricity rates continue to rise, households with intelligent energy management systems 

will be significantly more capable of absorbing rate increases, maintaining comfort levels and contributing 

to broader sustainability objectives. The implementation of smart home technology within residential 

energy strategy is no longer an option-it is a financially and environmentally imperative. 
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