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A b s t r a c t
 

he path toward a sustainable future involves transitioning to clean energy 

Tand decreasing our reliance on fossil fuels. The introduction of  the 

incandescent light bulb in the 1880s was the first spark that set humanity 

on the course of  electrification. Although by 1925, only half  of  American homes 

had electricity, advances in electrical technology over the next decades greatly 

increased our dependence on power. In modern times, rapid advancements in 

emerging technologies, such as electric vehicles (EVs) and smart devices, 

requires further electrification and making the additional energy use that all 

these devices require safe and efficient. 
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Background to the Study

Electrification is defined as the transition from fossil fuels, including coal, natural gas and oil 

to clean, renewable energy sources. The challenges to updating the electrical grid to account 

for the impending energy demands and reliance are great. To fully electrify all systems, 

processes and devices in homes, commercial buildings and industrial facilities, a significant 

effort needs to be implemented to update infrastructure for the electrical grid to support the 

additional demand for energy.

The Transition to Clean Energy 

Electricity today is still generated primarily by natural gas and coal, but as society pushes 

toward renewable, sustainable and low-carbon energy sources, so does the need for additional 

electrification. Devices that were once powered by oil and gas, vehicles and even household 

appliances, are now being powered by electricity. To accommodate these evolving needs, a 

major infrastructure upgrade to the utility grid presents a massive opportunity that will 

require substantial investments. The transition to clean energy has been boosted by federal 

funding and stimulus programs.

The Infrastructure Investment and Jobs Act (IIJA) provides significant funding of  $110 

billion for energy and climate infrastructure. The Inflation Reduction Act of  2022 (IRA) 

provides an additional $369 billion for clean energy and climate investment for low-carbon 

technologies. This equates to $479 billion for new climate and energy spending. This funding 

will support advancements in EV charging infrastructure, advanced manufacturing 

production for sustainable products, advanced industrial facilities and even sustainable 

aviation fields. Transportation presents the biggest opportunity, as it is estimated by an S&P 

Global Mobility report that the U.S. will need to expand its charging infrastructure by eight 

times by 2030. Fast chargers will be needed at charging stations throughout the country for 

light vehicles and trucks to support the transition from gas-powered vehicles.

Tax credits for alternative energy investments can present an additional incentive for 

consumers and businesses. The 179D deduction in the IRA enables building owners to claim 

a tax deduction for qualifying systems in their buildings. A tax deduction of  up to $1.88 per 

square foot is available for new or existing buildings that install technology that reduces 

energy and power costs, which can help lower and offset costs for upgrading to energy-

efficient systems and processes. Under the Internal Revenue Code Section 30D, if  a consumer 

bought a new, qualified EV in 2022 or before, they may be eligible for a tax credit of  up to 

$7,500. Solar photovoltaic (PV) systems are also eligible for a tax credit depending on the year 

it was installed. It ranges from a credit of  26 percent to 30 percent.

An example of  the evolution of  electrification in homes is the transition from incandescent 

light bulbs to compact fluorescent light bulbs and now to LED light bulbs, as well as the shift 

from appliances powered by gas to those powered by electricity. Now the goal of  

electrification is to make the energy we use today more efficient in whatever setting we are in, 

whether it's at home or in our offices. The evolution of  electrification in buildings was 

amplified with the push for LEED-certified buildings, which began in 1993. LEED-certified 
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buildings improve energy efficiency and lower carbon emissions. Now there's a push for net 

zero buildings, which produce the same amount of  energy as they use. According to the 

International Energy Agency (IEA), an investment of  $27 trillion is required to reach net zero 

by 2050.

Optimizing Energy Use and Resilience 

Discussions of  electrification and the movement towards adopting the widespread use of  EVs 

have proliferated in the media, but how possible is it to fully electrify all systems and 

processes? It may be possible but will require significant infrastructure upgrades and require 

monetary investments. According to International Energy Outlook 2021 published by the 

U.S. Energy Information Administration (EIA), the EIA predicts a nearly 50 percent increase 

in world energy use by 2050. This level of  energy demand is going to require the development 

of  infrastructure that is more energy efficient. E-mobility, or the electrification of  

transportation, as described by ESFI, is getting the most attention and the most monetary 

investments through government stimulus. It is one of  the most visible advancements in 

electrification, as all larger vehicle manufacturers now have at least one type of  EV on the 

market.

There is a major opportunity to optimize energy use and resiliency of  buildings while also 

lowering energy costs. For commercial buildings, lighting systems represent the biggest 

opportunity to be more energy efficient, while in industrial facilities, motors could be 

electrically driven. Buildings are charged based on electricity usage. Using too much 

electricity during peak hours can incur a surcharge. Installing energy storage allows a building 

to store energy for use during peak hours to avoid higher energy costs. Energy storage systems 

allow you to run on battery power and use off-peak energy from the grid to recharge. An 

opportunity for companies is to improve their Environmental, Social, and Governance 

(ESG) goals. ESG is described as an organization's sustainable and ethical efforts. The 

Securities and Exchange Commission (SEC) is requiring quantifiable evidence of  ESG 

efforts for certain registered investment advisers, advisers exempt from registration, 

registered investment companies and business development companies. This ensures 

businesses are providing an honest account of  their sustainability efforts. This requirement 

will propel more businesses to be more energy efficient and socially conscious.

Overcoming Energy Demands 

The three major challenges to increasing electrification include developing the infrastructure 

to handle increased energy use, the scale to which the infrastructure needs to be developed 

and supply chain delays. The supply chain is still suffering from COVID-19 pandemic-related 

labor shortages and shutdowns. There are also shortages of  EV battery materials and 

transformers, which are essential to electrical transmission and distribution. If  electricity 

demand is going to double, there is not enough power currently being generated or the 

infrastructure to support that growth. Our connected devices and round-the-clock 

connectivity depend on power. Losing power when all things are electrified will be 

detrimental.
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For industrial facilities, many operations today are not electrically generated, as most operate 

by natural gas, while many homes are also still heated by fossil fuels. It will take some time to 

move towards electrifying both of  those systems. Another challenge will be paying more to 

help utilities build out all the new infrastructure. It costs a significant amount of  money to 

become greener and more energy efficient. The infrastructure you build needs to be reliable 

because of  our dependence on electricity and devices. Navigating the IIJA and IRA bills to 

stimulate all this change is also a challenge. Even if  new infrastructure is built, the scale to 

which it needs to be developed is massive. Even if  the money is there to develop it, it is a 

challenge to get the product to build it because of  supply chain issues.

Navigating the Electrified Future

The scale to which the electrical grid infrastructure needs to be developed and upgraded to 

complete the transition to clean energy and achieve the goal of  becoming net zero by 2050 is 

expansive. The monetary investment alone would be $27 trillion, and with a struggling supply 

chain, the acquisition of  materials for this expansion will be challenging. However, with a 

federal government stimulus of  $479 billion for climate and energy spending, these goals can 

be achieved. Electrification is charging ahead, so it is imperative that the additional demand 

for energy is utilized safely and efficiently. The transition to clean energy and less dependence 

on fossil fuels is the way of  the future. These changes will ultimately allow businesses and 

consumers to operate as responsibly and consciously as possible to improve society as a 

whole.
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