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Executive Summary 
 

Can driving an Electric Vehicle (EV) save the world? 

Perhaps “save the world” is going a bit far, but 

choosing to buy and drive an EV can have far- 

reaching effects.  When you take into consideration:  

• Transportation is the leading cause of greenhouse 

gas emissions in the United States.1 

• According to the Environmental Protection Agency 

(EPA): cars, buses, planes, trucks and trains 

account for more than half of all the air pollution 

in the United States. The primary mobile source of 

air pollution is the automobile.2  

• Exposure to this pollution leads to health impacts 

including heart attacks, strokes, and asthma 

attacks resulting in ER visits, hospitalization, and 

premature death.3 

• Dependence on imported fossil fuels for 

transportation results in significant risk and costs 

associated with fuel security and national security.  

• For most states, gasoline isn’t a local commodity, 

so buying gasoline for fuel means that money 

spent on gas immediately leaves the local 

economy.  

Electric Vehicles have enormous potential to help 

address some of the major issues facing our country 

and the planet today. Electrifying the transportation 

sector would dramatically reduce greenhouse gas 

emissions, air pollution, and dependence on fossil 

fuels. At the same time, EVs could improve domestic 

fuel security, improve public health, drive economic 

development, and create a more efficient and 

resilient electric grid.  

According to a recent study of 20,000 global 

consumers, the single greatest barrier to EV 

adoption is price.4 The price of the EV we use in this 

analysis is $15,090 more than its gasoline-powered 

counterpart. For most consumers, particularly those 

who need to finance a new vehicle--and let’s face it, 

most of us fall into that category5-- this is a major 

barrier. While our analysis demonstrates the  

 

 

 

 

widespread value of an EV over its life, if you can’t 

afford one, none of these benefits will be accessed.  

Based on our research, a conservative estimate 

indicates that each EV can provide over $17,000 in 

benefits over the first eight years of its life. These 

benefits extend across local communities, states, 

countries, and globally. Monetizing some of these 

benefits and incorporating them into EV incentives 

could make EVs more accessible, improve health, 

reduce pollution, grow the economy, and--maybe 

even--help save the world.  
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Introduction 
We conducted this analysis to assess the broader 

value of each additional Electric Vehicle (EV) on the 

road. The impacts of choosing to drive electric 

extend beyond a quiet ride, smooth acceleration, 

and lower fuel costs. They extend to the local 

community in the form of economic development 

and health improvements. They extend to the local 

electric utility in the form of efficiency and grid 

resilience. They extend through to the national level 

in the form of energy security and a reduced need to 

protect oil interests in volatile regions of the world. 

They extend globally to lower carbon emissions and 

costs associated with climate change.   

This analysis builds off of an earlier research study 

Quantifying the Societal Benefits of Electric Vehicles6 

which was published for EVS29 in 2016. When the 

original study was published, there were about 

560,000 Electric Vehicles (EVs) that had been sold in 

the U.S. At the end of 2019, there were over 1.4 

million7 EVs on the road. With the growth in the EV 

market, numerous additional studies have been 

undertaken and published identifying both costs and 

benefits of EVs to vehicle owners, electric utilities, 

the environment, and society at large. This paper 

will assess seven values identified in the original 

study to include new information and additional 

refinements to the methodology.  

Why Offer Incentives for EV 

purchases? 
In spite of robust growth, EVs made up only about 

2.5% of the global new car market in 2019.8 The 

primary barrier to EV sales is the higher up-front 

cost of the vehicles.9  While over the life of the 

vehicle, an EV is cost competitive with a combustion 

vehicle, buyers focus heavily on purchase price.  The 

incremental cost of new technology (in this case the 

battery) adds a lot to the price of the vehicle.  In the 

example we will use in this analysis, the exact same 

vehicle (a 2020 Hyundai Kona SEL) with an electric 

drivetrain costs $15,090 more than its internal 

combustion equivalent. Over time, economies of 

scale and technological advancements will bring 

down the incremental cost of the batteries until 

eventually EVs and Internal Combustion Engine (ICE) 

vehicles reach cost parity. Until then, financial 

incentives help make EVs a more attractive and 

accessible option for those interested in driving 

electric.  

Governments of large economies have supported EV 

sales through incentives for several reasons 

including that EVs offer widely-recognized benefits 

beyond energy savings. These benefits generally 

align with policy priorities such as climate goals, 

health improvements, economic development, and 

fuel security. 

EV sales are supported by governments and utilities 

through a variety of mechanisms including 

education, outreach, reduced travel tolls, HOV lane 

access, charging infrastructure, charging rates, and 

tax credits.  Financial incentives have been shown to 

be a consistent and significant driver in the increase 

of EV sales.10  

The choice to drive an EV creates benefits that 

extend across local communities, states, countries, 

and globally. Monetizing some of these benefits and 

incorporating them into EV incentives could save 

governments money in the long run while helping 

them meet important policy goals.  

Methodology and Assumptions 
The original version of this study used cost benefit 

tests developed for the electric utility industry and 

applied them to electric vehicles. This updated 

analysis is based on the original, but uses a broader 

screen to identify and quantify the value of electric 

vehicles to drivers, the electric system, and society.  

The values calculated for each of these benefits rely 

on a number of variables, many of which are based 

on existing research and estimates. Fuel prices, 

Social Cost of Carbon (SCC), health impact costs, and 

the other metrics included in this analysis vary 

significantly based on geography, regional prices, 

generation mix, and other factors. The results of this 

analysis are simplified to demonstrate what the 

benefits of an EV--on average--are in the United 

States.  
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While care was taken to find metrics and values that 

accurately reflect these benefits and a conservative 

approach was taken to incorporating these values, 

please keep in mind that this research and the 

resulting values are intended to be illustrative. 

The goal of this analysis is to identify some of the 

more valuable and measurable benefits of EVs and 

demonstrate the magnitude of these benefits. 

Ideally, this updated research will expand the 

understanding of the range of EV benefits and serve 

as a tool for policy-makers to use when 

contemplating EV incentive levels.  

Methodology 
This analysis quantifies the costs and benefits of two 

identical vehicles, one with a conventional Internal 

Combustion Engine (ICE) and one with a battery-

powered electric motor (EV) which relies exclusively 

on electricity for power. We chose the 2020 Hyundai 

Kona as our reference vehicle because it is 

manufactured and sold with both an ICE and as an 

EV. It has been sold in both of these configurations 

since 2018 and is expected to be sold in both 

configurations through at least 2021. 

This analysis will quantify seven benefits from EVs. 

They include:  

1. Fuel savings 

2. Maintenance Savings 

3. Environmental Benefits from Reduced 

Carbon Emissions 

4. Health Benefits from Reduced Vehicle 

Emissions 

5. Fuel Security & National Security Benefits 

6. Economic Development Benefits 

7. Benefits to the Electric Grid 

These benefits will flow to different recipients. The 

fuel savings and operations & maintenance savings 

will benefit the EV owner or driver. The fuel security, 

economic development, health, and environmental 

benefits will affect society as a whole from the local 

community level through the global level. Additional 

EV load on the grid during times of low utilization 

will benefit all electric utility customers, even those 

customers not driving EVs.  

Assumptions 
Assumptions used in the valuation and comparison 

are as follows:  

Vehicles are both cash purchases and are sold at 

sticker price.  

This simplifies the analysis. It does however, provide 

an advantage for the person making an EV purchase. 

Since EV vehicle purchases require a larger upfront 

investment, the finance charges for purchasing an 

EV would be significantly higher if a proportionate 

portion of the cost of the vehicle was financed. This 

illustrates the importance of readily available 

financial incentives at point of sale.  

Vehicle lifetime is assumed to be 8 years. 

The average new vehicle is kept by the original 

owner for 6 years.11 The average age of a vehicle on 

the road is about 11 years.12 We chose to assess the 

costs and benefits of the vehicles over the first 8 

years of the vehicle’s life. The Hyundai Kona EV 

comes with a 10-year/100,000 mile battery 

warranty.13 The Hyundai Kona SE comes with a 10-

year/100,000 mile powertrain warranty. Both 

vehicles will fall under warranty for the duration of 

our analysis. Annual mileage is assumed to be 

12,000 miles resulting in total vehicle mileage of 

96,000 miles.   

Another consideration that should be taken into 

account when purchasing a vehicle is resale value. 

The average three-year residual value among all new 

vehicles, according to Kelly Blue Book is 

51.7%.14 While first generation EVs did not fare well 

in resale value, EVs with over a 200-mile range have 

resale values on par with comparable ICE vehicles. In 

fact, the Tesla Model 3 is among the leaders in 

resale value by a wide margin with a 3-year 

depreciation of only 10.2% as of July, 2020.15 With a 

range of 258 miles, the Kona should have a 

comparable resale value to conventional vehicles. 

Gasoline price is assumed to be $2.95 a gallon over 

the life of the vehicle.  

Because of the volatility of gasoline prices, to 

develop a reliable estimate of energy costs to 

operate the ICE vehicle, we used an average retail 

gasoline price over the last 10 years from the U.S. 

Energy Information Administration.16 It is assumed 



4 
 

that gasoline prices for the 8 year life of the vehicle 

will be within the range of those of the last 10 years, 

so gasoline prices will be kept constant (at the 10-

year average) for the life of the vehicle.  

Electricity Costs are assumed to be 12.38¢ per kWh 

over the life of the vehicle.  

To develop an estimate of the cost of electricity 

needed to power the EV in a way that is consistent 

with the methodology we used to estimate gasoline 

prices, we took the average retail electricity rate in 

the U.S. over the last 10 years. According to the U.S. 

Energy Information Administration, average U.S. 

retail price per kilowatt hour (kWh) for 2010 through 

2019 was 12.38¢ per kWh.17  

Many utilities use rate design to incentivize EV 

owners to charge at off-peak times such as 

overnight when rates are much cheaper. Not all 

utilities offer these discounted rates and the 

discounts vary widely from utility to utility. For 

simplicity and consistency, we did not include rate 

reductions from utilities in this analysis, but it is 

possible that they could contribute to additional 

savings. For the purposes of this analysis, it is also 

assumed that electricity prices will remain stable 

over the life of the vehicle.  

Fuel prices and emissions will be based on national 

averages.  

There exists a great deal of geographic variability 

related to the values we will assess in this analysis. 

Fuel prices, electricity prices, emissions from power 

generation, health impacts-all vary greatly 

throughout the United States. As a result, we will 

use national averages for these variables.  

The electric vehicle purchase includes level 1 

charging equipment which is installed at the EV 

operator’s residence.  

This analysis assumes that the EV is charged using 

the average residential rate. This does not break out 

workplace charging or public charging which, 

depending on location, could be subsidized, 

resulting higher or lower rates. The exception to this 

is the Total Ownership Cost  Analysis (shown in 

Figure 5). In that section, we will include the cost of 

an installed Level 2 EVSE. 

Both vehicles are driven the same mileage under the 

same conditions.  

The Kona SEL internal combustion vehicle has an 

EPA rating of 30mpg average city and highway. The 

Kona EV SEL has an EPA rating of 27 kWh per 100 

miles. These are the assumptions used in calculating 

fuel and energy costs.  

All values shown are in 2020 dollars.  

The benefits in this analysis are monetized based on 

existing research and literature. Some of this 

research is dated, in which case we used the 

Consumer Price Index inflation calculator18 to adjust 

the values into 2020 dollars. We also did not 

calculate Net Present Value for the values as they 

tend to be tied to fuel use (or lack thereof) and 

emissions reduction over the life of the vehicle, so 

there is not one lump sum value at the beginning of 

the analysis. Rather, the benefits are accrued over 

the life of the vehicle based on use.   

Value Ranges 

Some of the benefits we assessed resulted in a range 

of values. In these cases we selected mid-range or 

conservative values within these ranges to present a 

plausible, balanced analysis.  

The Vehicles 
  

Hyundai Kona19 Hyundai Kona EV SEL20 
30 mpg EPA 27 kWh/100 miles EPA 

10 year/100,000 miles 
powertrain 

10 year/ 100,000 mile 
battery warranty 

3 year free maintenance 258 mile range 

$22,100 m.s.r.p. $37,190 m.s.r.p. 

Analysis – Owner Benefits 

Fuel Savings                                             $6,231 
Using 8-year average costs for both gasoline and 

electricity in the United States (according to U.S. EIA 

data) we calculated what it would cost to fuel the 

two vehicles. As shown in the chart below, the 

annual fuel cost for the gasoline-powered vehicle 

would be $1,180 and the fuel cost for the EV would 
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be $401. Fuel savings for the EV driver would 

amount to $778.89 each year contributing to $6,231 

in savings over the eight-year life of the vehicle.  

Fuel Costs 
 2020 Hyundai 

Kona SEL 
2020 Hyundai Kona 
SEL Electric 

Annual Mileage 12,000 12,000 

Fuel Cost  $2.95/gal 12.38¢ per kWh 

Efficiency 30mpg 27kWh/100mi 

Annual Fuel $ $1,180 $401.11 

Difference $778.89 

Life of vehicle $6,231.10 

 

Maintenance Savings                             $1,494 
EVs have far fewer moving parts than conventional 

ICE vehicles. The battery, motor, and electronics 

associated with the drivetrain require no regular 

maintenance. EVs feature regenerative braking 

which uses the motor to slow down. This form of 

braking system recaptures energy from the 

momentum of the vehicle and stores it in the 

battery. While EVs have friction brakes, they are 

used as supplemental brakes. This creates less wear 

on the brakes and provides additional stopping 

power. According to NAPA auto parts, brakes on EVs 

can last twice as long as brakes on traditional 

gasoline-powered vehicles.21  

The America Automobile Association (AAA) has been 

publishing information about what it costs to 

maintain and drive vehicles since 1950. In 2017, 

their publication, Your Driving Costs22 began to 

include an assessment of Electric Vehicle costs. Their 

most recent analysis (2019) includes average 

maintenance and repair costs for both electric and 

ICE vehicles, including a small SUV with front wheel 

drive, which we use for the 2020 model year. 

Maintenance Costs 
 2020 Hyundai 

Kona SEL 
2020 Hyundai 
Kona SEL 
Electric 

Annual Mileage 12,000 12,000 

Maintenance 
per mile  9.09¢ 6.60¢ 

Annual 
Maintenance 
(first 3 years)  $792 $792 

Total 
Maintenance 
(first 3 years) $2,376 $2,376 

Annual 
Maintenance  
(next 5 years) $1090.80 $792 

Total 
Maintenance 
(next 5 years) $5,454 $3,960 

Total 
Maintenance (8 
years) $7,831 $6,336 

Difference Over 
Life of Vehicle $1494.00 

NOTE: Hyundai offers 3 years of free regular maintenance 

on ICE vehicles. To adjust for this dealer incentive we 

calculated 3 years of Maintenance at EV rates and 5 years 

at ICE rates since some maintenance costs (tire rotation, 

inspections & registration fees) would still be incurred 

during the “free maintenance period”.  

Analysis –Benefits to Society 

Carbon Emissions                                       $927                                         
Burning fossil fuels such as gasoline releases carbon 

dioxide (CO2) into the atmosphere. CO2 is a 

greenhouse gas linked to climate change. To 

determine the impact of this CO2 in the atmosphere, 

the U.S. Environmental Protection Agency (EPA) and 

other federal agencies use the Social Cost of Carbon 

(SCC) to estimate climate benefits of CO2 emissions 

reduction. The SCC value represents an estimate, in 

dollars, of the economic damages that would result 

from emitting one additional ton of greenhouse 

gases into the atmosphere.23 This value is intended 

to capture the expense of climate change damages 

from carbon emissions including changes in net 

agricultural productivity, human health, property 

damages from increased flood risk, and changes in 

 While the U.S. Social Cost of 

Carbon is considered to be a low 

estimate, we will use it in this analysis 

with the understanding that it is a 

conservative value. 
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energy system costs, such as reduced costs for 

heating and increased costs for air conditioning.24  

It is widely accepted by researchers that this value 

fails to capture all of the economic, ecological, 

health, and physical damages linked to climate 

change because some of the damages are difficult to 

precisely identify and quantify.25 In addition, models 

do not incorporate all of the damages identified in 

the literature. Based on the technical support 

document prepared by the U.S. government 

interagency working group on Social Cost of Carbon 

(SCC), in 2020 dollars, the SCC per ton is $42.00 in 

2007 dollars per metric ton using a 3% discount 

rate.26 Using the Consumer Price Index to adjust this 

value to 2020 dollars creates a value of $53.34 per 

ton. Estimates for the Social Cost of Carbon vary 

widely both in the U.S. and around the world from a 

value of near zero to hundreds of dollars. While the 

U.S. SCC is considered a low estimate, we will use it 

in this analysis with the understanding that it is a 

conservative value.  

Carbon Emissions 
 2020 Hyundai 

Kona SEL 
2020 Hyundai 
Kona SEL Electric 

Annual Mileage 12,000 12,000 

Emissions 20#/gallon27 .99#/kWh28 

Fuel Economy 30 mpg 27kWh/100mi 

Energy use/year 400 gal 3240kWh 

CO2 
emissions/year  8000 lbs. 3240 lbs. 

CO2 
emissions/year 

3.63 metric 
tons 1.45 metric tons 

SCC (2020 
dollars) 3% 
discount rate $53.34 $53.34 

SCC for Annual 
Emissions $193.50 $77.59 

Difference/year $115.93 

Life of vehicle $927.44 

 

Health Impacts                     $1,118 
In addition to carbon, other emissions such as tiny 

particulate matter (PM2.5) and ozone precursors 

from vehicle emissions contribute to serious health 

impacts including lung cancer, asthma, infection 

susceptibility, cardiovascular harm, developmental 

harm, reproductive harm and premature death.29 In 

fact, by 2030, EPA air quality emissions standards for 

vehicles are projected to prevent 40,000 premature 

deaths, 34,000 avoided hospitalizations, and 4.8 

million work days lost each year.30  

Several researchers have monetized the cost to 

society of these health damages. Using this data, we 

have estimated the value of the reduced health 

damages of driving an electric vehicle rather than 

driving a gasoline vehicle.  

We used data from the Bureau of Transportation 

Statistics (2018) to estimate pollution levels in light 

duty vehicle emissions.31 Similarly, we used 2018 

eGRID data from the Environmental Protection 

Agency to estimate the emissions produced from 

power generation for the EV.32 We then applied the 

damage values from the EPA Technical Support 

Document: Estimating the Benefit per Ton of 

Reducing PM2.5 Precursors from 17 Sectors to the 

emissions from both vehicles.33 We also adjusted 

these numbers for inflation using the consumer 

price index. Based on our calculations, driving an EV 

in the United States instead of a gasoline-powered 

vehicle will prevent health impacts valued at about 

$1,118. 

It is important to note that emissions from power 

plants are valued as being less damaging because 

vehicle pollution is emitted in much closer proximity 

to people.  This proximity contributes to higher 

health damages to those in large cities and 

marginalized socio-economic groups who are more 

likely to live and work closer to busy roads.34 35 

In addition to providing a greater distance between 

pollutants to people, U.S. electricity generation is 

Health Impacts 
 2020 Hyundai 

Kona SEL 
2020 Hyundai 
Kona SEL Electric 

Annual value of 
health damages 
from tailpipe 
emissions  $175.99 $0 

Annual value of 
health damages 
from elec. 
generation  $0 $36.28 

Difference/year $139.71 

Life of vehicle $1117.65 
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quickly becoming cleaner. As the dirtiest power 

plants retire and renewables make up a growing 

percentage of power production, health benefits 

from EVs will, in fact, grow annually over the 8- year 

vehicle life. To be conservative, the value was held 

constant in this analysis. 

 

Fuel Security & National Security   $2,244 
Oil prices are historically volatile. While the U.S. has 

decreased oil imports over the last 15 years, in 2019, 

it still imported 9.1 million barrels of oil a day.36 This 

dependence on imported oil creates political 

complexities and economic costs.  

A number of studies and publications have 

quantified the costs associated with reliance on 

foreign oil.  The study cited in the original 

publication of this analysis is from 2008 and is from 

Oak Ridge National Laboratory (ORNL). This study 

continues to be the go-to reference for assessing 

costs to the U.S. for fuel security.  In fact, a study 

conducted for NYSERDA recently relied on this study 

to quantify petroleum displacement benefits from 

electrification in New York in 2019.37  

For this analysis, we used the ORNL study (adjusted 

for inflation) for market effects related to demand 

and price spikes. Oil is priced globally and is 

dependent on global supply and demand. Foreign oil 

has supply security risks. Domestic oil is impacted by 

economic security risks. Even if a country relies on 

its own oil, global supply and demand changes make 

prices very volatile. EVs powered by the U.S. electric 

grid are not subject to these volatile markets since 

electricity is regulated and comes from diverse and 

domestic fuel sources.  These values do not include 

the cost of military policy or operations required to 

protect access to oil in volatile regions of the world.  

For values related to military policy and operations 

costs, we turned to a 2018 study by Securing 

America’s Energy Future (SAFE) that measured 

money spent by the U.S. military to protect global oil 

supplies and calculated this value over the number 

of barrels of oil imported. They came to a 

conservative value of 28¢ per gallon of motor 

gasoline. More comprehensive economic estimates 

in this study reveal a value of over 70¢ per gallon of 

motor gasoline.38  

Consistent with other values in this analysis, we will 

use the more conservative estimate for military 

costs and combine them with the costs of market 

impacts of imported petroleum to quantify the value 

of reducing reliance on foreign oil by powering 

vehicles with electricity. There is a very small 

amount of oil used in generating electricity in the 

U.S. We accounted for this in the evaluation as seen 

in the table below.  

*Adjusted for portion of oil imported in 2019 (44.5%)39 

 

Economic Development                  $3,172 
Every time a driver stops at a gas station and fills up 

their tank, approximately 80% of the money they 

spend immediately leaves the local economy.40 EVs 

offer two advantages for keeping money in the local 

economy. The first is that it costs less to power a 

vehicle with electricity which means that some of 

the money traditionally spent on gas is kept in 

Fuel Security 
 2020 Hyundai 

Kona SEL 
2020 Hyundai 
Kona SEL 
Electric 

Military cost of 
defending oil 
supply (SAFE) 28¢ per/ gal 0.28¢ per/ gal 

Monopsony 
Component 28¢ per/ gal* 0.64¢ per/ gal  

Macroeconomic 
Disruption/ 
Adjustment Costs 15¢ per/ gal* 0.34¢ per/ gal  

Total Fuel Security 71¢ per/ gal 1.26¢ per/ gal 

Annual Gallons 400 400 

Fuel Security Cost  
per year $285.51 $5.02 

Difference/year $280.49 

Life of vehicle $ 2,243.92 

 Using two different 

methodologies, we estimated that in the 

U.S. in 2018, approximately $167 Billion 

was spent on gasoline for cars and 

immediately left local economies.  
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consumers’ wallets. The second is that electricity is 

more likely to be generated locally so a greater 

portion of the money spent on transportation 

energy will stay local.   

A Cal-ETC study estimated that in Florida, 

households using PEVs would save a net $1,700 per 

year on fuel and maintenance. It estimated that 

most of these savings would be spent on food, 

household furnishings, clothing, and 

entertainment.41 Based on typical spending patterns, 

the same study estimated that this EV-driving 

household would increase their spending on food 

byaround $770 each year. This additional spending 

on food would support local farms, markets and 

restaurants. Another Cal-ETC study found that for 

every dollar spent on goods and services in 

California, 16 more jobs were created than for a 

dollar spent on gasoline.42  

Each step of the Economic Multiplier of Electric 

Vehicles (shown in Figure 1) also has the potential 

for generating tax revenue which also feeds back 

into the local economy and creates jobs. 

Recent studies conducted by the National 

Renewable Energy Laboratory (NREL) and Energy & 

Environmental Economics have shown that reduced 

Figure 1: Economic Multiplier of Electric Vehicles  

gasoline spending associated with owning and 

operating an EV yields roughly $4000 in regional 

economic development over the life of the vehicle.43  

One challenge with these analyses is that they 

include the value of the federal tax credit.  

Without this initial economic incentive, local 

spending in the economy would be much lower until 

fuel savings catch up with the incremental cost of 

the vehicle. This is one reason why EV incentives are 

still an important market driver and readily 

contribute to local and regional economies cost of 

the vehicle.  

 

 

Economic Development 
 2020 

Hyundai 
Kona SEL 

2020 Hyundai 
Kona SEL 
Electric 

Per EV Regional 
Economic 
Development44 

 $4,100* 
*over life of 

vehicle 

National Average per 
EV per year45 

 $362 to $431 

Average Value/year $396.50 
 

Life of vehicle $3,172.00 

Electric Vehicle Gasoline Vehicle 

80% of money 

spent on gasoline 

immediately 

leaves the local 

economy 
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Grid Benefits                                     $1,867 
The U.S. electric grid is made up of generation 

facilities, transmission lines, and distribution lines 

that generate and deliver energy necessary to meet 

consumer electric demand. It has extremely limited 

storage capacity and must constantly adjust to 

provide sufficient power in real time. As demand for 

power grows during different times of the day, the 

grid must respond immediately. As more renewables 

contribute power to the grid, overgeneration can 

occur.  Depending on how EVs are integrated with 

the grid, their impact can range from costing utilities 

and transmission operators a great deal of money to 

providing tens of thousands of dollars in grid 

benefits per vehicle.   

In an ideal world, a graph of electricity usage would 

be flat with steady electricity generation and steady 

electricity use. In reality, people use more electricity 

during different times of day and under different 

weather conditions.  

Figure 2: Incorporating Daily EV Load  

 

Figure 2 illustrates a simplified day of grid demand 

and the potential positive impact of EVs on this 

demand. Simply by charging EVs during times of low 

power demand (valleys), and curtailing (or stopping) 

charging during times of high demand (peaks), the 

vehicles can help flatten electric load which can save 

utilities and transmission operators a great deal of 

money. Conversely, if EVs charge during times of 

heavy power use (peak load) the costs to utilities 

and transmission operators could be enormous.  

Utilities employ several “tools” to help keep 

electricity supply and demand aligned. Some utilities 

use rate design (such as time-of-use rates) to offer 

lower electricity prices to encourage EV owners to 

charge during times of low demand (typically at 

night).  Another tool utilities use is “Demand 

Response.” As demand for power increases, 

electricity prices rise exponentially. Demand 

response techniques involve notifying and 

encouraging electric customers to reduce their use 

during times of high demand for a financial 

incentive.  

If utility customers adjust their behavior, it allows 

utilities to reduce capital investments to keep up 

with demand. Increased revenue from massive off-

peak charging will put downward pressure on rates,  

 

since it utilizes currently under-utilized assets.  Not 

all utilities offer rate design and/or demand 

response options to residential customers, but these 

tools are expected to become widespread over the 
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next several years and will be valuable for both EV 

customers and utilities. 

The next level of complexity and value as seen in 

Figure 3 is managed charging which allows the utility 

to control vehicle charging directly. Using charging 

equipment, the utility can slow or curtail charging as 

necessary to regulate power demand. This could be 

as simple as slowing or turning off charging during 

peak events, or as complicated as controlling small 

fluctuations in charging for frequency regulation. 

Managed charging is a nascent technology and has 

not yet been integrated or perfected. It is not 

available to retail utility customers and may take a 

while to become widespread.  

Figure 3: Continuum of EV-Grid Interaction 

 

The options discussed so far only require one-way 

power flow from the grid to the vehicle (V1G). 

Services that EVs could provide to the grid that offer 

the highest value include bidirectional charging or 

power flow that goes back and forth between the 

vehicle and the grid (V2G). These services are not 

widely available through utilities thus far but are 

expected to become widespread in the years ahead. 

In addition, most mass-market EVs46 are not 

currently equipped with bidirectional chargers thus 

cannot serve in these roles.  

There are significant benefits (and potentially costs) 

to the grid from EV charging. To determine a 

reasonable estimate of the value to the grid that EVs 

are likely to provide in the present or near future, 

we chose to focus on the value of benefits that EVs 

can contribute to the grid in the current 

technological and regulatory environment.  

We selected ratepayer benefits as our value of EVs 

to the grid since they are well-documented and 

readily available. After examining current literature, 

we included ranges from a cross section of scenarios 

and studies. We selected a mid-range value from the 

literature as a conservative value for this analysis. It 

is important to keep in mind that there is great 

potential for EVs to provide much greater value to 

the grid in the future, but if EV charging is 

unmanaged, there is also potential for EVs to create 

significant costs to the grid as well. 

Conclusions and Next Steps 
Electric Vehicles create broad benefits that extend 
beyond gas savings. Figure 4 illustrates the compiled 
value of EV benefits over the course of its first 8 
years on the road. Based on the average fuel and 
electricity prices over the last ten years, a single EV 
will save its owner $7,725 in gasoline and 
maintenance savings. This is the average savings, 
which may be lower or higher depending on local 
gas prices, electricity prices, and where you live.  

EV Benefits to the Grid   
Study Scenario Value 

Cal-ETC47 
Low $2,788  

High  $9,607  

MJ Bradley48 
Low  $744  

High  $1,692  

Bonneville49 

Low-Unmanaged  $300  

High-Unmanaged               $800  

Low-Managed  $830  

High-Managed  $1,000  

MJ Bradley50 

NY-NYC  $2,258  

NY-Long Island  $1,087  

NY-Upstate  $(569) 

 Average $1,867 
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Figure 4: Compiled EV Benefits over 8 Years & 96,000 
miles 

Conservative estimates demonstrate that the same 

EV will yield climate benefits, health benefits, fuel 

security & national security benefits, and economic 

development benefits of about $7,461. These 

benefits help society. Over the life of the same 

vehicle, this vehicle could provide benefits to make 

the electric grid more efficient and resilient which 

we conservatively estimate could yield ratepayer 

benefits of $1,867.  With the exception of fuel and 

maintenance savings, the EV owner creates these 

benefits by driving an EV but does not receive 

monetary compensation for these benefits. Over the 

life of the EV, the benefits from this vehicle will likely 

be over $17,000.  

As Figure 5 illustrates, even without EV incentives, 

when considering the broader benefits an EV 

provides, the cost of a traditional gasoline powered 

vehicle (to the consumer and society) will be greater 

over the first 8 years than the cost of a comparable 

Electric Vehicle. Since these savings accrue over time 

and EVs have a significantly higher up-front cost, EV 

incentives are an important tool to change 

consumer behavior and access these benefits from 

EVs. 

Figure 5: Total Ownership Cost  

This analysis provides a tool for policymakers to 
identify and capture the broader benefits of EVs and 
facilitate appropriate incentive values to reflect a 
more accurate value of EVs. Policymakers can 
leverage that value to reduce the incremental cost 
of EVs in the marketplace which will help meet 
policy goals and support job creation, economic 
development, national security, public health 
improvement, climate goals, and a more efficient 
electric grid.  

Next Steps 
An economic analysis such as this one can always 

continue to benefit from refinements in 

methodology, expansion of the literature review to 

incorporate new publications as they become 

available, and incorporation of additional benefits as 

they are identified. This study is not designed to 

accurately capture every dollar of benefit from EVs, 

but rather to provide a framework of thinking more 

broadly about the far-reaching implications of the 

decision to purchase an EV and how it can support 

Vehicle Hyundai 
Kona SEL 

Hyundai 
Kona EV 

SEL 
Vehicle Cost $22,100 $37,190 
Level 2 Charging Station 
(Including installation) 

$0 
 

$1,000 
 

Energy Costs $9,440 $3,209 

Maintenance Costs $7,830 $6,336 

Social Cost of Carbon $1548 $621 

Health Costs of Pollution $1,408 $290 

Economic Development 
Benefit 

$0 
 

-$3,172 

National Security Costs $2,284 $40 

Grid Benefit $0 -$1,867 

Total 8-year Cost to 
Owner and Society 

$44,610  $43,647  
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policy goals like public health, energy security, 

economic development, and climate change.    

Next steps that emerged in the course of this 

research include: 

1. Conduct additional research on local and 

regional economic development benefits.  

There is a significant amount of literature that 

identifies economic development benefits that 

EVs can contribute to states and regions, but 

they are often presented in large scale job  

creation, and billions of dollars of economic  

development associated with multiple scenarios 

of EV adoption. This information may be more 

accessible to the public if these benefits were 

scaled to individual EV sales. 

2. Because the variables used in these analyses 

fluctuate based on geography, fuel prices, 

generation mix, labor rates, and many other 

inputs, it would be useful to develop an online 

tool or calculator that is maintained to update 

inputs based on current values. It could also be 

linked to geographic data to incorporate 

regional or local fuel/electricity costs, labor 

rates, generation mix and healthcare costs to   

provide more regionally accurate and up-to-date 

values. 
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