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THE BASICS OF ELECTRICITY
What is electricity?
Electrons moving from one atom to another through a wire is
what creates electricity. The flow of these electrons is known as
a current. When the current only travels in one direction, that is
called Direct Current, or DC. However, there is another type of
current known as AC, or alternating current, where the
electrons constantly move back and forth in the wire.

Batteries
provide
DC

Outlets
provide
AC

THE ELECTRICAL GRID
The grid is an interconnected system of power lines, substations,
transformers, and associated equipment that delivers power from
the producer to the consumer. There are 3 major components of
the electric system: generation, transmission, and distribution.

How it Started
It began in 1885 when generating plants only
served individual entities. The next 50 years
were spent linking more and more plants into
isolated systems until it was obvious that this
interconnectedness increased reliability

How its Going
The United States has one of the world’s most
reliable, affordable, and increasingly clean electric
systems. The United States’ bulk electric system
consists of more than 360,000 miles of transmission
lines, connecting to about 7,000 power plants
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A Top-Down Approach of

ELECTRICITY MARKETS
Now that we know how electricity is made, how do we manage to
distribute it across the nation?

3 Major Interconnections
These 3 grids mostly function independently of
one another
They demonstrate the physical system of the
grid, but they don't manage the actual
operation
The redundant design of the grid helps prevent
service interruptions to retail customers due to
transmission line or power plant failures

Wholesale Electricity Markets
Wholesale markets involve the sales of electricity
among electric utilities and electricity traders
before it is eventually sold to consumers
The gray areas operate the entire flow of
electricity to consumers and do not use
competitive markets mechanisms
The colored areas are run by Independent
System Operators (ISOs) and Regional
Transmission Organizations (RTOs) that do trade
power in competitive markets

Retail Electricity Markets

Retail markets are determined at the state-level
and can be traditionally regulated or competitive
In traditionally regulated markets, consumers can't
choose who generates their power and are
required to purchase from the utility in that area
Competitive markets allow electricity consumers to
choose between competitive retail suppliers
It is important to note that the market is not
always divided clearly between traditionally
regulated markets and competitive market states
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What is the role of

UTILITIES?
For-profit companies owned by
their shareholders. State
commissions will grant them the
license to operate in specific
areas of the State under certain
terms and conditions. Regulated
by FERC and PUC

A UTILITY IS A POWER COMPANY
THAT GENERATES, TRANSMITS,
AND DISTRIBUTES ELECTRICITY
FOR SALE TO CUSTOMERS

Investor-Owned

Not-for-profit utilities owned by
cities and counties. Universities
and military bases can own and
operate their own utilities. These
are regulated by their own local
government. Not regulated by
FERC or PUC

Municipalities

Not-for-profit entities owned by
their members. They must have
democratic governance and
operate at cost. Members vote for
representatives to the Board of
Directors who oversee operations.
Not regulated by FERC or PUC

Cooperatives

Federal Energy Regulatory Commission

Public Utilities Commission

The FERC is an independent
agency within the U.S.
Department of Energy that
regulates the interstate
transmission and wholesale
sales of electricity

PUCs are operated
independently by the states
and they regulate intrastate
transmission and retail sales
of electricity
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How do Utilities Interact with

ELECTRIC
VEHICLES?
Real Time Pricing

Time of Use

Since utility-scale electricity storage is
still under development, electricity is
being delivered and consumed
immediately once it is generated.
Entities known as Regional
Transmission Organizations (RTOs)
and Independent System Operators
(ISOs) make sure that demand
doesn't exceed supply since it is all
being traded in real time

Critical Peak Pricing

Peak Time Rebates

Hourly changing tariff

Different Block Rate

High electricity price for

rate depending on real

Tariff within a time

certain fixed days of

rewarded for load

time price of electricity

period

year

reduction during peak

Customers are

hours

Problems

Solutions

Most of the time, the electricity infrastructure

Many electric utilities use price signals to be
one step ahead of the demand curve, but there
are other ways to mitigate this issue. For
example, incentive-based methods may cause
consumers to only plug in their vehicles when
the cost of electricity is lower during off-peak
hours, such as at night. The graphs above
show a few examples of how utilities structure
their rates which demonstrates how consumers
might respond to those price changes.

is not operating at its full capacity, which
means plug-in vehicles have the potential to
create little or no need for additional
capacity. However, there could potentially be
a major disruption in the grid due to:
cars plugging in at random times
difficulty predicting consumer behavior
more diversity in charging patterns as
more types of vehicles move to electric

Solutions to grid stress are rapidly developing,
especially as technological advances increase
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DID YOU
KNOW...
Electric Vehicle owners can
reduce utility rates for all
customers?

A key reason why revenues from EVs outweigh
the costs is that EV customers on time-of-use
rates tend to charge during off-peak hours,
which imposes minimal costs on the grid and
helps utilize resources more efficiently

Shifting EV charging to offpeak times could allow the grid
to accommodate all homes
having EVs without upgrading
most parts of the distribution
system
Utility investments that
facilitate the deployment of
charging infrastructure can
accelerate the EV market,
growing the potential benefits
from widespread EV adoption
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EVs and Electricity
Demand
New technology can reduce disruption on the grid because smart
chargers have the ability to only charge during the best off-peak
demand times which also saves money for consumers.
Have you
heard of the
DUCK curve?

EVs can help
eliminate the
duck curve
by...

This would help
prevent overgeneration of
energy that occurs
in areas with many
solar panels

The duck curve—named after its
resemblance to a duck—shows the
difference in electricity demand and the
amount of available solar energy
throughout the day. High solar adoption
creates a challenge for utilities to balance
supply and demand on the grid. This is due
to the increased need for electricity
generators to quickly ramp up energy
production when the sun sets and the
contribution from PV falls

charging during
the day when
solar panels are
creating the most
energy

Over-generation
causes system
operators to curtail
PV generation,
reducing its economic
and environmental
benefits
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LOCALIZED
CHARGING COST
What are some factors that
affect electric vehicle
charging costs?
1 / PRICE OF ELECTRICITY AT
DIFFERENT CHARGING SITES
2 / REGION AND TIME OF DAY

3 / HOW MUCH THE BATTERY
IS DEPLETED
4 / DIFFERENT CHARGING
POWER LEVELS
5 / EQUIPMENT/ INSTALLATION
COSTS

Average cost to
charge a battery
EV (including
equipment) in the
US is $0.15/kWh

Costs vary
widely depending
on location, use,
charging
behavior, and
equipment cost

Residential offpeak time-of-use
charging reduces
the average cost
by 24%
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COST VARIES BY STATE
LOCALIZED COST OF CHARGING (LCOC) VS
LIFETIME FUEL COST SAVINGS (LFCS)

The different costs can be
attributed to variations in the
cost to generate and distribute
electricity, and the availability
of EV-friendly utility tariffs,
including residential TOU and
commercial rates with low
demand charges
Some states with higher
gasoline prices, such as
California ($11,653) and
Pennsylvania ($8,059), are more
favorable for EVs despite their
levelized cost of charging being
higher than the national
average. Conversely, states
with lower gasoline prices
compared with electricity such
as Texas ($6,382) and
Tennessee ($6,222) are less
favorable for EVs

State-Level Variability in LCOC for BEVs

State-Level Variability in LFCS for BEVs

The national average lifetime fuel cost savings for light-duty
battery electric vehicles (BEV) is $7,758, meaning the average
consumer can expect to save nearly $8,000 in fuel costs over a
15-year period by purchasing a new 2019 BEV rather than a new
internal combustion engine vehicle (ICEV)
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Resources
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