Feature | Electric Avenue

Powering the transition

How electric vehicles, renewables, and grid technologies are reshaping electric

power systems

By Maura Keller, EA Contributing Writer

The rapid growth of electric vehicles is transforming the transportation
sector, but it is also reshaping the electric power industry. As utilities
prepare for rising electricity demand, they face the dual challenge of
integrating increasing amounts of renewable energy while ensuring
the grid remains reliable, resilient, and affordable.

For electrical utilities, grid operators, equipment manufacturers,
and infrastructure providers, the convergence of renewable energy
and transportation electrification represents both a challenge and an
opportunity. Emerging technologies such as vehicle-to-grid (V2G) sys-
tems, smart charging, microgrids, and virtual power plants are creating
new pathways for balancing supply and demand while maximizing the
value of renewable resources.

Industry experts say the success of the energy transition will depend
on moving beyond traditional approaches to grid planning and embrac-
ing more dynamic, distributed energy models.

A new approach to grid planning

Historically, utilities have designed electric sys-
tems around meeting peak demand. As EV adoption
accelerates, however, simply building additional
generation and infrastructure to serve new loads
becomes increasingly expensive.

“The traditional design model chases the peak,”
says Ildi Telegrafi, MSEE, policy fellow at the Alli-
ance for Innovation and Infrastructure. “As EVs
penetrate peak demand at higher rates, then the sys-
tem has to expand more rapidly. This is paid for by
the consumer as increased rates and higher supply
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POWERING THE TRANSITION continued from page 20

Instead, Telegrafi points to a growing shift toward
what Telegrafi describes as a peak-flattening model.
In this approach, distributed energy resources capa-
ble of storing electricity and discharging it during
high-demand periods become valuable grid assets.

“The clean energy transition is changing the
design model toward peak flattening,” Telegrafi
says. “Components that can store energy and dis-
charge it at a peak time will be incentivized to do so.
This operation reduces both delivery rates and sup-
ply costs.”

Steve Christensen, executive director of the
Responsible Battery Coalition, sees a similar evolu-
tion occurring across utility planning efforts.

“It is driving more localized planning instead
of the broader, system-wide approach used in the
past,” Christensen says. “Grids need to be more flex-
ible, ensuring there is sufficient storage to adapt to
unpredictable EV charging.”

The emphasis on localized flexibility reflects a
growing recognition that EV charging patterns can
vary significantly by region, neighborhood, and even
individual facilities. As a result, utilities increasingly
need tools that can respond to changing conditions
in real time rather than relying solely on traditional
long-term infrastructure expansion.

Balancing renewables

and transportation electrification
While EV adoption increases electricity demand,
renewable energy introduces another layer of com-
plexity. Solar and wind resources provide clean
energy but are inherently intermittent, creating
operational challenges for grid operators tasked
with maintaining continuous system balance.

“The challenge with integrating renewable energy
resources is their intermittent operation,” Telegrafi
says. Traditional grid operations generally assume
scheduled generation will be available when needed.
Renewable resources, however, depend on weather
conditions that can change rapidly.

Beyond utilities,
businesses, municipalities,
and fleet operators

are also finding new

ways to integrate
renewable energy and EV
infrastructure into their
operations
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To address this variability, Telegrafi believes new market mecha-
nisms must emerge that better support balancing resources. “In the
clean energy transition, market-driven operational dynamics have to
be established to balance the intermittent nature of renewables,” Tele-
grafi says.

Christensen agrees that matching renewable generation with EV
charging demand presents one
of the industry’s most signifi-
cant challenges. “Solar and wind
generation is intermittent, while
EV charging adds significant,
variable loads to the grid,” Chris-
tensen says. “The challenges lie
in matching timing, location, and
stability across the electrical net-
work.”

Energy storage systems increas-
ingly serve as the bridge between
those two realities. Batteries can
absorb excess renewable gen-
eration when it is available and
release it when demand rises or
renewable output declines. “By
storing power when it is abun-
dant and releasing it when the grid is stressed, batteries directly solve
the intermittency and capacity issues of a system that relies on wind
and solar,” Christensen says.

Nikhil Bharadwaj, CEO and co-founder of Xeal, believes better
coordination between renewable deployment and EV infrastructure
development will also be critical.

“One challenge is that the buildout of large commercial-scale renew-
able sources and EV charging deployments are still untethered at a
high level, leading to inefficiencies in co-benefits,” Bharadwaj says. He
notes that demand response programs and coordinated management
of distributed energy assets can improve economics while reducing the
need for costly grid upgrades.

Ildi Telegrafi, policy fellow at the
Alliance for Innovation and
Infrastructure

The promise of vehicle-to-grid technology

Among the technologies attracting significant attention is vehicle-to-
grid integration. V2G systems allow EVs not only to draw power from
the grid but also to return stored energy when needed.

Advocates view V2G as a potentially transformative resource because
it leverages assets that already exist. Millions of EV batteries connected
throughout the distribution system could collectively function as a vast
network of distributed storage resources.

“V2G is a storage mechanism that can balance operational dynamics
like energy, voltage, current, power factor, frequency, and protection,”
Telegrafi says. “V2G is localized and interconnected directly into the
distribution systems, changing the infrastructure requirements and
enabling a less expensive utility economic model.”

Because vehicles spend much of their time parked, Bharadwaj
believes they are uniquely positioned to support renewable integra-
tion.

“EVs, being flexible loads, are parked during various long dwell
times like overnight or at work, making them perfect sinks for renew-

ables like wind overnight or solar during peak duck curves,” he says.
Please turn to page 24
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POWERING THE TRANSITION continued from page 22
“Duck curves” show the imbalance between energy
demand and solar power generation over the course
of a day. The duck curve resembles the silhouette
of a duck: The daytime dip represents the duck’s
“belly,” and the steep evening surge represents its
“neck” and “head.”

According to Bharadwaj, V2G could help reduce
reliance on peaker plants while improving renew-
able utilization. “V2G can play a key role in not just
curtailing peaker plant spikes but helping solve the
integration challenges of renewables at scale,” he
says.

Christensen also sees significant potential in V2G,
although he notes that practical challenges remain.
“V2G might help by essentially expanding a grid’s
storage capacity,” Christensen says. “However, there
are many variables that need to be met regarding
the number of vehicles connected to a grid when
needed.”

Battery degradation remains another consider-
ation. Additional charging and discharging cycles
may affect battery longevity, although future bat-
tery technologies could help address that concern.
“As the need for V2G grows, we might see battery
technology advance to accommodate the additional
charging and discharging cycles,” Christensen says.

Creating the right market signals

Experts agree that technology alone will not be
enough. Regulatory frameworks, market structures,
and policy incentives must evolve alongside techni-
cal capabilities.

Telegrafi believes one of the most important steps
involves creating market mechanisms that reward
EV owners for providing grid services. “The first bal-
ancing between renewables and V2G storage is to
enable a marketplace that supplies energy from V2G
when renewable intermittency occurs,” Telegrafi
says. “This enables the system to balance energy
demanded to energy generated every instance.”

He notes that organized wholesale markets oper-
ated by independent system operators and regional
transmission organizations will likely need new
ancillary service structures that recognize and com-
pensate V2G participation.

Bharadwaj identifies several additional priorities,
including faster permitting processes and updated
regulatory frameworks that encourage innovation.
“Faster and standardized permitting, progressive
virtual power plant and energy metering laws, and
open standards with easy API-based connections
can help accelerate growth,” he says.

Open standards and interoperability may prove
particularly important as utilities, charging net-
works, renewable generators, and distributed energy
resources become increasingly interconnected.
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Businesses become energy participants

Beyond utilities, businesses, municipalities, and fleet operators are
also finding new ways to integrate renewable energy and EV infrastruc-
ture into their operations.

Telegrafi notes that many organizations are deploying increasingly
sophisticated behind-the-meter energy systems that combine distrib-
uted generation, storage, and managed charging.

“This changes the operating expenses for that entity to where it acts
as an energy “prosumer,” or producer-consumer, and generates an
additional revenue stream where there would have been an expense,”
he says.

Christensen points to the growing use of microgrids as a particularly
notable trend. “We are seeing an interesting proliferation of microgrids
to accommodate charging stations or as part of large business campus
projects that include employee EV charging,” he says.

These systems frequently rely on batteries to stabilize power flows
and maintain reliable operations.

Bharadwaj sees opportunities for organizations to use pricing strat-
egies and demand response
programs to optimize charging
behavior.

Businesses can offer dynamic
pricing based on incentivizing
EV drivers to charge at lower-
cost or greener fuel-mix times,
he says. Fleets and municipalities
may leverage demand response
programs to generate additional
revenue streams from their vehi-
cles when not in use.

On the horizon

Over the next decade, experts
expect the relationship between
renewable energy and transporta-
tion electrification to become increasingly interconnected.

Telegrafi believes automated vehicles could dramatically reshape
energy consumption patterns and charging behavior. “As the auto-
mated vehicle becomes more prevalent, the coordination between EVs
to support owner and ride-sharer needs with respect to EV charging
needs and V2G will become increasingly important,” he says.

Christensen expects V2G functionality to become more common-
place as battery technologies mature and utilities seek additional
flexibility. “We will likely see more V2G,” Christensen says. “Auto man-
ufacturers will likely make V2G a standard feature in EV firmware.”

He also highlights another factor that could influence both trans-
portation electrification and renewable energy deployment: access to
critical minerals. Materials such as lithium, nickel, cobalt, graphite,
and antimony remain essential for both EV batteries and grid-scale
storage systems.

Meanwhile, Bharadwaj envisions a future defined by intelligent coor-
dination among distributed energy assets.

“Virtual power plants with Al-first orchestration layers and digital
twins of energy resources, along with renewables and EVs paired with
stationary battery systems, are the next wave of smart energy technolo-
gies.” ER

Nikhil Bharadwaj, CEO and
co-founder of Xeal



