By 2030, electricity demand in the
United States is projected to surge
significantly, reaching 4,300 TWh,
according to PTR forecasts.

This increase is driven by the
widespread adoption of electric

vehicles (EVs), the rapid expansion of
data centers, and the electrification

of heating and cooling systems.
Simultaneously, integrating distributed
energy resources (DERs) such as solar
photovoltaics (PV), wind turbines, and
battery storage—is accelerating.
Utility-scale solar PV and wind capacity
are expected to expand to 625 GW,

including 365 GW from solar PV
alone. These shifts are trans-forming
the energy landscape and placing
unprecedented pressure on the
existing power infrastructure.

Historically, the bulk transmission
network has overshadowed the US
distribution grid—the complex network
of power lines and equipment that
delivers electricity from substations

to industries, businesses, and homes.

Once viewed as a passive conduit
for one-way electricity flow from
centralized power plants to consumers,

KEY DRIVERS FOR
MODERN DISTRIBUTION
GRID

the distribution grid is rapidly evolving
into an active, intelligent network
capable of real-time response and
management. This transformation
is essential due to the convergence
of several key factors reshaping the
power grid landscape.

Transitioning from a passive to an
active grid is not merely a technical
upgrade; it is a strategic necessity
to meet evolving electricity needs
while driving economic growth

and promoting environmental
sustainability.

Is the Distribution Grid the
Missing Link in Achieving B
a Successful Energy | "
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ONCE VIEWED AS A
PASSIVE CONDUIT
FOR ONE-WAY
ELECTRICITY FLOW
FROM CENTRALIZED
POWER PLANTS

TO CONSUMERS,
THE DISTRIBUTION
GRID IS RAPIDLY
EVOLVING INTO AN
ACTIVE, INTELLIGENT
NETWORK CAPABLE
OF REAL-TIME
RESPONSE AND
MANAGEMENT.
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Saqib Saeed is a highly accomplished market
research professional and a data storyteller
in the international energy industry. With over
a decade of experience in the field, he cur-
rently serves as the Chief Product Officer at
PTR Inc. His expertise lies in the power grid
and e-mobility equipment sectors. Sagib has
overseen numerous global market research
studies throughout his career and provid-
ed valuable insights to key decision-makers
at various Fortune 500 companies. He is a
member of the editorial board for Transform-
ers Magazine and a member of the Advisory
board of CWIEME Berlin and Middle East En-
ergy. In addition to his market research ca-
reer, Sagib has worked as an Electrical Engi-
neer in the manufacturing sector.
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TRANSITIONING
FROM A PASSIVE

TO AN ACTIVE GRID
IS NOT MERELY

A TECHNICAL
UPGRADE; IT IS

A STRATEGIC
NECESSITY TO
MEET EVOLVING
ELECTRICITY NEEDS
WHILE DRIVING
ECONOMIC GROWTH
AND PROMOTING
ENVIRONMENTAL
SUSTAINABILITY.
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Key Drivers for Modern
Distribution Grid

The following drivers are fundamen-
tally transforming electricity consump-
tion patterns, which is resulting in
unique requirements on the existing
grid infrastructure.

Widespread Adoption of
Renewable Energy

PTR forecasts utility-scale solar PV
capacity to exceed 365 GW by 2030,
a significant increase from 2023
levels. This growth will be driven by
substantial federal tax credits, grants,
and investments from the Inflation
Reduction Act (IRA) and the Infra-
structure Investment and Jobs Act
(IIJA), which together are allocating
a significant portion of $450 billion to
the clean energy sector.

The increase in DERs is already
evident, as demonstrated by the
interconnection queue for renewable
generation and storage projects,
which grew by 30% in 2023, reaching
2,600 GW. Even though the lack of
transmission grid development is

a key factor behind this massive
interconnection queue, a large portion
of this planned renewable capacity will
be connected to the distribution grid.
Integrating such a vast amount of new
capacity will require a more flexible and

responsive distribution grid capable of
managing intermittent generation and
maintaining grid stability.

Increased Electricity Demand
Fueled by EV and Data Center
Segments

According to PTR, electricity
consumption in the US is expected to
rise by 7.5% between 2023 and 2030,
reaching approximately 4,300 TWh
by the end of the decade. Two key
contributors to this growing demand
are the massive surge in EV charging
requirements and the exponential
growth of data centers.

* Massive EV Charging
Requirements: PTR projects the
active fleet of EVsinthe U.S. to
expand sixfold between 2023 and
2030, necessitating the deployment
of millions of new charging points
by the decade's end. This could
result in a 15-fold increase in
electricity demand originating from
the transport sector.

These charging points will be fast
chargers with bidirectional power
flow capabilities. Additionally,
technology is evolving rapidly, with
megawatt (MW) scale chargers
expected to reach the market by
2025, offering ultra-fast charging for
heavy-duty vehicles and large fleets.

Solar PV Growth

Jz;*

GW

120

2023

Figure 1:
Solar PV Installed Capacity Forecasts.
Source: PTR Inc.
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ELECTRICITY
CONSUMPTION IN
THE US IS EXPECTED
TO RISEBY 7.5%
BETWEEN 2023 AND
2030, REACHING
APPROXIMATELY
4,300 TWH BY

THE END OF THE
DECADE. TWO KEY
CONTRIBUTORS

TO THIS GROWING
DEMAND ARE THE
MASSIVE SURGE

IN EV CHARGING
REQUIREMENTS AND
THE EXPONENTIAL
GROWTH OF DATA
CENTERS.

PTR's DC public charger forecast
projects higher demand for faster
EV chargers, which are expected to
grow at a CAGR of 28%, while low-
power DC chargers will expand at a
slower CAGR of 19%.

However, the distribution grid
wasn't built to handle concentrated,
high-demand installations. It was
designed for steady, predictable
power use, not for managing large
and unpredictable loads from such
high-power infrastructure.

Exponential Growth of Data
Centers: Advancements in
generative Al and increasing reliance
on cloud computing are driving the
country's rapid expansion of data
centers. PTR research suggests that
in 2023, data centers accounted

for 2-3% of total US electricity
consumption; by 2030, this is
expected to rise to nearly 6%, with
peak power demand potentially
doubling due to increasing
computational needs.
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DC Public Charger Forecast
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Figure 2:
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Projected Growth of DC Public Chargers (2023-2030).

Source: PTR Inc.

Key Electricity Consumption Sectors

EV Charging Requirement

A/A

2024 2030

Figure 3:

Data Center Demand
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*% of USA Electricity Energy Demand (TWh)

Projected Electricity Consumption Growth in Key Sectors.

Source: PTR Inc.

Rising Climate Threats Highlight
the Urgency of Strengthening the
Aging Grid

The growing frequency of extreme
weather events due to climate
change—such as hurricanes, heat-
waves, and wildfires—puts additional
strain on the already aging distribution
grid, as evident by the increased
power disruptions. According to
PTR's research, utilities allocated
10% of their investments in 2023 to
enhancing grid resilience, a figure
expected to double to 20% by 2030.
This underscores the urgency of
modernizing the grid to handle rising
demand better, integrate renewables,

and increase resilience against
climate-related threats.

The Consequences of Neglecting
Distribution Grid Modernization

Failure to modernize the US
distribution grid poses significant
technical and financial risks that
could adversely impact grid stability,
the pace of the energy transition, and
long-term investment costs.

Grid Instability and Reliability
Issues

An outdated distribution grid is
more susceptible to instability and
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THE GROWING
FREQUENCY

OF EXTREME
WEATHER EVENTS
DUE TO CLIMATE
CHANGE—-SUCH

AS HURRICANES,
HEATWAVES, AND
WILDFIRES—PUTS
ADDITIONAL STRAIN
ON THE ALREADY
AGING DISTRIBUTION
GRID, AS EVIDENT
BY THE INCREASED
POWER
DISRUPTIONS.

reliability problems. Unstable grids
with insufficient network capacity

and inadequate reactive power
management face increased voltage
and frequency fluctuations risks.
These fluctuations can lead to more
frequent power outages, voltage
sags, and other supply faults, severely
impacting electricity supply security.

¢ Reactive Power Management and
Inertia Deficiency: Reactive power
is essential for maintaining voltage
levels for efficient electrical power
transmission. Without adequate
reactive power control and grid
inertia, the system becomes more
prone to voltage fluctuations
and frequency deviations. The
increasing penetration of DER,
which often lacks inherent inertia,
exacerbates this issue.

* Network Capacity Challenges:
Rising electricity demand is putting
a significant strain on the current
grid. Without upgrades, the grid's
capacity becomes a bottleneck,
preventing it from supporting the
increased load. This slows down
the adoption of new technologies
and leads to reliability issues.
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AN OUTDATED DISTRIBUTION GRID IS MORE SUSCEPTIBLE TO
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What's at Stake

Compromised
Grid Stability

Energy Transition Delays

Runaway Budget

Figure 4:

The Consequences of Neglecting Distribution Grid Modernization.

Source: PTR Inc.

¢ Challenges in Managing DERs:
The increasing penetration of
DERs requires sophisticated real-
time control systems for effective
management. Traditional grids
lack the necessary infrastructure
to handle two-way power flows
and the variability associated with
renewable energy sources. Without
advanced distributed energy
management systems, the grid
struggles to balance supply and
demand, leading to inefficiencies,
potential overloads, and increased
risks of blackouts.

Slowing the Pace of Energy
Transition

An outdated and inflexible distribution
grid significantly hampers the US's
progress toward a sustainable energy
future and delays decarbonization
efforts. This bottleneck could
jeopardize the achievement of critical
climate goals, such as the 50-52%
reduction in GHG emissions by 2030
and the commitment to net zero
emissions by 2050.

Furthermore, the push to achieve a
100% carbon-free electricity mix by
2035 and ensure that all new light-
duty vehicles sold are zero-emission
by 2035 could be significantly delayed
without modernizing the grid. If these
targets are missed, the US risks losing
its competitive edge in the global race
for clean energy leadership.

Escalating Investment Costs

Delaying grid modernization raises
technical challenges and increases

costs over time. Postponing upgrades
can lead to skyrocketing expenses,
with reactive maintenance and
emergency overhauls being far more
costly than planned improvements.
As the grid deteriorates, frequent
failures will drive up maintenance
costs. Without timely upgrades,
deferred maintenance and disruptions
will lead to higher utility rates and
economic losses, burdening utilities
and consumers.

Strategies to Lead Energy
Transition in the US

To address these challenges and
capitalize on the opportunities,
stakeholders must adopt
comprehensive strategies for grid
modernization.

Invest in Smart Grid Technologies
to Enhance Resiliency

Deploying advanced solutions such
as Advanced Metering Infrastructure
(AMI), Al-driven grid management,
and energy storage integration

is essential for improving grid
performance and resiliency.

Additionally, upgrading physical
infrastructure, including overhead
line hardening, undergrounding, and
capacity expansion, will strengthen
the grid against physical and
environmental stressors.

Embracing microgrid solutions can
also improve reliability, ensuring
that power systems remain robust
despite demand fluctuations and
extreme weather events.
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Moreover, integrating grid-enhancing
technologies, such as Dynamic

Line Rating (DLR) and intelligent
communication systems, will allow
for real-time monitoring and control,
further optimizing grid efficiency
and adaptability. Standardizing
technologies will ensure seamless
integration and scalability as future
advancements emerge.

Incorporate Cybersecurity
Protocols

Ensuring robust cybersecurity

is non-negotiable for modern

grid infrastructure. Following
guidelines from agencies like the
Department of Energy’s (DOE) Office
of Cybersecurity, Energy Security,
and Emergency Response (CESER)
will help safeguard the grid against
potential cyber threats, which are
expected to rise as the grid becomes
more digitalized and interconnected.

Leveraging Legislation for Grid
Resilience

Initiatives like the DOE's Grid
Modernization Initiative (GMI) and
the Grid Deployment Office (GDO)'’s
Grid Resilience and Innovation
Partnerships (GRIP) program,

which offers $10.5 billion through
various financial instruments
funding, provide critical frameworks
for enhancing grid flexibility and
resilience, creating opportunities for
utilities to improve infrastructure and
reduce operational risks.

Conclusion

The urgency to modernize the US
distribution grid has never been
more unmistakable. With electricity
demand surging, the rapid adoption
of renewables, and the increasing
impacts of climate change, it's
critical that stakeholders act now to
upgrade and future-proof the grid.
Investing in innovative technologies
and infrastructure today will ensure
a resilient, reliable, and sustainable
energy system for the future.

About PTR Inc: With over a decade of experience in the Power Grid and New Energy sectors, PTR Inc. has evolved from a core
market research firm into a comprehensive Strategic Growth Partner, empowering clients’ transitions and growth in the energy
landscape and E-mobility, particularly within the electrical infrastructure manufacturing space.




