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Executive Summary

The United States power grid faces a
growing challenge: integrating renewable
energy sources and delivering power
across vast distances necessitates
significantly upgrading the existing
transmission infrastructure. This white
paper explores the advantages and
disadvantages of two primary
technologies vying for dominance in this
expansion: high-voltage alternating
current (HVAC) and high-voltage direct
current (HVDC) transmission lines. By
understanding the strengths and
weaknesses of each approach, informed
decisions can be made to create a more
efficient, reliable, and sustainable US
power grid.
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Introduction

ransmission
paper presents a
s of high-voltage
AC) and high-

t (HVDC) transmission
ts into a strategic
modernization.
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The Legacy of AC hkansmission

astructure: A vast,
AC transmission

ransformation: Relatively
>Nt facilitates voltage
for efficient power

onverter Station Costs: AC
er stations' upfront costs are
ally lower than HVDC stations.

ese factors make HVAC a viable option for
power distribution over shorter distances
and upgrading existing AC grids.
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Limitations of AC Bfransmission

aeral inherent

st as heat due to
Ission lines, known
INnCcreases

g distances,

orall efficiency.

ar Management: AC systems
e power management,

gh necessary for voltage

does not contribute to actual
lelivery. This introduces operational
exity and additional infrastructure

mited Control over Power Flow: Precise
control over the direction and magnitude of
power flow in AC systems is limited. This
complicates the integration of intermittent
power sources, such as those based on wind
and solar, and grid congestion

Management.
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The Potential of HVDC

Transmission

articularly for long-
. Here are the key

0ss: DC experiences
esistance along

es than AC, dramatically
er loss over long distances.

ransmission Capacity: HVDC
carry more power than similarly
lines, owing to the absence of

e power issues. This translates to
eased efficiency and the ability to
ansmMit more power without additional
nfrastructure.

Enhanced Control Capabilities: A key
strength of HVDC systems lies in their
advanced control capabilities. They precisely
regulate power flow direction and
magnitude, allowing for smooth integration
of renewable power sources and real-time
grid stability management.
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Challenges and '€onsiderations

INn HYDC Adoption

O consider

iIon Costs: HVDC

> significantly more

r AC counterparts,
ficant cost consideration.

on Complexity: Integrating

s into predominantly AC grids
plex, requiring additional

t and expertise for conversion

AC and DC systems.

-Effectiveness for Short Distances:
e cost-effectiveness of HVYDC drops for
shorter transmission distances or
Integration within established AC power
distribution systemes.
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A Hybrid Approaeh: The Best of

Both Worlds

xdernization
red
technologies.
e for:

ission: AC lines can
er distribution over

stribution: Existing AC
well-suited for local power
ithin established grids.

s within Established AC

s: Upgrades to existing AC grids

> cost-effectively implemented using
echnology.
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A Hybrid Approaeh: The Best of

Both Worlds

e following

ewables: HVDC
ent means to

erated by remote wind
solar installations, or
olated geothermal plants
ces.

dnnections and Stability: HVDC
rengthen connections between
grids. They offer enhanced control
ower flow, improving overall

Dility, resilience, and grid stability.

derwater Transmission: HVDC
echnology is the preferred choice for
efficient power transmission over long
distances underwater, a requirement in
connecting offshore wind farms to the
mainland grid.

VEDENI ENERGY | Powering Your Business Potential




Recommendations

s are made for

ce HVDC Links:

IN HVDC transmission
g renewable energy

as to population centers,
smission losses.

Interconnections with HVDC:
lines to enhance the

ection of regional grids for

ed reliability, facilitating power-

g during emergencies or peak

and.

everage HVDC for Offshore Wind:
Employ HVDC technology to connect
offshore wind farms to the mainland over
long undersea distances, maximizing
efficiency.
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Recommendations

and Local
o rely on AC
ance transmission,

established networks,

id Grid Architecture:

Id power grid architecture

ges the strengths of both AC and
nologies for optimal power

ture of the US power grid hinges on
 Intelligent integration of transmission
2chnologies. By adopting a nuanced
approach that recognizes the specific
advantages of AC and HVDC, we can build a
more sustainable, resilient, and efficient
power grid. The investments made today
will shape the energy landscape for
decades, influencing the accessibility of
renewable power and ensuring a reliable
energy supply for future generations.
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mands a

ake informed
strategic mix,

y is deployed in areas
th, will pave the way for
that is efficient, reliable,
capable of meeting

rgy needs.
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