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Executive Summary

The power grid is urgently evolving to meet 
the challenges of a sustainable and reliable 
future. Grid-enhancing technologies (GETs) 
are crucial for this transformation, 
empowering existing infrastructure to 
manage increasingly complex renewable 
energy integration, aging assets, and 
extreme weather events. GETs encompass 
advanced monitoring, dynamic control, 
optimization, and integration strategies to 
maximize grid capacity and efficiency. 

This white paper analyzes the fundamentals 
of GETs, explores key technological 
examples, highlights their extensive 
benefits, and offers strategies to incentivize 
their widespread adoption.
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Introduction: The Evolving Power 
Grid

With centralized generation and one-
directional power flow, the traditional power 
grid model faces unprecedented pressures. 
While essential in the fight against climate 
change, the rapid integration of renewable 
energy sources like solar and wind 
introduces variability in generation due to 
their dependence on weather patterns. This 
requires a grid designed to handle 
continuous power balancing despite 
fluctuating supply. 

Furthermore, large portions of the grid 
infrastructure in many regions are nearing 
or exceeding their operational lifespan, 
limiting capacity and increasing the risk of 
failures. These aging assets strain the grid's 
ability to handle modern energy 
complexities. Compounding these 
challenges are shifting demand patterns 
caused by electric vehicles, smart buildings, 
and other new technologies. These shifts 
create unpredictable load spikes, making 
flexibility within the power system crucial.
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Grid-Enhancing Technologies: A 
Smarter Grid

Grid-enhancing technologies encompass 
various hardware and software solutions that 
augment existing grid capabilities. They share 
key characteristics. Firstly, they utilize 
advanced sensor networks, including Phasor 
Measurement Units (PMUs), to provide high-
resolution, real-time data on grid conditions. 
This data is analyzed by sophisticated 
software to pinpoint potential problems, 
uncover hidden optimization potential and 
illuminate grid health trends.

 Secondly, GETs employ power electronics, 
flexible AC transmission systems (FACTS), 
distributed energy resources, and 
sophisticated control algorithms to adjust and 
optimize power flow throughout the grid. This 
allows for congestion management, voltage 
support, frequency regulation, and 
stabilization in the face of fluctuating 
generation. Thirdly, they enable the seamless 
integration of diverse assets like renewable 
energy sources, energy storage, demand 
response, and microgrids. Advanced 
forecasting tools and complex control systems 
orchestrate these resources, enhancing 
overall stability and reliability.
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Key Examples of Grid-Enhancing 
Technologies

Key GETs transforming the power grid 
include:

Dynamic Line Rating (DLR): Instead of 
static transmission capacity limits, DLR uses 
arrays of sensors to monitor conductor 
temperature, wind speed, and ambient 
temperature in real-time. This allows safe, 
dynamic adjustments of line capacity, often 
unlocking significant additional capability—
particularly during favorable weather 
conditions.

Advanced Power Flow Control (APFC): 
Various FACTS devices, such as Thyristor-
Controlled Series Capacitors (TCSC) and 
Static Var Compensators (SVC), act as 
precision power routing elements. By 
manipulating impedance within the grid, 
they alleviate congestion, improve 
efficiency, and optimize the use of existing 
infrastructure.
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Key Examples of Grid-Enhancing 
Technologies

Topology Optimization: Leveraging real-
time grid data, sophisticated software 
analyzes potential alternative grid 
configurations. This enables rapid 
reconfiguration in response to changing 
demand, unexpected events, and 
renewable generation fluctuations, 
maximizing system performance even 
under stress.

Advanced Sensors and Monitoring 
Systems (ASMS): ASMS includes PMUs, 
wide-area measurement systems (WAMS), 
and smart meters at diverse grid points. 
They offer a granular and real-time view of 
voltage, frequency, phase angle, and power 
flows, empowering operators with 
increased situational awareness, facilitating 
predictive maintenance, and enabling data-
driven optimization to minimize outages.
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Benefits of Grid-Enhancing 
Technologies

GETs deliver a wide array of benefits that are 
crucial for the success of the future power 
grid. Among their primary advantages is 
providing cost-effective upgrades 
compared to traditional grid expansion by 
constructing new transmission lines. This 
accelerated grid enhancement is 
particularly valuable in the face of rapidly 
evolving energy demand. 

Moreover, advanced control and stability 
mechanisms provided by GETs enable 
smooth, large-scale integration of 
renewable energy sources while 
maintaining reliable power delivery. This 
facilitates a transition to a cleaner energy 
mix without sacrificing grid stability.
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Benefits of Grid-Enhancing 
Technologies

GETs also significantly improve reliability by 
offering real-time, high-fidelity data and 
proactive control mechanisms. This 
empowers utilities to take preventative 
action against potential disruptions, 
minimize outages, and improve the grid's 
resilience against extreme weather and 
other unpredictable events. 

Furthermore, GETs contribute to increased 
efficiency; by optimizing power flow 
patterns, reducing congestion, and 
pinpointing areas for targeted grid 
upgrades, GETs improve overall grid 
efficiency. This translates into both potential 
cost savings for consumers and lower 
environmental impact. Finally, GETs are core 
enablers of environmental sustainability 
goals; they support a decarbonized power 
system by allowing for high levels of 
renewable energy integration and 
maximizing grid efficiency.
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Incentivizing GETs Through 
Wholesale Power Markets

Wholesale power markets play a crucial role in 
driving the adoption of new technologies. 
Reforms to market structures can unlock new 
incentives for GETs. Expanding capacity 
markets beyond traditional generation to 
include the capacity-enhancing potential of 
GETs (either standalone or in combination 
with resources like storage) would create new 
revenue channels. 

Additionally, expanding ancillary services 
markets, which reward essential grid services 
like frequency regulation and voltage control, 
would provide further financial incentives for 
GETs, as they excel in these areas. Allowing 
GETs to earn revenue by directly relieving 
congestion through targeted interventions 
would reward them for reducing grid 
bottlenecks and lowering participant costs. 

Lastly, direct financial rewards would 
streamline deployment justification by 
integrating performance-based incentives 
that link GET benefits—increased reliability, 
higher renewable integration, and 
demonstrated congestion relief.

9V E D E N I  E N E R G Y  |  P o w e r i n g  Y o u r  B u s i n e s s  P o t e n t i a l



V E D E N I  E N E R G Y  |  P o w e r i n g  Y o u r  B u s i n e s s  P o t e n t i a l 10

Important Considerations for 
Deploying GETs

It's important to remember that the optimal 
mix of GETs for a given utility depends 
entirely on its unique grid topology, load 
profiles, generation mix, and renewable 
energy penetration targets. This 
necessitates tailored analysis and 
deployment strategies for maximum 
impact. 

Furthermore, as GETs often rely on 
networked devices and real-time control 
capabilities, addressing cybersecurity 
concerns with robust measures integrated 
from the earliest development stages is 
essential. Lastly, educating and engaging 
with the public is crucial to understanding, 
gaining acceptance, and fostering support 
for GET deployment from consumers and 
other stakeholders.
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Conclusion: A Path Towards a 
Modernized Grid

Grid-enhancing technologies (GETs) are 
indispensable in transforming the power 
grid to meet the challenges of a sustainable 
and reliable future. Their ability to increase 
the capacity and intelligence of the existing 
grid infrastructure while simultaneously 
supporting the shift toward renewable 
energy sources makes them incredibly 
valuable. 

GETs offer numerous benefits to all 
stakeholders and are a linchpin of 
successful power system modernization. 
Through the concerted effort of power 
sector participants, grid-enhancing 
technologies hold the transformative 
potential to unlock a more intelligent, 
flexible, efficient, and clean energy future.
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Call to Action

Accelerating the adoption and scaling of GETs 
demands multi-faceted collaborative action. 
Utilities must proactively assess specific GET 
technologies that align well with their unique 
system needs and embrace an innovation-
focused mindset incorporating GETs into their 
grid planning. Policymakers have a critical role 
to play by crafting market mechanisms and 
regulatory structures that fully recognize the 
comprehensive benefits of GETs. These 
measures will empower GETs to play their 
appropriate role in energy markets, unlocking 
their full potential. 

Technology providers must remain 
committed to continuous research and 
development to refine GET solutions, reduce 
costs, expand their capabilities, and ensure 
seamless integration within the complex grid 
environment. Finally, open communication 
and ongoing collaboration between utilities, 
regulators, technology providers, and 
consumer advocates are crucial to aligning 
incentives and ensuring the widespread and 
effective utilization of GETs.
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