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Executive Summary

The power industry is undergoing a digital transformation as utilities embrace Al-driven analytics
and software to modernise grid operations. Electric grids worldwide are becoming smarter,
more decentralised, and data-rich, spurred by surging renewable energy integration, the rise of
distributed energy resources (DERs) like solar and batteries, and growing reliability challenges. In
this context, advanced solutions — including digital twin simulations, DER orchestration
platforms, outage prediction algorithms, and real-time grid intelligence tools — are emerging
as key enablers of a more efficient, resilient, and flexible electricity grid.

Global market trends indicate robust growth in grid analytics and software investments. Market
size for smart grid data analytics is estimated at around USD 8-9 billion in 2025 and forecast
to reach roughly USD 14-15 billion by 2030, reflecting a double-digit compound annual growth
rate. This expansion is driven by utilities’ urgent need to process massive data volumes from smart
meters and sensors, predict and prevent equipment failures or outages, and optimise the flow of
power in real time. Crucially, Al and machine learning are moving grid management from a
traditionally reactive paradigm toward predictive and prescriptive operations, unlocking new
efficiencies and cost savings. By 2027, industry analysts project that about 40% of utilities will
have deployed Al-driven applications in control rooms, underscoring the rapid adoption of
these technologies.

Key drivers include global decarbonisation goals (which require integrating renewables at scale),
the electrification of transportation and heating (boosting demand and stress on grids), and
heightened regulatory focus on reliability and carbon reporting. At the same time, utilities face
challenges in adopting Al—data silos, legacy systems, cybersecurity concerns, and talent gaps can
impede progress. Despite these hurdles, numerous successful use cases demonstrate the value of
Al-driven grid solutions: for example, predictive maintenance algorithms already help some
utilities avoid outages and costly failures, while DER orchestration systems are enabling virtual
power plants that balance local supply and demand.

Regional dynamics vary, but the United States and Europe lead in deployment, backed by
supportive policy and funding. North America has seen substantial investment in grid
modernisation and DER integration, while Europe’s utilities are guided by EU initiatives on
digitalisation and flexibility markets. Emerging economies in Asia-Pacific and elsewhere are also
investing in smart grid software, often to leapfrog infrastructure constraints and improve
reliability.

Looking ahead, the competitive landscape is intensifying. Established grid technology
vendors (such as GE Vernova, Siemens, Schneider Electric, Hitachi Energy, and Oracle) are



incorporating Al into traditional grid management systems, while start-ups and niche
players bring innovative solutions for specific analytics problems (from drone-based line
inspections to Al for energy storage optimisation). Meanwhile, big tech companies and cloud
providers are partnering with utilities to offer scalable platforms for grid data handling and Al
model deployment.

This report provides a comprehensive analysis of the Al-driven grid analytics and software
market. It defines the scope of technologies involved, examines the state of the art in digital twins,
DER orchestration, outage prediction, and real-time intelligence, and discusses market drivers,
challenges, and trends. The current landscape (as of 2025) is detailed, including major vendors,
emerging entrants, and deployment models. A regional analysis highlights differences and
commonalities across global markets, with an emphasis on U.S. and European developments. We
also profile the competitive environment, illustrate real-world use cases and case studies, and
explore innovation trajectories such as the rise of generative Al in grid management.

Our market outlook through 2030 forecasts sustained growth as utilities worldwide accelerate
digital upgrades. Finally, we provide strategic recommendations for key stakeholders — utilities,
technology providers, and investors — to capitalise on these trends. By leveraging Al and advanced
analytics strategically, the power sector can build a more intelligent grid that meets the demands
of the energy transition while ensuring reliability and affordability for customers.



1. Market Definition and Scope

Definition: Al-driven grid analytics and grid software refers to the suite of software tools and
analytical platforms that leverage artificial intelligence (AI), machine learning, and advanced data
analytics to manage, optimise, and automate electric power grid operations. This market
encompasses solutions used by electric utilities and grid operators to monitor network conditions,
predict and prevent problems, integrate new energy resources, and generally enhance decision-
making for transmission and distribution systems. Key technology domains included in this
definition are:

o Digital Twins for Grid Assets and Systems: Software representations of physical grid
infrastructure (from individual equipment up to entire network models) that mirror real-
time conditions and can be used for simulation, planning, and predictive analysis.

e DER Orchestration Platforms: Systems (often termed Distributed Energy Resource
Management Systems, or DERMS) that coordinate and control distributed energy
resources — such as rooftop solar PV, battery storage, electric vehicles, and demand
response assets — to support grid stability and efficiency.

e QOutage Prediction and Management Analytics: Al tools that forecast equipment failures
or network disturbances (often by analysing sensor data, weather forecasts, and historical
outage data) and assist in outage prevention, faster restoration, and improved reliability
metrics.

¢ Real-Time Grid Intelligence and Control: This includes advanced grid monitoring, state
estimation, and autonomous or decision-support systems in the control room that use
machine learning to provide operators with actionable insights and even automatically
adjust grid settings in real time for optimal performance.

Scope: The focus of this report is on software and analytics solutions (including cloud-based
services) rather than physical grid hardware, although the interplay between the two is considered.
We examine platforms that ingest data from smart grid devices (sensors, smart meters, SCADA
systems, IoT devices) and apply AI/ML algorithms to that data for various use cases in grid
operations and planning. The scope is global, considering developments in all major regions
(North America, Europe, Asia-Pacific, Latin America, Middle East & Africa), with an emphasis
on the U.S. and EU where many innovations are currently concentrated.

The report covers both established enterprise grid software (for example, advanced distribution
management systems enhanced with Al modules) and emerging point solutions or services (such



as start-up offerings for predictive maintenance or renewable forecasting). It also spans
applications across the electric power delivery value chain: from high-voltage transmission grids
to medium- and low-voltage distribution networks, including the interface with end-
users/prosumers. Customer-facing analytics (like home energy management apps) are not the
primary focus, but we include them insofar as they interact with grid management (e.g. demand
response platforms that aggregate consumer load flexibility for grid services).

Area In Scope Out of Scope Notes

Software Grid equipment, field sensors,

AMI hardware

Al analytics, digital twins, Digital platforms and algorithms only
DERMS, ADMS, forecasting

engines

Grid Levels

Functionality

Deployment

Timeline

Transmission, distribution,

DER/prosumer orchestration

Grid planning, operations,

maintenance, optimisation

Cloud, on-premise, hybrid, edge

deployments

Current market status (2025)

Consumer-facing retail apps

Construction and physical grid

upgrades

Physical communications

networks

Legacy context before 2020

Prosumers included only when

interacting with grid operations

IT/OT integration is core

Reflects shift to edge-to-cloud

architectures

Forward-looking focus

and outlook to 2030

It’s important to delineate that this market research addresses “digital” solutions — algorithms,
software platforms, and IT/OT (information technology/operational technology) integration —
rather than the deployment of physical infrastructure like smart meters, sensors, or grid hardware
upgrades. However, the penetration of such devices provides the data foundation enabling Al-
driven analytics, so we will reference hardware trends where relevant (e.g. the rollout of smart
meters or grid [oT as a driver for analytics demand).

In summary, the scope covers any software product or system that uses advanced data analytics or
Al to improve the planning, operation, maintenance, or optimisation of electric power grids. This
includes vendor software suites installed on-premises at utilities, cloud-hosted analytics services,
and hybrid solutions. The timeline in consideration extends roughly through the current state in
2025 and outlook up to 2030. All data sources and references used for this report are compiled in
the appendix.



2. Technology Overview

In this section, we provide an overview of four key technology areas transforming grid
management: digital twins, DER orchestration, outage prediction, and real-time grid
intelligence. Each represents a facet of the broader shift toward data-driven, Al-enabled operations
in the power sector. We explain the concept and application of each technology, along with its role
in modern utilities.

Digital Twins for the Electric Grid

A digital twin is a virtual representation or model of a physical asset, system, or process. In the
context of electric utilities, a digital twin serves as a highly detailed digital replica of grid
infrastructure — from individual components like transformers and substations to an entire network
model of the grid. This digital replica is kept in sync with the real world via live data streams and
sensor inputs. Utilities use digital twins to simulate operations, analyse “what-if” scenarios, predict
outcomes, and remotely monitor asset conditions.

Applications: Digital twins can span the full asset lifecycle. During planning and design,
engineers use them to test the impact of new equipment or network configurations without physical
trials — for instance, simulating how adding a new solar farm or a battery system will affect local
voltage levels or fault currents. In operations, digital twins allow grid operators to visualize
current conditions in real-time and run contingency scenarios. For example, if a major line trips, a
digital twin model can instantly simulate power rerouting options and identify potential overloads
elsewhere. During maintenance, digital twins of equipment (like a transformer) can use real-time
sensor data (temperature, load, etc.) combined with physics-based models to predict failures or
optimal maintenance timing — this is often called “predictive maintenance”.

A significant benefit is improved situational awareness and foresight. Instead of reacting after a
problem occurs, operators can proactively address issues flagged by the twin. For instance,
a digital twin of a distribution grid might highlight that a particular feeder line will approach an
overheating condition on a hot afternoon with high air conditioner load and local solar generation
backfeeding; corrective action (like reconfiguring the network or reducing certain loads) can then
be taken preemptively. Digital twins also support training and planning: new operators can practice
on a realistic digital grid, and planners can stress-test the grid against extreme weather in a
simulation environment.

Integration of AI: Al algorithms significantly enhance digital twin functionality. Machine
learning can calibrate models based on historical data, improving the twin’s accuracy in reflecting
reality. Al can also be used to analyse the massive data produced by a complex twin — identifying



patterns or anomalies that human operators might miss. For example, an Al-enabled digital twin
can crunch years of data to learn the normal operating signatures of a substation and then detect
subtle deviations that indicate equipment deterioration long before an alarm triggers. Furthermore,
coupling digital twins with Al-driven forecasting (for load, renewable output, weather) turns them
into powerful predictive tools: a utility can forecast network conditions hours or days ahead and
assess reliability risks under various scenarios.

Industry forecasts project explosive growth in the adoption of digital twin technology across
sectors, including energy. Management consultants have estimated global spending on digital twin
technologies will grow at over 50% annually in the mid-2020s, reaching tens of billions of dollars
within a few years. Utilities are a major part of this trend, as digital twins are seen as critical
to meeting net-zero goals, handling load growth, and managing the complexity of modern
grids. In practice, leading utilities in North America and Europe have begun implementing digital
twins of sections of their grid. For example, U.S.-based Xcel Energy built an enterprise-wide
digital twin platform that consolidates data from smart meters and grid sensors — creating a near
real-time model of its distribution system. This platform has helped Xcel turn an overwhelming
flood of raw data (billions of data points per day from advanced meters) into actionable
intelligence, improving grid visibility and identifying conditions like feeder overloads or voltage
issues before they escalate.

Global Digital Twin Market Forecast (2025-2032)
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Distributed Energy Resource (DER) Orchestration

DER orchestration refers to the coordinated management of numerous distributed energy
resources in the power grid. DERs include renewable generation sources (such as rooftop solar
PV panels or small wind turbines), energy storage systems (home or commercial battery



installations, electric vehicles that can discharge power back to the grid), and flexible loads or
demand response assets (smart thermostats, industrial demand control, etc.). Unlike traditional
centralised power plants, DERs are typically smaller, dispersed across the grid, and often
customer-owned. Orchestrating them means aggregating, controlling, and optimising the
operation of these resources collectively to serve grid needs.

Purpose and Importance: The rise of DERs presents both an opportunity and a challenge. On
one hand, they offer new capacity, resiliency (by supplying local power during outages), and
services like frequency or voltage support. On the other, if many DERs act independently, they
can cause volatility — for example, a cloud passing over a neighbourhood causes dozens of solar
rooftops to reduce output simultaneously, potentially causing a voltage drop, or conversely, a
sunny low-demand afternoon leads to over-voltage from excess solar injection. Without
coordination, uncontrolled EV charging in the evening could create huge demand spikes that
overwhelm local transformers. DER orchestration addresses these issues by actively managing
when and how DERs feed into or draw from the grid.

Mechanisms: There are several approaches to orchestrating DERs:

e Direct control: A utility or grid operator sends direct signals/commands to DER units via
a DER management platform. For instance, during a peak load period the system might
send an instruction to a fleet of residential batteries to discharge power, or to EV charging
stations to curtail charging temporarily. This requires connectivity and often pre-arranged
contracts or programs where DER owners agree to allow such control.

e Autonomous control: DER devices are equipped with local intelligence (algorithms or
predefined rules) that let them respond to grid conditions automatically. For example, smart
inverters on solar panels can autonomously adjust their output or absorb reactive power if
they sense voltage deviations, helping stabilise the grid at the point of connection. Another
example is an EV charger that listens for a price or signal and self-regulates its charging
schedule according to grid constraints without explicit real-time operator commands.

e Market-based coordination: In more advanced setups, DERs are orchestrated through
economic signals in a market. Aggregators bundle many DERs into a virtual power plant
(VPP) and bid their combined capacity into energy or ancillary service markets. Pricing
signals then determine how the DERs operate — for instance, if energy prices spike, the
VPP operator will dispatch stored energy from batteries because it’s profitable and also
beneficial to supply the grid. This method requires a regulatory framework (like FERC
Order 2222 in the U.S., which allows aggregated DERs to participate in wholesale
markets) and an infrastructure for transactions and verification of performance. Many
regions are exploring such models to incentivise DER support for the grid.



Al in DER orchestration: Given the complexity (hundreds or thousands of resources of different
types), Al and machine learning are increasingly vital in DER management systems. Al helps
with forecasting — predicting solar output, estimating when EVs will be plugged in, forecasting
customer demand — which in turn informs dispatch decisions. Machine learning can also decide
the optimal allocation of tasks among resources: for instance, figuring out which subset of batteries
should discharge and by how much to solve a local constraint most cost-effectively. Some DER
orchestration platforms use Al optimisation engines to solve these multi-variable problems in real
time, factoring in weather, market prices, and grid constraints.

Benefits: Effective orchestration turns DERs from a grid disruption risk into a valuable asset. It
can defer or avoid traditional infrastructure upgrades — if peak demand can be shaved by
orchestrating DERs, a utility might avoid having to build a new substation. It also improves
reliability and power quality (balancing voltage, managing frequency) by leveraging the fast
response capabilities of inverter-based resources and demand-side flexibility. Moreover,
orchestrating DERs is key to enabling a more decentralised grid model, where energy is
produced and consumed locally as much as possible (reducing losses and congestion on the
network).

Real-world progress: Many utilities have moved from pilot projects to early deployments of DER
management systems. Virtual Power Plant (VPP) demonstrations are now operational in several
regions — for example, in parts of Europe and the U.S., aggregators control thousands of home
batteries and smart appliances to provide grid balancing services. Australia, with its high rooftop
solar penetration, has been a pioneer: in South Australia, a VPP formed by networked home Tesla
Powerwall batteries has successfully responded to grid events by autonomously discharging power
to stabilise frequency.

Table: Real-World Progress in DERMS and Virtual Power Plants (VPPs)

Category Examples [ Evidence Regions Implications for Grid Software
Utility DERMS Utilities progressing from pilots to early operational U.S., Europe Demonstrates readiness for large-
Deployment DERMS deployments scale DER integration and
orchestration
Operational VPPs Aggregators managing thousands of home U.S., Europe Validates VPPs as a viable grid-
batteries, EV chargers, and smart appliances to balancing tool; rising demand for
provide grid services real-time DER control
Australian Leadership South Australia’s Tesla Powerwall VPP Australia Showcases scalability of residential
autonomously discharges during grid events to VPPs and advanced inverter-based
stabilise frequency grid services
European Utility Enel and EDF investing heavily in DER orchestration Italy, France, EU Reinforces DERMS as a strategic
Initiatives to manage distributed renewable fleets asset for decarbonisation and
resilience
M&A Activity EDF acquired PowerFlex; Schneider Electric Global (France, U.S.) Signals rapid consolidation and
acquired AutoGrid, a leading DERMS platform rising strategic value of DER

orchestration platforms



Likewise, European utilities such as Enel and EDF have invested in DER orchestration technology
to manage the growing fleets of distributed renewables. The acquisition of DERMS-focused start-
ups has accelerated (for instance, France’s EDF acquired the start-up PowerFlex, and Schneider
Electric acquired AutoGrid, a Silicon Valley DER orchestration platform). These moves
underscore the recognition that orchestrating distributed resources is essential for a more flexible,
resilient grid.

Outage Prediction and Prevention

Grid outages — whether caused by equipment failure, severe weather, or operational errors — are a
perennial concern for utilities, impacting customer satisfaction and incurring economic costs. Al-
driven outage prediction aims to anticipate and mitigate outages before they happen, marking a
shift from reactive outage response to proactive grid resiliency.

Traditional approach vs. Al approach: Traditionally, utilities have managed reliability through
measures like regular equipment maintenance cycles, vegetation management (tree trimming near
lines), installing protective devices, and, when outages occur, reacting by dispatching repair crews
and reconfiguring networks. While these remain important, they often deal with
problems after they’ve occurred or based on broad assumptions (e.g., trim all trees on a schedule
whether or not they pose an immediate risk). Al offers the ability to pinpoint where and when
outages are likely, by analysing diverse data sources that correlate with outage risk.

For example:

o Weather data: Machine learning models can ingest detailed weather forecasts (wind
speeds, lightning probability, temperature, wildfire risk indices) and learn the historical
impact of similar conditions on the grid (e.g., high winds in a certain area have led to
downed lines in the past). By doing so, the Al model can predict that an upcoming storm
front has, say, an 80% chance of causing outages on a specific feeder line, allowing the
utility to pre-stage crews or reconfigure power flows in advance.

e Asset condition data: Utilities gather sensor data like transformer oil temperature,
vibration in substation equipment, or smart meter voltage fluctuations. Al algorithms
(especially anomaly detection models) can identify patterns that precede equipment
failures or localised outages. For instance, a pattern of momentary voltage dips reported by
smart meters along a circuit could indicate a tree limb is intermittently contacting the line;
an Al system might flag this for immediate inspection before it causes a permanent fault.



o Historical outage records: By learning from years of outage reports, AI models can
identify which factors (equipment age, load levels, environmental factors) best predict a
future outage. This feeds into asset management decisions — for example, predicting which
specific transformer or cable segment is at highest risk of failure in the next year, so it can
be replaced proactively.

Data integration: A key enabler of outage prediction is integrating previously siloed datasets.
Successful implementations often involve creating a “reliability data hub” that brings together
weather feeds, geospatial information (terrain, tree cover, fire risk zones), real-time SCADA
measurements, smart meter data, and even external data like lightning strike databases. AI/ML
models then process this amalgamated data. Cloud computing platforms are commonly used, given
the volume and variety of data and the need to run complex models (such as deep learning or
gradient boosted trees for prediction).

Benefits and examples: With Al-based outage prediction, utilities can reduce both the frequency
and duration of outages:

e Prevention: If a model predicts a high likelihood of an outage on a line (for example, due
to an oncoming ice storm combined with that line’s condition), the utility can take
preventive action: reroute power flows, temporarily shut off vulnerable sections (as a last
resort in wildfire conditions, known as Public Safety Power Shutoffs), or reinforce the
network by bringing mobile generators. It can also alert critical customers ahead of time.
In some cases, just knowing which areas are most at risk allows more targeted pre-storm
tree trimming or equipment checks.

o Improved restoration: Not all outages can be prevented, but Al can speed up restoration.
Predictive algorithms can infer the probable location and cause of a fault from sensor data,
sometimes even before customers call in. For instance, if an algorithm detects a signature
in current/voltage that looks like a blown fuse on a lateral line (perhaps from a fallen
branch), it can suggest dispatching a crew with the appropriate equipment to that exact
location, reducing patrol time. Al can also optimise crew allocation and restoration
sequencing after a major event by predicting repair times needed at various damage sites.

One notable case study: a collaboration between a major U.S. utility (Eversource Energy in New
England) and a consulting firm developed an Al-based system that integrated weather, satellite
imagery (for vegetation health), and grid sensor data. In a trial, this system reportedly avoided
tens of thousands of customer outages over a few months by enabling preemptive actions such
as load transfers and focused tree trimming just ahead of severe weather. Additionally, many
utilities are using satellite and drone imagery analysed by Al to predict outages — for example,



imagery can reveal trees leaning toward lines or poles leaning, which algorithms translate into risk
scores, prompting fixes before wires actually come down.

It’s also worth noting the synergy between prediction and customer
communication improvements. With Al estimating the likely impact and duration of upcoming
outages, utilities can better inform customers (e.g., sending alerts that “due to forecasted

outage

conditions, there is a high risk of power interruption in your area tomorrow, crews are on
standby”). This transparency helps manage customer expectations and satisfaction.

Finally, outage prediction efforts tie into regulatory outcomes: many regulators in the U.S. and
Europe set performance standards (like SAIDI/SAIFI — indices for outage duration and frequency).
Al tools that measurably reduce outages can help utilities meet or exceed these regulatory targets,
sometimes with financial incentives or penalties attached.

Real-Time Grid Intelligence and Al in Control Rooms

Real-time grid intelligence refers to the capability to monitor, analyse, and act upon grid conditions
instantaneously or within very short timeframes, using advanced algorithms and automation. This
is essentially the crux of the “smart grid” concept — a grid that is self-aware and can self-optimize
or self-heal. While digital twins and outage prediction often operate on study simulations or ahead-
of-time forecasts, real-time intelligence is about what’s happening right now on the grid and
responding to it. The nerve center for this is the utility control room, which is rapidly evolving
with Al-driven decision support.

Table: Real-Time Grid Intelligence and Al in Utility Control Rooms

Category

Definition

Core Purpose

Control Room Evolution

Key Technologies

Difference vs.

Forecasting Tools

Description

Instantaneous monitoring,
analysis, and automated
decision-making on live grid

conditions

Provide situational awareness

and rapid operational responses

Transition from SCADA-centric
monitoring to Al-augmented

decision support platforms

Al analytics, real-time data
platforms, edge computing,
high-fidelity grid models

Real-time intelligence acts on
immediate conditions;

forecasting tools look ahead

Examples [ Functions

High-frequency telemetry
processing, anomaly detection,

adaptive control

Voltage/VAR optimisation,
overload detection, real-time
DER dispatch

Al-assisted alarms, predictive
alerts, dynamic contingency

recommendations

Autonomous grid
reconfiguration, real-time

load/solar forecasting

Second-by-second data fusion
vs. simulations or day-ahead

studies

Implications for Utilities

Enables a self-aware, self-optimising

grid

Improves reliability, efficiency, and
resilience

Reduces operator burden and

prevents information overload

Supports fast, data-driven
operational decisions

Critical for managing variability from
DERs and EV loads



Traditional control room vs Al-augmented control room: A conventional control room relies
on human operators continuously monitoring SCADA screens, alarms, and communication with
field crews. Decision-making is largely manual, based on the operators’ training, experience, and
predetermined procedures. This model is increasingly strained due to:

o Data deluge: Modern grids produce enormous streams of data (from smart meters, phasor
measurement units, sensors on transformers, etc.). A human operator can only process a
fraction of this information. In fact, studies indicate utilities typically analyse only a small
single-digit percentage of available grid data in real time, meaning most data is historically
archived without contributing to immediate operational decisions.

e Complexity: The move from a predictable grid (one-directional power flow, few
generators adjusting output) to a dynamic one (many intermittent sources and responsive
loads) means there are more variables to consider simultaneously than ever before.
Situational awareness can suffer as complexity grows.

e Speed requirements: Certain grid events unfold in seconds (or faster) — far quicker than
a human can react. While protective relays handle sub-second fault protection, other
scenarios like fast frequency drops or rapid voltage fluctuations in a high-DER
environment might benefit from quicker analytical insight than human-in-loop decision
allows.

Al and machine learning in real-time operations: Here are some of the ways Al enhances real-
time grid management:

e Anomaly detection: Machine learning models can continuously ingest streams of SCADA
and synchrophasor data to learn the normal patterns of grid operation. When anomalies
occur (e.g., a sudden oscillation in power flow, or a substation sensor reading that deviates
from normal range), the Al can flag it instantly and even diagnose likely causes. Early
detection of anomalies might prevent cascading failures — for instance, identifying a
oscillatory instability in a power grid and alerting operators before it escalates.

o Predictive alerts: Instead of just reacting to alarms after thresholds are crossed, Al can
predict near-future conditions minutes ahead. For example, “transformer X is likely to
overload in the next 10 minutes given current demand trajectory and lack of cooling” or
“feeder Y voltage will violate limits within 5 minutes because a cloud is reducing solar
output and the system hasn’t compensated yet.” These predictive alerts give operators lead
time to take action (or let automated systems correct the issue).



e Automated control and optimisation: Some advanced control centers deploy Al in
closed-loop control. For instance, an Al optimization engine might continuously
adjust voltage setpoints across many voltage regulators and capacitor banks in a
distribution grid to minimise losses and maintain power quality as loads and generation
fluctuate. This is often termed Volt/VAR optimisation, and Al techniques (like
reinforcement learning or heuristic optimisation) can significantly improve efficiency
versus static rule-based control. Another area is automated generation control for
balancing supply-demand: Al can help dispatch distributed resources quickly to handle
sudden changes, augmenting traditional automatic generation control systems.

e Visualization and decision support: Al can condense huge data sets into comprehensible
visual insights. Modern control room software with Al might feature unified dashboards
that overlay key information — weather, grid flows, outages, DER activity — highlighting
what matters most. Natural language processing (a branch of Al) is even being explored to
create virtual assistants for grid operators: for example, an operator might query, “Which
substations are at highest risk right now if this storm hits?”” and the system can produce an
answer by analysing data on the fly.

e Simulation and what-if in real time: Control room operators can use digital twins (as
discussed) in real time to simulate the outcome of a potential action. Al speeds up these
contingency analyses. A concrete development in this arena is the use of reinforcement
learning agents to suggest control actions. The U.S. National Renewable Energy
Laboratory recently demonstrated a system (“eGridGPT”) that uses a form of Al to propose
grid control actions and test them in a digital twin before applying them live, drastically
reducing the time to determine safe corrective actions during emergencies.

Impact on operators’ roles: The infusion of Al doesn’t eliminate the need for human operators
— rather, it changes their role. Operators increasingly shift from directly turning knobs
to overseeing Al systems and making higher-level decisions. For example, instead of manually
balancing feeder load, the operator monitors an Al-driven system doing so and intervenes or
overrides only if something looks off or if there are strategic reasons. This requires trust in Al
tools, which is why explainable Al and user training are crucial; operators need to understand
recommendations and have confidence in them. Some utilities have instituted formal training for
staff to work with Al-driven tools and updated their operating procedures to incorporate Al
outputs.

Self-healing grids: One real-time application of Al is in fault detection, isolation, and restoration
(FDIR). Advanced distribution automation schemes — often labeled as “self-healing” — use
algorithms to automatically isolate a faulted section of a feeder and reroute power from alternate
sources, sometimes in seconds, limiting the outage to a smaller area. Al can enhance FDIR by



more quickly and accurately locating faults (using high-frequency data, not just customers calling
in) and optimising the network reconfiguration (making sure closing a tie switch doesn’t overload
another part of the system). The result is improved reliability indices, as many temporary faults
can be resolved almost instantaneously without human intervention.

Real-world example of real-time Al: A European transmission system operator (TSO) has
deployed an Al-based tool that assesses stability in real time. As renewable generation fluctuates,
the tool calculates stability margins (for voltage and frequency) and alerts the TSO when margins
become thin, recommending actions like starting a fast-ramping backup generator or redispatching
power flows. This kind of tool is becoming essential in grids with high wind and solar penetration
to avoid blackouts. Another example: some U.S. utilities now use Al-driven load forecasting on
a very short-term basis (5-minute ahead forecasts) to inform automatic dispatch of battery
storage or demand response, ensuring supply-demand balance is maintained in real time even with
rapid solar output changes.

Overall, real-time grid intelligence powered by Al and machine learning is pushing the industry
toward the vision of an “autonomous grid” — one that can largely monitor and adjust itself, with
humans setting objectives and handling exceptions. While full autonomy is still a future goal, many
building blocks (anomaly detection, predictive control, automated switching) are already in
deployment, incrementally making operations smarter and more efficient.



3. Market Drivers and Challenges

Adoption of Al-driven grid analytics and software is being propelled by powerful market drivers,
while at the same time a set of challenges is tempering the pace of implementation. Understanding
both the drivers and obstacles is crucial to assess the market trajectory and to formulate strategies
for stakeholders.

Key Market Drivers

e Decarbonisation and Renewable Energy Targets: Around the world, governments and
utilities have set ambitious targets to cut carbon emissions, which translates into massive
growth of renewable generation (solar, wind) on the grid. For example, the European Union
aims for large shares of renewables by 2030, and many U.S. states have “clean energy
standards”. This influx of variable renewables drives the need for advanced analytics to
handle intermittency and maintain reliability. Al-based forecasting of solar/wind output,
and tools to integrate these resources (like smart inverters and storage optimization), are in
high demand. In addition, regulators are increasingly asking for carbon monitoring —e.g.
grid operators reporting real-time carbon intensity of power being delivered — which
requires sophisticated data gathering and analysis across the grid.

e Rise of Distributed Energy Resources (DERs) and Electrification: The energy
landscape is decentralising. Tens of millions of solar PV systems, batteries, and electric
vehicles are connecting to distribution networks globally. For instance, residential solar
capacity in markets like California or Australia is growing rapidly, and EV adoption is
surging (the U.S. and EU are both seeing double-digit growth rates in EV sales annually).
This trend, along with electrification of heating (heat pumps) and other sectors,
is significantly increasing electricity demand and altering load profiles. Traditional grid
management tools struggle with this new complexity, so Al-driven software for DER
orchestration and flexible load management is becoming essential. Utilities see these tools
as a way to avoid costly grid upgrades: by intelligently managing when EVs charge or how
batteries discharge, they can smooth out peaks and defer the need for new substations or
feeders.

e Grid Resilience and Reliability Needs: High-profile power outages and extreme weather
events in recent years have put grid resilience in the spotlight. From hurricanes and
wildfires in North America to storm-induced blackouts in Europe and Asia, the economic
and social cost of outages is huge. This creates pressure (often from regulators and
policymakers) on utilities to improve reliability indices and harden their systems. Al-
driven outage prediction and self-healing grid schemes are direct responses to this need.



They enable a shift from reactive outage repair to proactive mitigation, which is
increasingly seen not just as an operational improvement but as a strategic imperative. In
markets like the U.S., utility regulators tie financial incentives/penalties to reliability
performance, making investments in analytics to reduce outages financially prudent.
Similarly, national security concerns (ensuring critical infrastructure stays online) motivate
adoption of advanced grid management technologies.

Operational Efficiency and Cost Savings: Utilities operate in an environment with
significant cost pressures. They need to maintain or improve service while keeping rates
reasonable and managing aging infrastructure. Al and analytics offer new levers for
efficiency: predictive maintenance means fewer unplanned repairs and better allocation
of maintenance budget; optimised dispatch of crews and assets lowers operating costs;
loss reduction techniques (like Volt/VAR optimization through Al) can save energy. A
compelling driver for many utilities is that relatively small improvements at scale translate
to large savings — for example, a few percentage points reduction in line losses across a big
utility can save tens of millions of dollars annually. Executives thus see analytics
investments as a way to extract more performance out of existing assets. Early adopters
have publicised successes such as using Al to reduce transformer failures by X% or cut
energy theft (via smart meter data analysis) by Y%, which spurs others to follow suit.

Operational Efficiency Gains from Al & Grid Analytics
(Selected Real-World Case Studies)
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Data Availability from Smart Grid Infrastructure: Over the past decade, enormous
investments have been made in smart grid hardware — millions of smart meters, sensors,
automated switches, and networked devices are now deployed, especially in North America
and Europe, but increasingly in Asia and Latin America as well. These devices
generate petabytes of data (for instance, an advanced meter might log usage and voltage
every 15 minutes, creating 96 data points per day per customer). The widespread
availability of this high-resolution data is a fundamental driver enabling Al applications.
Utilities that have completed smart meter rollouts now possess far more information about
their systems than before, and they are keen to leverage it. In essence, the grid has become



data-rich, and there is a strong motivation to use modern analytics to convert that data into
useful insights. This driver is sometimes phrased as “turning data into value” — utilities
want to justify their investment in smart infrastructure by using Al to improve decisions
and outcomes.

e Regulatory and Policy Support: In many regions, policy developments are actively
encouraging the adoption of smart grid analytics. For example, the U.S. Department of
Energy (DOE) has provided funding through grid modernization initiatives and the
Infrastructure Investment and Jobs Act (IIJA) to support advanced grid management pilot
projects. The Federal Energy Regulatory Commission (FERC) Order 2222 (issued in 2020)
in the U.S. requires grid operators to enable aggregated DERSs to participate in wholesale
markets, effectively mandating the need for DER orchestration platforms. In Europe, the
European Commission’s strategies on digitalisation of energy and the impending Al Act
create frameworks that encourage utilities to deploy Al (while also ensuring it’s done
safely). Many European countries have regulatory incentives for utilities to invest in smart
grid capabilities — for instance, Britain’s Ofgem regulatory model provides allowances for
innovation projects, and EU recovery funds post-COVID have allocated money for digital,
green grid improvements. All these create tailwinds for the industry. Additionally, some
regulatory bodies are beginning to require integrated distribution planning that assumes
high DER growth, which practically necessitates using advanced analytics to plan and
operate future grids.

e Customer Expectations and Engagement: Today’s consumers expect higher reliability
and more insight into their energy usage. Large commercial and industrial customers, in
particular, demand power quality and minimal downtime. Residential customers,
influenced by digital experiences in other sectors, expect timely information (like accurate
restoration times in outages) and even personalised energy advice. Al-driven software
helps utilities meet these expectations — for example, outage analytics can provide precise
restoration estimates communicated via text/email, and meter data analytics can power
customer-facing apps that give energy saving recommendations. Satisfied customers
contribute to a utility’s regulatory standing and brand value. In some competitive markets,
offering smart analytics-driven services (like time-of-use optimisation or integration with
home automation) can be a differentiator. Thus, improving the customer experience is a
softer but relevant driver for adopting grid intelligence solutions.

Major Challenges and Barriers

o Data Silos, Quality, and Integration Issues: Ironically, while data availability is a driver,
it’s also a challenge. Many utilities have historically siloed systems — the metering data
might reside in one database, outage management in another, asset health in yet another,



all using different formats. Integrating these for Al analysis is a non-trivial task. Data
quality can be inconsistent: sensors can have calibration errors, or legacy databases may
have missing/outdated entries (for example, GIS records of network equipment that are not
perfectly up-to-date). Al algorithms are only as good as the data fed into them; poor data
can lead to false predictions and erosion of trust in the tools. A common refrain in the
industry is the need to become “Al-ready” by cleaning and organising data. Many utilities
under-estimated the effort and had early setbacks with analytics projects due to data
wrangling issues. Overcoming this requires investment in data management platforms,
adoption of common standards (like the Common Information Model for utility data), and
sometimes lengthy efforts to validate and correct datasets. The challenge is particularly
acute for older utilities that might have decades of legacy data in incompatible formats.

Legacy Systems and Integration with Operational Technology (OT): Utilities have
significant sunk investments in existing grid management systems (SCADA, EMS, DMS,
etc.). Introducing Al-driven tools often means interfacing with these legacy systems, which
can be rigid or vendor-proprietary. There is a risk and complexity in integrating new
software into mission-critical operations — ensuring, for instance, that an Al application
can read from a SCADA system without compromising its performance or security.
Additionally, real-time control systems are usually certified and designed for reliability;
adding a layer of AI control may require proving it won’t inadvertently cause harm.
Integration challenges also include latency (can the systems communicate fast enough for
real-time analytics?) and scalability (can legacy comm networks handle the data from
thousands of devices needed for Al algorithms?). Some utilities find that their older IT/OT
infrastructure needs upgrades (e.g., faster communications, cloud connectivity, or new
middleware) before they can fully leverage cutting-edge analytics, which slows down
projects and increases costs.

Cybersecurity and Privacy Concerns: With greater digitalisation of the grid comes
greater cyber risk. Al-driven grid software often involves connecting more devices and
feeding data to central or cloud-based systems, which expands the attack surface for
potential cyber threats. Utilities are understandably cautious about this; a breach or
manipulation of Al control systems could have serious consequences (imagine a hacker
manipulating an Al to mis-route power or ignore an impending outage). Therefore,
stringent cybersecurity standards (such as NERC CIP in North America or IEC 62443 for
industrial systems) must be met, which can complicate or delay deployment of new
software. Some utilities hesitate to use cloud-based analytics due to concerns about data
security and control. Moreover, customer data privacy is a factor: smart meter data and
behind-the-meter DER data can reveal personal usage patterns, so using it in Al systems
must comply with privacy laws (like GDPR in Europe) and customer consent requirements.
These concerns necessitate robust data governance and security architectures, which are an



added challenge and cost. In some cases, regulatory restrictions on data sharing can even
impede Al development — for example, third-party innovators might have trouble accessing
utility data to build Al solutions due to privacy rules.

Table: Operational Efficiency Gains from Al & Grid Analytics (Concise Summary)

Use Case Measured Improvement Description

Predictive maintenance 48% reduction in Al models identify failure risks early,

(transformers) transformer failures improving asset reliability and reducing
O&M costs

Smart meter analytics (loss ~4% reduction in electricity Analytics detect non-technical losses,

reduction) losses improve billing accuracy, and reduce

technical inefficiencies

ML-based VVO/CVR 1.7-1.9% energy reduction Machine-learning-driven voltage control
(distribution feeder) reduces system energy use and lowers

operational costs

Workforce and Skill Gap: Implementing Al analytics is not just a software purchase — it
requires human expertise to configure models, interpret results, and maintain the systems.
The utility industry traditionally has a workforce skilled in electrical engineering and
operations, but not as many data scientists or Al engineers. There is a learning curve and
often a culture gap when introducing data science teams or retraining staff to work with
Al. Some utilities report difficulty in attracting top tech talent; they are often competing
with tech companies for Al professionals. Internally, even when talent is available, change
management is needed — operators and engineers might be initially skeptical of Al
recommendations (“trusting a black box”), or they may worry about job security.
Comprehensive training programs and change management initiatives are needed to ensure
the workforce can effectively leverage new tools. This challenge is slowly being addressed
as younger, more digitally-native staff enter the industry and as success stories build trust,
but it remains a barrier, especially for smaller utilities with limited resources for new hiring
or training.

Financial and ROI Considerations: While Al-driven solutions promise savings, they
require upfront investment — in software licenses or development, in IT infrastructure, in
training, and in process changes. Utilities operate in a regulated environment where large
investments often require regulator approval to be recouped through rates. If the return on
investment (ROI) for an Al project is uncertain or hard to quantify, it may not get approved
in budgets. Some benefits of Al are indirect or long-term (e.g., improved reliability or
deferred capital expenditure), and those can be harder to use in a convincing business case
compared to traditional projects like building a substation which has a clear capacity
increase. The market is still maturing, and in some cases vendors charge high prices for
new, sophisticated software, which can be a deterrent. Smaller utilities in particular might



find the cost of entry (and having to possibly hire consultants or additional staff)
prohibitive. Moreover, pilot projects can sometimes disappoint if not managed well,
leading to skepticism about further spending. That said, as solutions mature and more case
studies demonstrate clear value (and as costs come down with competition), this challenge
is gradually easing.

e Regulatory Uncertainty and Compliance Issues: Regulation is a driver, but it can also
be a barrier when it’s not clear how Al fits into the current rules. For example, some grid
operators have hesitated to automate certain decisions because regulations require a human
operator’s sign-off for safety reasons. In some jurisdictions, the concept of an autonomous
grid operation might not fit neatly into existing regulatory frameworks for accountability
and liability. There are also concerns about how to audit or validate Al algorithms —
regulators and utilities must ensure that decisions (especially if they affect billing, like
demand charges, or critical actions, like load shedding) are fair and transparent. The
nascent state of standards for Al in critical infrastructure means many utilities proceed
cautiously to avoid compliance pitfalls. Europe’s upcoming Al Act might classify some
energy grid Al applications as “high risk”, implying requirements for oversight and
transparency that companies will have to navigate. Until clear guidelines are established,
some stakeholders might take a conservative approach, limiting Al deployment to advisory
roles rather than fully automated control, which in turn limits the achievable benefits in the
short term.

o Interoperability and Standardisation Gaps: The ecosystem of grid analytics tools is
fragmented, with many vendors offering solutions that might not easily interoperate. A
utility could end up with one system for meter analytics, another for DER management,
and a third for asset health, which don’t talk to each other seamlessly. This can lead to
duplicated efforts or inconsistencies. The industry is working on standards (for example,
IEEE and IEC have working groups on utility data exchange, and initiatives like the Linux
Foundation’s LF Energy promote open platforms) but as of 2025, the landscape is not fully
standardised. If a utility fears vendor lock-in or incompatibility, it may slow down purchase
decisions or wait for clearer standards. Promoting open data models and modular
architectures is a work in progress in the sector.

In summary, while the drivers provide a strong push towards Al adoption in grid management,
each implementation must overcome a range of challenges. The net effect in the market is that
progress is happening and accelerating, but not without careful navigation of these obstacles.
Stakeholders that proactively address data readiness, cybersecurity, workforce training, and clear
ROI measurement are finding greater success in scaling Al solutions beyond pilot projects.



4. Current Market Landscape (2025)

As of 2025, the market for Al-driven grid analytics and software has evolved from early
experimentation into a more mature phase of initial large-scale deployments and intense vendor
activity. This section describes the landscape in terms of major solution types, key industry
players, prevalent deployment models, and the overall state of adoption among utilities.

Solution Categories and Technologies in Use
Several categories of grid software solutions incorporating Al/analytics are now established:

e Advanced Distribution Management Systems (ADMS) with AI: ADMS are software
platforms utilities use to monitor and control distribution networks (outage management,
switching, voltage control, etc.). Modern ADMS offerings from leading vendors
increasingly embed Al algorithms. For example, many ADMS now include fault location
isolation and service restoration (FLISR) applications that use intelligent algorithms to
expedite power restoration. They may also feature machine-learning-enhanced load
forecasting and Volt/VAR optimisation modules. An ADMS serves as a “central brain” for
many utilities’ distribution operations, and the addition of Al has become a key
differentiator in vendor offerings.

e DER Management Systems (DERMS) and Virtual Power Plant (VPP)
platforms: With the growth of DERSs, specialized software for managing these resources
has proliferated. DERMS solutions often provide a dashboard for aggregating DER
capacity, forecasting DER behavior, and dispatching or curtailing resources as needed.
They must interface with both utility control systems and often customer-side devices.
Some are extensions of traditional utility software (like add-ons to ADMS), while others
are standalone platforms originally developed by tech startups. By 2025, some
DERMS/VPP platforms have been acquired and integrated by larger vendors (for instance,
a start-up known for Al-based VPP optimization might now be part of a big energy
management company’s suite), while others remain independent and continue to innovate
rapidly.

e Asset Performance Management (APM) and Predictive Maintenance Tools: These
software solutions focus on grid assets — transformers, breakers, lines, etc. — and use data
(sensor readings, maintenance logs, inspections) to assess asset health. Al techniques (like
machine learning models and even neural networks) predict failure probabilities and
optimal maintenance schedules. Utilities have adopted APM tools to prioritise their capital
and maintenance spending effectively. Notably, some companies known for industrial Al



(for example, firms that have products for factory equipment monitoring) have tailored
their solutions to the utility sector, often in partnership with utility-focused firms. By 2025,
it’s common for a utility to have some form of “equipment health dashboard” driven by
analytics, even if in pilot form, which flags, say, the top 5% of transformers at risk of near-
term failure.

Customer Analytics and Demand-Side Management Platforms: Although our focus is
primarily on grid operations, it’s relevant that many utilities use Al on the customer side
which indirectly benefits the grid. Platforms analyze smart meter data and other customer
information to detect usage patterns, identify which homes have electric vehicles or solar
(useful for grid planning), and target energy efficiency or demand response programs.
Some solutions can disaggregate a customer’s load to figure out how much is HVAC vs.
appliance vs. EV, etc., using Al — providing insights for both customer engagement and
grid impact (for example, spotting clusters of EVs in a neighborhood so the utility can
upgrade the transformer). Companies offering “Utility AI” in this domain often combine
consumer data science with grid analytics. The adoption of such platforms by 2025 is
significant, as utilities look for integrated approaches linking customer programs with grid
needs (e.g., incentivising EV owners to charge at off-peak times determined by grid
analytics).

Table: Customer Analytics & Demand-Side Management (Concise)

Category Purpose Grid Impact
Customer data analytics Analyse smart-meter and usage Identifies EV/solar adoption; supports
patterns local grid planning
Al load disaggregation Break down household load by Reveals peak drivers; flags
device (HVAC, EV, appliances) neighbourhoods needing upgrades
Demand response Identify customers likely to shift or Reduces peak demand and operational
targeting reduce load stress
Customer DER integration Enrol EVs, batteries, and smart Provides flexible capacity for grid
devices in utility programmes services
Integrated “Utility Al” Combine customer insights with grid Aligns customer programmes with grid
platforms analytics conditions (e.g., off-peak EV charging)

Real-Time Grid Monitoring and Control Solutions: Beyond the core management
systems, a number of specialised monitoring solutions are in use. This includes high-speed
sensor networks (phasor measurement units or PMUs) with Al-based analysis for stability
monitoring in transmission grids, and IoT sensor platforms for distribution (for instance,
line-mounted sensors that detect disturbances, feeding data to an Al that classifies events
like momentary faults or sagging lines). Several startup companies have provided unique
Al solutions here — for example, a startup might offer an Al that listens to the “sound” on



a power line (through high-frequency data) to detect arcing before a failure occurs. These
tools often fill gaps that big systems don’t cover in detail. By 2025, forward-looking
utilities have at least trialed such technologies on critical feeders or substations. We also
see Al-integrated Distributed Energy Controllers at microgrid or campus levels, which
ensure local reliability and can island from the main grid in emergencies — these controllers
use predictive algorithms to manage generation and storage locally.

o Integrated Platforms (“Single Pane of Glass” Solutions): A recent trend is vendors
marketing unified platforms that combine multiple functions — planning, operations, asset
management — into one Al-enabled environment. For example, Schneider Electric’s newly
launched One Digital Grid platform (2025) is an Al-enabled suite that spans network
planning, real-time operations, and asset analytics in a modular fashion. GE Vernova
similarly markets GridOS, which it calls an “orchestration software portfolio” covering
DERMS, ADMS, and data analytics under one umbrella. The idea is to break down silos
and have interoperability out-of-the-box. Utilities have shown interest in such integrated
solutions to reduce complexity. However, many still operate a patchwork of systems due
to legacy choices and staged upgrades; fully integrated deployments are more common in
greenfield projects or smaller utilities making a big leap.

Key Players: Vendors and Providers

The competitive landscape in 2025 features a mix of established industry players, big tech
entrants, and specialised startups/scale-ups. Below is a snapshot of major categories of players:

e Grid Technology Giants: Traditional providers of grid control and automation equipment
have all pivoted to software and Al solutions:

o General Electric (GE Vernova): Long-time provider of grid control systems
(EMS/SCADA, protection, etc.), GE has consolidated its software into the GridOS
platform. It now offers ADMS, DERMS, and analytics under this brand. GE’s
acquisition of startup Opus One in 2021 bolstered its DER orchestration
capabilities, and in 2025 GE acquired an Al visual analytics firm (Alteia) to
enhance its grid asset analytics with image processing (e.g., using Al to analyse
drone inspection images of power lines). GE emphasizes end-to-end solutions and
often partners with cloud providers (like Microsoft Azure) for scalable
deployments.

o Siemens AG: Through its Smart Infrastructure division, Siemens is a leading
supplier of grid management software (e.g., the Spectrum Power ADMS). Siemens



has incorporated Al in areas like load and renewables forecasting and has a strong
presence in Europe and Asia. They often highlight their solutions in conjunction
with IoT (MindSphere, their IoT platform) and have demonstrated digital twin
capabilities via partnerships (e.g., working with Bentley Systems on grid digital
twins for planning). Siemens also invested in startup networks — for instance, it has
partnerships or minority stakes in some innovative grid software firms.

Schneider Electric: Schneider, a global energy technology company, has
historically provided distribution network equipment and software (EcoStruxure
ADMS). In recent years, Schneider made strategic acquisitions (most notably
AutoGrid in 2022, which was a pioneer in Al-driven DER and demand response
management). In 2025, Schneider launched the One Digital Grid platform (as
mentioned), signalling its push for a unified Al-enabled utility software stack.
Schneider’s solutions stress integration without needing to rip-and-replace existing
systems, appealing to utilities wanting gradual modernisation.

Hitachi Energy: Formerly ABB’s Power Grids division (now a Hitachi
subsidiary), Hitachi Energy offers software like Network Manager (for
transmission and distribution control) and has been integrating Hitachi’s Lumada
[0T/Al capabilities. They acquired a Canadian software firm (Solibre/ABB Ability
DERMS) and also invested in grid analytics. Hitachi’s angle is often combining
operational OT expertise with Japanese I'T/Al know-how. By 2025, Hitachi Energy
has introduced Al features for wide-area grid stability (critical for large
transmission networks) and is active in grid-edge solutions in partnership with
utilities in Europe and Asia.

Oracle Utilities: Oracle, known for its enterprise IT, has a utilities division
providing systems like Customer Information Systems and meter data management.
They have also moved into grid operations software via their acquisition of Opower
(2016, for customer analytics) and through developing distribution planning and
DER management modules. Oracle’s strength is leveraging its cloud infrastructure
and database expertise to handle the massive data utilities have. For instance,
Oracle offers cloud-based analytics for meter data to detect theft or anomalies, and
recently has been rolling out an advanced distribution management platform with
Al for outage management. Oracle’s presence is strong in North America,
particularly among investor-owned utilities that already use its customer systems.

IBM and Other IT Giants: IBM has been involved in utility analytics through its
Maximo APM (for asset management) and weather data services (IBM’s The
Weather Company provides tailored weather feeds to utilities for outage



prediction). IBM also offers consulting and custom Al solutions, for example
working with utilities to develop Al models for vegetation management or grid
optimisation. While IBM doesn’t sell a one-size-fits-all grid platform like GE or
Siemens, it often partners with utilities on bespoke projects or provides middleware.
Similarly, other IT giants like Microsoft and Amazon (AWS) don’t sell grid
software per se, but they provide the cloud and Al toolkits. Microsoft Azure, for
instance, has an “Energy Cloud” strategy, partnering with companies like GE,
Schneider, and others to host their solutions and providing services like Azure
Machine Learning for utility data science teams. AWS has some specific offerings
and partnerships (like with IoT sensor firms or for data lake creation for utilities).
By 2025, many utilities have strategic alliances with one of the big cloud providers
to support their digital initiatives, effectively bringing these tech companies into
the landscape as key enablers.

o Specialist Software Firms and Startups: Alongside the giants, numerous smaller firms
specialise in particular niches:

o

Analytics-Focused Startups: Companies like Grid4C (from Texas) specialize in
Al analytics for utilities, such as analyzing smart meter data to predict device
failures or to do granular load forecasting. Grid4C’s Al algorithms model each
meter and have been used by utilities to detect issues on the grid edge (like
identifying malfunctioning transformers based on pattern deviations). Another
example, BluWave-ai (Canada), provides Al-driven optimisation for managing
renewable energy and EV loads on distribution networks; it has solutions that sit at
substations (“edge AI”) to forecast local demand and coordinate with a central
platform.

DER and VPP Innovators: Beyond AutoGrid (now part of Schneider) and Opus
One (part of GE), other startups like Enbala (acquired by Generac), Next
Kraftwerke (a German VPP specialist acquired by Shell), and Peak
Power (Canada) have contributed to VPP technology. New entrants as of mid-
2020s include companies focusing on specific DER types, like EV charging
orchestration (e.g., startups offering Al to coordinate large EV charging depots with
minimal grid impact) and home energy management firms that aggregate
appliances as grid assets.

Asset Monitoring and IoT: Startups such as Gridware (U.S.) have developed
hardware+Al solutions (Gridware provides pole-mounted sensors with an Al
backend to detect anomalies like oscillations or electrical discharges on distribution
lines that could indicate imminent failures). LineVision offers non-contact sensors



with Al analytics to dynamically rate transmission lines and detect issues like
sagging conductors. mPrest (an Isracli company known for defence-origin
software) adapted its platform for utilities — it’s famously used by the New York
Power Authority as an “Asset Health Management” system with Al correlations for
predictive maintenance. These specialised players often partner with utilities in
pilot projects and then scale up if successful.

o Renewable and Grid Planning Analytics: Companies like Utopus Insights (a
spin-off acquired by Vestas) focus on renewable energy forecasting and grid
analytics to integrate renewables. Envelio (Germany, acquired by E.ON utility)
built an “Intelligent Grid Platform” to help automate distribution grid planning
processes (like evaluating new solar connection requests using a digital model of
the grid). Their presence shows how utilities even acquire startups to internalise
important Al tools. Neara (originated in Australia) provides 3D grid modelling
software that uses Al to simulate physical stresses and has been used to improve
resilience (e.g., evaluating if powerlines can withstand storms or need reinforcing).

o Al Software Vendors (sector-agnostic applying to energy): There are also data
science companies and enterprise Al platforms (like C3 Al, Uptake, etc.) that have
dedicated utility practices. C3 Al, for instance, has an “Al Suite” and has engaged
with some large utilities to develop custom Al applications from predicting meter
failures to optimising generation dispatch. These companies bring strong Al
credentials and flexible platforms, though they often need to partner with a domain
expert or have in-house teams with utility knowledge to make a meaningful impact.

Utility In-House Developments and Collaborations: Some large utilities, especially in
Europe, have built their own analytics teams and even software. For example, France’s
EDF created software for wind forecasting and grid load management in-house, which it
now markets to others. Alliances and consortiums also play a role: the Open Power Al
(OPAI) Consortium launched by the European utility association Eurelectric (in
cooperation with EPRI in the US) aims to pool resources to develop Al solutions for
common grid problems. Open-source projects under LF Energy (like “Grid eXchange
Fabric” for data sharing, or “PowSyBI” for grid simulation) though not Al themselves,
create the environment for Al tools to plug in. By 2025, utilities are much more open to
collaboration, recognising that developing everything alone is inefficient. This has led to a
blur in the landscape where certain tools are co-developed by multiple utilities (with or
without a vendor). For the market, this means while vendors sell products, some utilities
are opting for custom or shared solutions, especially in Europe.



Deployment Models (On-Premises vs Cloud, etc.)

Historically, utility software was hosted on-premises in utility data centers due to reliability and
security. This is changing:

Cloud Adoption: An estimated majority of utilities by 2025 are using cloud computing in
some capacity for grid analytics. Non-real-time and non-mission-critical applications (like
long-term planning studies, or training Al models on historical data) are commonly done
in the cloud. For example, a utility might use a cloud-based analytics platform to crunch
years of AMI (smart meter) data and derive consumption patterns. Cloud offers scalability
which is crucial for Al tasks that may involve very large datasets or require burst computing
power.
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More ambitiously, some utilities have started moving operational systems to cloud or
hybrid-cloud. There are instances of smaller utilities running their outage management or
DER management systems in a secure cloud environment provided by the vendor or a
cloud partner. The biggest concerns — latency and security — are being addressed gradually:
cloud providers have special secure offerings and edge computing options that keep critical
control near the grid while leveraging the cloud for heavy analytics. By 2025, we see
a hybrid model prevailing: critical real-time control remains on-prem or at the edge
(substation automation, protective relays unaffected by cloud), whereas supervisory
control and analytical layers can be cloud-hosted. Vendors like GE and Schneider have
introduced cloud versions or cloud extensions of their platforms (for instance, “GridOS
Data Fabric” by GE is a cloud-based data management layer, while the core ADMS might
still run on-prem).



Regional regulatory attitudes differ: U.S. regulators have generally allowed cloud expenses
in the rate base (recently acknowledging software-as-a-service costs similar to capital
investments), which accelerates cloud uptake. In contrast, some European utilities,
especially in critical transmission operations, remain more conservative about cloud for
control, though they use it for analytics.

Edge Computing: To complement centralised cloud, edge computing devices are
increasingly deployed. These are intelligent controllers or computers installed in the field
(like at substations or even on feeders) that run Al algorithms locally, reducing the need to
send all data back to a central location. Examples include an edge Al device that monitors
a specific feeder for anomalies and only sends alerts rather than raw data, or a battery
energy storage system with an embedded Al controller that can autonomously respond to
frequency deviations in milliseconds. The edge approach helps overcome latency issues
and also enhances resilience (if the central system is unreachable, the edge can still manage
some tasks). Many solutions now advertise an “edge-to-cloud” architecture: heavy
computations distributed appropriately. As of 2025, utilities are gradually adding edge Al
in areas like EV charging sites, large PV plants, and substations with high DER penetration.

Software as a Service (SaaS): There’s a clear trend towards SaaS models for certain
applications. Instead of buying a perpetual license and installing on-prem, utilities
subscribe to services — especially for things like weather-related analytics, energy
forecasting, or customer analytics. A vendor will host the solution and provide continuous
updates. This model is attractive to utilities that lack large IT departments or want quicker
deployment. It also aligns with how many Al products evolve (with frequent model
retraining or updates). However, for core control software (like an ADMS), SaaS is still
not the norm due to the mission-critical nature — those are more often long-term licenses
with maintenance agreements, possibly vendor-hosted private cloud but not multi-tenant
SaaS in a public environment.

Pilot Projects vs Enterprise Rollout: The landscape in 2025 still has many utilities in
pilot or early rollout stages for Al/analytics projects. It’s common to find, for example, a
utility running a pilot of an Al outage prediction tool on a subset of its territory, or using a
DER orchestration platform in one region or with volunteer customers before scaling to all
customers. Enterprise-wide rollouts of Al platforms are happening primarily in the largest
utilities that began early (some European utilities with multi-year digital programs, or large
U.S. investor-owned utilities that started analytics initiatives in the late 2010s). Many mid-
sized and smaller utilities rely on vendor-driven pilots or government-funded
demonstration projects to validate solutions before committing fully. This means the
market has a mix of revenue streams: smaller contracts for pilots, and a growing number
of big contracts for full deployments as early adopters scale up.



Adoption Status

By end of 2025, how prevalent are Al-driven grid solutions in utilities? A few observations:

Virtually all large T&D utilities have adopted at least one form of advanced analytics or
Al in their operations. It might be as focused as using machine learning for solar
forecasting, or as broad as a full ADMS upgrade with Al features. The level of penetration
varies widely by region and company. North American and European utilities generally
lead in number of use cases implemented.

A critical mass of utilities have fully deployed foundational technologies like smart
metering and advanced sensors, which was a necessary precursor to Al. For example,
the U.S. surpassed a 50% penetration of smart meters several years ago and is heading
toward ~80-90% within this decade; Europe mandated smart meters in many countries
(Italy, Nordics, UK, etc. completed or close to complete). This provides the raw data that
many analytics require and has accelerated adoption of analytics to make use of that data.
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Use case maturity varies: Outage management analytics and renewable forecasting are
relatively mature — numerous vendors and proven solutions exist, and many utilities have
something in place. On the other hand, cutting-edge ideas like using Al for real-time
autonomous grid control are still in exploratory or pilot phases at only a handful of
innovative utilities or research labs. DER orchestration sits in between: some regions (like
parts of Germany, Australia, California) have made it an urgent priority and have live DER
management systems, whereas others are still just laying the groundwork or waiting on
regulatory drivers.



e Geographical disparities: (We will detail more in the regional section) but briefly,
adoption is not uniform. Developed countries generally are ahead, but even within regions
there’s disparity — e.g., some U.S. municipal and cooperative utilities (smaller ones) have
much less deployed than the large investor-owned ones. In Europe, utilities in countries
with high renewables (Germany, Denmark, Spain) or aggressive EV adoption (Norway,
Netherlands) have had to innovate faster. Meanwhile, some developing countries are in
earlier stages: focusing on grid basics like reducing outages and losses, though they begin
to pilot Al for things like theft detection or solar forecasting since those can be high-impact
in their context.

o The market is witnessing increasing collaboration between utilities and tech firms. It’s
common now to see joint announcements: a utility teaming with a digital startup on an
innovation project, or multiple utilities joining a consortium to test an Al tool, often with
academic partners (e.g., universities developing novel algorithms). This collaborative
ecosystem means knowledge is spreading, and solutions proven in one place can quickly
be considered elsewhere, quickening the adoption curve relative to past tech cycles.

In summary, the current landscape is dynamic and growing. Utilities that were early movers are
starting to reap tangible benefits (reduced outages, cost savings, etc.) and are expanding their
deployments, while those who lag are under pressure to catch up to meet the new grid challenges.
Vendors, sensing the opportunity, have ramped up their offerings and often re-branded themselves
as digital solution providers rather than just equipment suppliers. The stage is set for significant
growth and competitive activity going forward, with the groundwork laid by the deployments and
lessons of the early 2020s.



5. Regional Analysis

While the transformation toward Al-enabled grid analytics is global, regional differences in policy,
grid structure, and market dynamics shape the pace and focus of adoption. In this section, we
examine regional trends, with particular emphasis on the United States and Europe, followed by
insights into other key regions (Asia-Pacific and others).

North America (United States and Canada)

United States: The U.S. is a leading market for Al-driven grid software, characterized by a mix
of innovation hubs and pressing grid challenges. Several factors influence the U.S. landscape:

e Policy and Regulation: At the federal level, initiatives have encouraged smart grid
development (for instance, past stimulus funding for smart meters, and more recently the
Infrastructure Law of 2021 which allocated billions for grid modernization and resilience).
FERC Order 2222, as mentioned, is a major policy enabling DER aggregations in
wholesale markets — this has accelerated interest in DER orchestration solutions, especially
in regions like California (CAISO) and New York (NYISO) which moved early to comply.
State regulators also play a big role. States like California, New York, Massachusetts, and
Hawaii have been pro-active: they set requirements for utilities to incorporate distributed
resources, invest in grid innovation, and meet clean energy goals. California’s regulators,
grappling with wildfire prevention and reliability after rolling blackouts, have pushed
utilities (PG&E, SCE, SDG&E) to adopt technologies like predictive wildfire risk analytics
(using Al on weather and sensor data) and fast isolation systems. New York’s “Reforming
the Energy Vision (REV)” policy explicitly envisioned a more data-driven, distributed grid,
prompting utilities there to pilot VPPs and market platforms.

e Grid Challenges and Drivers: The U.S. grid is aging and under strain from both extreme
weather (hurricanes in the Southeast, wildfires and heat waves in the West) and new loads
(EVs are taking off rapidly, particularly in coastal states). Outages have been on an upward
trend over the past decade in terms of total customer-hours out — which has made reliability
a hot issue. For example, the Texas winter storm in 2021 and various hurricane-related
outages highlighted the need for better prediction and management. Consequently, U.S.
utilities have been early adopters of outage prediction Al and distributed self-healing
schemes. On the DER side, the U.S. has pockets of very high DER: California leads in
behind-the-meter solar (over 10 GW of residential solar) and now has policies mandating
solar+storage in new buildings. Several utilities (like Duke Energy, Hawaii’s HECO, and
others) have put DERMS in place to handle this. Additionally, the rapid expansion of data
centers (driven by cloud computing and Al itself!) is a unique U.S. challenge — large data
centers cluster in areas like Northern Virginia, drawing immense power and requiring



smarter grid management to connect quickly. This has led some utilities to use analytics to
find latent grid capacity and optimise connections (one startup, for example, focuses on
identifying unused grid capacity in California to help site new data centers without costly
upgrades).

Adoption Status: Many large U.S. utilities have embraced Al pilots or deployments. For
instance, Florida Power & Light (FPL) has been known for its innovative approach,
using machine learning for predictive maintenance and deploying thousands of intelligent
devices on feeders to isolate faults (their “smart grid” investments over the past decade
have yielded measurable reliability improvements). Duke Energy has multiple programs,
from drone-based Al inspections to an enterprise analytics platform monitoring its fleet of
assets across several states. The Texas utilities, after the 2021 crisis, invested heavily in
more advanced load forecasting and gas-electric coordination tools (some leveraging Al to
foresee fuel or generation shortages). In the Midwest, some utilities use Al for storm impact
forecasting, pre-staging crews more efficiently. On the consumer side, companies like
Oracle and Bidgely provide disaggregation and targeting analytics to many utilities, so U.S.
consumers might notice they get high usage alerts or appliance-level insights — those are
powered by Al behind the scenes and also feed into grid planning (e.g., the utility learns
how many EVs are charging in its territory).

Table: Al Adoption Status Among U.S. Utilities (Concise Summary)

Utility / Segment

Florida Power & Light (FPL)

Duke Energy

Texas Utilities (ERCOT region)

Al [ Analytics Use Case

Predictive maintenance;
intelligent feeder devices for

fault isolation

Drone-based Al inspections;

enterprise-wide asset analytics

Advanced load forecasting; gas—

Impact / Outcome

Improved reliability; faster fault

detection and sectionalisation

Enhanced asset monitoring across
multiple states; reduced manual

inspection needs

Better preparedness for extreme

electric coordination tools post- weather; improved resource

2021 adequacy planning
Midwest Utilities

Storm impact forecasting; Al- More efficient outage response and

driven crew pre-staging reduced restoration times

Customer Analytics Vendors Load disaggregation; usage Supports customer engagement and

(Oracle, Bidgely) alerts; EV/solar detection informs grid planning (e.g., EV

clustering)

Competitive environment: The U.S. hosts numerous startups in Silicon Valley and
beyond focusing on the intersection of Al and energy, as illustrated earlier. There is also
significant venture capital in this space (utility corporate venture arms like National Grid
Partners, NextEra’s Energy Resources, and others have collectively invested hundreds of



millions into grid tech startups). This robust ecosystem means utilities have many options
and often run competitive demonstrations between solutions. In addition, the U.S. grid
vendor market has both the big international players and strong domestic contributors (for
example, ACS (now a part of Indra) historically in ADMS, or EPRI facilitating utility-led
development).

Canada: While smaller in market size, Canadian utilities also push innovation, often
paralleling U.S. trends. Ontario’s utilities, for instance, have high smart meter penetration
and have used analytics for time-of-use pricing and detecting losses. Hydro-Québec, a large
hydro-based utility, has unique needs like managing remote networks in extreme cold —
they’ve explored Al for asset maintenance to prevent failures in harsh conditions. Canada
also has significant renewable integration in some provinces and vibrant tech hubs
(Toronto, Montreal, Vancouver) where grid-Al startups (like Opus One, Awesense, etc.)
originated. The regulatory environment in Canada varies by province, but generally, there
is support for grid modernisation to meet climate targets and improve resilience, similar to
U.S. drivers.

Overall, North America combines strong market-driven innovation (through competition and
VC funding) with policy nudges, resulting in a lively adoption of Al in grid operations. The
emphasis is often on reliability (keeping the lights on under stress) and integrating new resources
(renewables, EVs) efficiently. The scale of the grid and diversity of climates lead to a wide array

of use cases being tested.

Europe

Europe’s approach to Al-driven grid analytics is shaped by its policy-forward stance on climate
and digitalisation, a fragmented utility landscape, and high levels of renewable penetration in

many countries.

Policy and Regulatory Framework: The EU has been very proactive in both climate and
digital policy. European utilities operate under mandates to dramatically cut CO2
emissions and integrate renewables (the EU’s target of 40% renewables by 2030, now
being raised even further in many proposals). This has meant that countries like Germany,
Spain, Italy, and Denmark already have days where renewable generation (wind/solar)
supplies the majority of power, stressing grid management. The EU also pushes cross-
border electricity market integration, which requires sophisticated software to manage
power flows across countries. On the digital side, the European Commission has
recognised the role of Al: it is working on a Strategic Roadmap for Digitalization of
Energy (as referenced by Eurelectric), which includes fostering Al deployment in energy
while ensuring proper governance. Additionally, the proposed EU AI Act — expected to



come into effect around 2025/2026 — will classify Al applications by risk. Grid
management Al might be considered high-risk since it deals with critical infrastructure,
implying providers will need to meet requirements for transparency and robustness. This
regulatory clarity is still forming, and utilities are engaged in pilots to inform it. Another
important factor is data sharing regulations: Europe’s GDPR affects smart meter data
usage (requiring anonymisation or consent for certain uses), and upcoming rules like the
EU Data Act aim to make industrial data more accessible for innovation, which could lower
barriers for third-party analytics providers to work with utility data (with proper
safeguards).

Renewables and DER Integration Needs: Europe has some of the highest renewable
penetrations globally. For example, Germany at times gets over 50% of instantaneous
power from wind and solar, Denmark even higher with wind, and Spain has rapidly
increased solar and wind. This has forced adoption of advanced forecasting (German TSOs
use Al enhanced forecasts to schedule reserve power), and dynamic grid management (like
adjusting wind farm outputs to manage grid stability in real time). Countries have also
developed novel approaches like Reinforcement learning pilots for grid voltage control
in Italy, or using Al to optimise cross-border trading schedules to handle wind volatility in
Northern Europe. Europe is also a leader in smart inverter standards — e.g., Germany’s
grid code requires solar inverters to support grid by providing certain controls, and Al is
used by some inverter companies to improve how inverters collectively respond to grid
frequency or voltage issues.
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Grid Reliability and Resilience: European grids are generally very reliable (urban Europe
has less frequent outages than North America on average), but climate change is bringing
new stresses (heatwaves causing stress in southern grids, storms in North Sea region, etc.).
Additionally, the war in Ukraine has led to more focus on grid resilience and flexibility to
manage energy supply changes (for instance, suddenly having to integrate more renewables



and imported LNG in place of steady gas plants). Al is being eyed for enhancing resilience,
like predictive maintenance to avoid blackouts and ensuring optimal usage of
interconnectors (the big power lines between countries) when there are regional shortfalls
or excesses. Some European TSOs are using Al for dynamic line rating — adjusting
transmission limits in real time based on weather to safely get more capacity, which has
been important when power has to be re-routed due to one region’s shortage.

Utility Structure: Europe has a mix of large multinational utilities (Enel, EDF, E.ON,
Iberdrola, etc.) and many smaller DSOs (distribution system operators) especially after
unbundling in the EU (where generation, transmission, distribution, and retail may be
separate companies). The larger players often drive innovation:

o Enel (Italy) has a global footprint and invested heavily in digital grid solutions,
including an in-house platform called “Network Digital Twin” and various Al
projects, and even ventures like Grid Blue Sky. Enel’s Spanish subsidiary Endesa
tested advanced outage prediction models.

o E.ON (Germany) as a DSO serving millions, acquired startups (like Envelio
mentioned) to improve grid planning with Al, and runs projects on using smart
meter data for real-time load management in Germany and the UK.

o EDF (France) has R&D programs on Al for predictive maintenance of its
transmission network and nuclear plants, and its subsidiary Enedis (which manages
most of France’s distribution) deployed a national smart meter system (Linky) that
unlocks data for Al —e.g., Enedis is exploring using meter voltage data to pinpoint
grid issues automatically.

o Smaller DSOs in Europe often collaborate through EU-funded pilot projects. For
example, several DSOs might join a Horizon2020 project to trial a new Al-based
voltage control scheme, sharing costs and results. This collaborative innovation is
a hallmark of Europe.

DER and Flexibility Markets: Europe has been establishing local flexibility markets
where DER owners or demand response can get paid for supporting the grid. The UK, for
example, through its Distribution System Operator transition, has created auction platforms
for local congestion management — these rely on software platforms that utilise Al to
forecast needs and evaluate bids. Companies like Piclo (UK) offer marketplaces for
flexibility which interface with Al forecasts. In the Netherlands, start-ups
like Sympower work with grid companies to turn industrial flexible loads into
dispatchable assets through Al. Aggregation is advanced: Next Kraftwerke (Germany)



runs one of the world’s largest VPPs, using Al to optimally dispatch thousands of biogas,
solar, and flexible load units per market signals.

Adoption and Examples: Countries like Italy and Sweden completed nationwide smart
meter rollouts early and are on second-generation meters now, so they have a rich data
environment and have applied analytics for theft detection and operational efficiency
(Italy’s Enel, in early 2010s, dramatically reduced power theft using pattern detection
algorithms on meter data). The UK has seen the use of Al for predictive cable fault
detection in London (UK Power Networks had a project where Al predicted which
underground cable sections were prone to fail using partial discharge sensors and weather
data). Spain’s Red Eléctrica (transmission operator) uses Al-enhanced models to manage
frequency with the high share of wind and solar. On outage management: since routine
outages are less frequent in many parts of Europe, the focus is more on extreme events —
e.g., French utilities using Al to optimise storm recovery (estimating which areas will be
hit worst by an incoming windstorm and pre-positioning crews). Another interesting
trend: AI and generative Al in customer service for outages — for instance, a few
European utilities started using chatbots with Al to handle customer outage calls or inform
them, which indirectly ties into grid ops by relieving call centers and providing consistent
info drawn from outage management systems.

European Adoption of Smart Meters Enabling Al-Driven Grid Analytics
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Big Tech and Partnerships: European entities also partner with global tech. Google’s
DeepMind famously partnered with the UK’s National Grid ESO to explore using Al for
balancing the grid (this was a research partnership; results are not fully public, but they
looked at using deep reinforcement learning to optimise operations). Also, several
European TSOs and DSOs use Microsoft Azure or AWS for their analytics sandbox
environments, though production control might remain on private systems.



In summary, Europe’s grid analytics adoption is strongly driven by the urgent need to integrate
renewables reliably and the top-down push from policies. European utilities often
emphasize collaboration, open data, and standardized approaches (for example, many use the
IEC CIM standard for data, which helps in implementing vendor-agnostic Al tools). The region
also has a keen focus on ensuring that Al aligns with reliability and safety standards, sometimes
making the deployment a bit more methodical and rigorous. But with the EU’s climate goals and
energy transition timeline, the expectation is that Al and digital solutions are absolutely essential,
leading to continued growth and government-backed support for innovation in this space.

Asia-Pacific

The Asia-Pacific region is diverse, ranging from highly developed markets with cutting-edge smart
grids to developing systems focusing on basic electrification and loss reduction. We highlight a
few major players and trends:

e China: Asthe world’s largest power system, China’s grid developments are vast. The State
Grid Corporation of China (SGCC) and China Southern Grid, the two main grid companies,
have been investing heavily in “smart grid” and now “energy internet” initiatives. China’s
drivers include integrating renewables (China leads globally in wind and solar capacity),
managing enormous urban load growth, and improving reliability and efficiency across a
huge network.

China has built out extensive fiber-optic communications to substations and advanced
monitoring (PMUs across the transmission network), enabling a form of wide-area
situational awareness. Chinese companies and research institutes are developing Al for grid
management — for instance, using Al for voltage stability analysis on their ultra-high-
voltage (UHV) transmission lines, which span long distances and connect remote
renewables to cities. With massive scale renewable farms in Inner Mongolia, Xinjiang,
etc., forecasting and dispatch optimisation is critical; Chinese grid operators use custom Al
models to forecast renewable output and loads across different provinces (often these
models come from state-sponsored research programs).

Another focus in China is distribution automation in rapidly urbanizing areas. Cities
like Shanghai and Beijing have near state-of-the-art distribution control centers with outage
management systems, and they are starting to layer Al for predictive maintenance (for
underground cable networks for example). The Chinese grid also deals with industrial load
clusters and now a burgeoning EV market (China has the largest EV fleet in the
world). Smart charging management is being addressed by tech giants like Huawei and
Alibaba, which have energy cloud divisions providing platforms to coordinate EV charging
using Al (ensuring grid constraints are respected while meeting drivers’ needs).



The government’s support for Al is broad (China’s national Al strategy) and includes
energy applications. We see grid companies partnering with Chinese Al firms or
universities — e.g., Tsinghua University working on power system Al algorithms. While
much of this happens behind closed doors, some stats emerge: For example, State Grid’s
digitalisation program reportedly has reduced average outage times significantly in pilot
cities through predictive analytics. Also, post-COVID stimulus in China included digital
infrastructure investments, benefiting grid tech upgrades.

Chinese vendors like Huawei and NARI (a State Grid subsidiary) supply integrated
solutions (Huawei sells an Al-driven distributed grid management system as part of its
“FusionSolar” and power loT offerings, while NARI provides the software that State Grid
uses internally, likely with AI modules developed in-house). China’s approach tends to
be vertically integrated — State Grid often develops or commissions its own tech, deploys
it at scale, and might then export it. We’ve seen Chinese companies exporting smart grid
solutions (to parts of Asia and Africa), which increasingly include AI aspects like
automated fault detection and remote control.

Japan: Japanese utilities have traditionally been conservative but are changing in the face
of deregulation and renewable targets. Japan’s grid challenges were underscored after the
2011 Fukushima disaster — resource mix changed (more renewables, plus reconfiguration
after nuclear shutdowns). Now, with a goal of carbon neutrality by 2050, utilities like
TEPCO, KEPCO, etc., are exploring advanced grid management to integrate solar
(especially rooftop PV which has grown with feed-in tariffs) and to improve resilience
against natural disasters (earthquakes, typhoons).

Table: Japan — Al & Grid Modernisation Overview (Concise Summary)

Category Key Developments Grid Impact
Renewables integration Rising rooftop PV adoption; regional grid isolation Drives need for Al-based demand
& grid balancing limits interconnection; curtailment issues in Kyushu response, DER coordination, and

smarter curtailment management

Smart meter Millions of meters rolled out nationwide; utilities Enables forecasting, customer
deployment now leveraging data for analytics insights, and predictive failure
detection

Al for maintenance & Hitachi, Fujitsu pilots for predictive substation Reduces failures and targets

asset management equipment maintenance upgrades for aging infrastructure

Disaster resilience & Al-supported restoration planning post- Speeds recovery after natural

restoration earthquakes/typhoons; TEPCO drone + Al image disasters and improves situational
analysis for line inspections awareness

Advanced grid Toshiba, Mitsubishi Electric incorporating Al in Enhances fault detection accuracy

equipment & protection relays and monitoring systems and reduces unnecessary outages



Japan has deployed millions of smart meters and is now looking at how to best use the data.
Companies like Hitachi and Fujitsu have worked on Al pilots with utilities — for example,
predictive maintenance for aging substation equipment and using Al to optimise restoration
plans after disasters (Japan has had experiences of wide-area blackouts from earthquakes,
so any help in speeding restoration is valuable). Also, with Japan’s isolated grid regions
(the country is divided into regional utility territories with limited interconnections),
balancing supply-demand with more renewables has led to interest in Al for demand
response and distributed resource coordination. For instance, Kyushu region sometimes
has excess solar and has to curtail it; Al could help manage such curtailments more smartly
by engaging controllable loads or storage before cutting solar.

Culturally, Japanese engineering focuses on high reliability — thus, adoption of Al comes
with heavy testing and validation. Some initiatives are tied to the concept of “Society 5.0”
which Japan promotes, integrating Al and IoT in infrastructure. We see early adoption
in automated grid monitoring: TEPCO, for example, invested in drones and Al image
analysis to inspect transmission lines in mountainous terrain, aiming to reduce labor-
intensive patrols. And Japanese manufacturers (e.g., Toshiba, Mitsubishi Electric) are
incorporating Al in their grid equipment offerings — like advanced protective relays that
use Al to more accurately distinguish between faults and non-threatening disturbances, to
avoid unnecessary outages.

Australia and New Zealand: Australia has one of the highest penetrations of rooftop solar
in the world (over 30% of homes in some regions have PV). This, combined with a
stretched grid (long distances, relatively low density in places), has made Australia a
testbed for DER orchestration and microgrid solutions. The state of South Australia, which
at times runs near 100% solar and wind, has had to deploy advanced control schemes. The
Australian Energy Market Operator (AEMO) has been at the forefront of integrating
distributed solar — they recently implemented a world-first capability to remotely curtail
rooftop PV in emergencies to stabilize the grid (essentially an orchestration at state level).

Australia also saw early virtual power plant (VPP) trials: the Tesla VPP in South
Australia, aggregating thousands of home batteries, is operational and uses cloud-based
control algorithms to respond to grid needs (like providing fast frequency response faster
than traditional power plants). Several startups like Greensync (Australia)developed DER
marketplaces and Al-driven coordination tools (Greensync’s product was adopted in
Victoria to help manage network constraints with customer batteries).

Networks like Ausgrid and Energex have used machine learning to predict where network
augmentation will be needed by analyzing solar and load growth patterns. The robust solar
resource also means solar forecasting with Al is valuable to them. Additionally, Australia’s



frequent bushfires and storms mean outage management is critical — some networks
implemented intelligent fault detection devices on lines that cut power if they detect
anomalies, using pattern recognition to sense something like a tree branch strike (to prevent

fires).

New Zealand, with its renewable-heavy grid (mostly hydro and growing wind and
geothermal), has a strong focus on demand response and energy management. They have
smaller scale, but even there, companies like Vector (an Auckland lines company) have
innovated with battery systems and Al to defer network upgrades.

Other Asia-Pacific regions:

o

South Koreais a tech-savvy country with reliable power. KEPCO (the main
utility) has a smart grid roadmap aligned with the government’s digital New Deal.
They have a fully integrated system and are exploring Al for optimising grid
operations as they increase renewable share (Korea is pushing offshore wind and
solar). Korean companies like KEPCO Research Institute have done work on Al-
based voltage control and diagnostics (Korea’s also strong in robotics, which ties
in — like automated substation inspections).

India: India’s grid is undergoing rapid changes with massive renewable energy
additions (the government’s ambitious 175 GW renewables target, now aiming for
450 GW). The primary challenges are managing grid reliability amid growth,
reducing losses, and integrating solar/wind that are coming up in large parks. Al is
being tested mainly for predicting equipment failure (to reduce outages in a system
where blackouts have been more common) and for power theft detection —
discoms (distribution companies) in India face significant losses from theft and
have started to use analytics on meter data to identify irregular consumption
patterns and catch theft or tampering. Some Indian states installed smart meters
recently and immediately implemented Al-based analysis to improve billing and
reduce loss. Another use is solar forecasting — India now has an centralized
renewable forecasting system to help its grid operators manage variability, often
using Al models tuned to local monsoon weather patterns. While the adoption of
cutting-edge Al in operations is in nascent stages, the potential is huge and the
government has begun to support smart grids through initiatives like the National
Smart Grid Mission.

Southeast Asia: Countries here are at varying stages. Singapore, as a small
advanced grid, is adopting Al for things like condition monitoring (their utility SP
Group has a digital transformation plan). They’ve even launched a marketplace for



renewable energy certificates that uses blockchain — showing their tech-forward
approach, which can dovetail with grid management. In contrast, countries like
Vietnam or Indonesia are still expanding electrification and have basic SCADA in
many places, but even there, the introduction of renewables (Vietnam had a solar
boom) is prompting interest in better forecasting and grid control tools.

Common theme in APAC: Many Asia-Pacific nations have strong government-driven
projects. Whether it’s China’s state-driven approach or India’s mission-mode programs or
Japan’s national strategies, these can fast-track adoption by providing funding and clear
targets. Also, some APAC utilities leapfrog by adopting proven tech from U.S./Europe —
for instance, using established software rather than building in-house. However, local
context (climate, grid topology) means they often need to retrain AI models or tweak
solutions to fit.

Middle East and Africa (briefly)

Middle East: Wealthier Gulf countries are modernising grids to handle both growing
consumption and new solar capacity (e.g., UAE, Saudi Arabia are building large solar
farms). They face extreme heat, so grid asset failure (like transformers overheating) is a
concern — Al predictive maintenance is attractive here. Some, like Dubai’s DEWA, pride
themselves on adopting smart city tech; DEWA has launched an Al-powered self-service
for customers and is automating its networks with analytics. Israel (with high tech industry)
has companies like mPrest (discussed) influencing grid management. Generally, Gulf
states have the capital to invest in latest tech and are incorporating Al as part of their vision
to diversify economies into high-tech (Saudi’s “Vision 2030” includes smart
infrastructure).

Africa: Many African countries are in earlier stages of grid development, but there are
pockets of innovation. South Africa, with an aging grid and serious issues like load-
shedding due to generation shortfall, could benefit from better load management; Eskom
has explored tools to predict and schedule outages more optimally. In North Africa,
countries like Morocco (with lots of renewables) have started using better forecasting tools.
Also, mini-grids in Africa (for rural electrification) sometimes use smart controllers which
have basic Al to balance solar, battery, and diesel usage most efficiently — a number of
renewable energy start-ups offer such solutions. Still, overall penetration of advanced Al
in grids is low in Africa due to resource constraints; the focus remains on fundamental
improvements (reducing losses, expanding access). However, the leapfrogging
potential is there — for example, as smart meters roll out in places like Nigeria or Kenya,
they might directly employ cloud-based analytics rather than legacy systems.



In conclusion, the global perspective shows each region has its motivations:
o U.S.: Reliability and DER growth, market innovation.
e EU: Climate goals and cross-border integration, with structured regulatory support.

e Asia-Pacific: Huge scale changes (China, India) and technology-forward policies (Japan,
Australia) pushing adoption.

e Others: Selective adoption where relevant to local needs (resilience in Middle East, loss
reduction in developing regions).

Table: Regional Drivers of Al Adoption in Grid Operations (Concise Summary)

Region

United States

European Union

Asia-Pacific

Other Regions

Global Trend

Primary Motivations

Reliability concerns, DER growth,
market-based innovation

Climate targets, cross-border
coordination, strong regulatory

mandates

Large-scale grid expansion (China,
India); technology-forward approaches

(Japan, Australia)

Localised needs: resilience (Middle
East), loss reduction (Latin America,

Africa), modernisation

Increasing grid complexity and digital

visibility

Al Adoption Characteristics

Rapid deployment of forecasting, DERMS,
outage prediction, asset analytics

Advanced renewable forecasting, dynamic
grid control, VPP pilots, inverter-based grid
support

Al for renewable integration, resilience,
demand response, and automation at

massive scale
Targeted use of analytics for efficiency and

reliability improvements

Convergence toward Al becoming standard

in grid operations by 2030

The common thread is that everywhere the grid is becoming more complex and digitally
monitored, which lays the groundwork for AI solutions. Regions that have experienced more
immediate pain points (like blackouts or high DER influx) are moving fastest to implement Al-
driven analytics as remedies. Those with more stable grids are using this moment to gradually
improve efficiency and cost-effectiveness with Al. The expectation is that by 2030, many of the
current regional disparities will shrink as Al becomes a standard tool in grid operations globally,
not just a high-tech experiment.



6. Competitive Landscape

The competitive landscape for Al-driven grid analytics and software is multifaceted, involving
traditional power engineering firms, enterprise software companies, start-ups, and even the utilities
themselves. This section outlines the major categories of competitors, their strategic positioning,
and how competition is evolving.

Incumbent Grid Technology Vendors

Dominant Position: Long-established grid technology providers (GE Vernova, Siemens,
Schneider Electric, Hitachi Energy, ABB (through Hitachi), etc.) hold a dominant position due to
deep domain experience and existing relationships with utilities. They are typically seen as trusted
partners for mission-critical systems. Many utilities already use these vendors’ SCADA,
protection, or control systems, which gives the vendors a foot in the door to upsell Al and analytics
modules.

Strategic Moves: These incumbents have been aggressively expanding and rebranding their
software portfolios:

o They are acquiring specialised software firms to fill capability gaps in Al and DER. E.g.,
Schneider’s acquisition of AutoGrid (Al for DER and demand response) or Hitachi’s
integration of ABB’s digital suite and further enhancements.

o They have established separate software divisions or even new business units (GE Digital
in the past, now part of Vernova; Siemens spun off a “grid software” unit under Smart
Infrastructure) to signal commitment to digital solutions.

o Partnerships: Recognising that they may not be the fastest innovators in pure Al, they
often partner with IT firms (Accenture, Capgemini, Infosys, etc., for implementation;
Microsoft, AWS for cloud; smaller niche Al firms for components). For example, Siemens
partners with Bentley for digital twin planning, Schneider partners with Autodesk’s
AutoCAD for integrating GIS, GE works with AWS for some analytics services.

e Value Proposition: Incumbents emphasize integrated solutions that cover the utility’s
needs end-to-end — sometimes called a “single throat to choke” approach (i.e., the utility
can hold one vendor accountable for the whole system’s performance). They pitch that
their platforms ensure interoperability (within their suite) and reduce integration hassle.
Also, their deep knowledge of utility operational requirements (like safety, regulatory
compliance, real-time performance) is highlighted to differentiate from newer entrants.



o Al Integration vs Core Business: While pushing software, these companies still derive
large revenue from hardware (transformers, switchgear, etc.) and traditional grid projects.
So, one strategic approach is bundling — e.g., when selling primary equipment, including
long-term software/analytics services in the contract (the “XaaS” model — transformer-as-
a-service with monitoring). This bundling leverages their strength in the core business to
promote their new Al offerings.

Competition among incumbents: They compete tightly with each other. For instance, if a utility
issues a tender for a new ADMS with Al capabilities, GE, Siemens, and Schneider (and perhaps
Hitachi or Oracle) might all bid. Each will try to differentiate: GE might tout its North American
footprint and innovation with GridOS; Siemens its European leadership and stable systems;
Schneider its modular One Grid platform and success in reliability improvements; Hitachi Energy
its combined OT/IT expertise and maybe ties to hardware like HVDC or microgrids. Price, local
support, and references from other utilities become deciding factors. Often these deals also
involve systems integrators — companies like Accenture or local engineering firms — partnering
with a vendor, adding another layer of competition via consortiums.

Competition Among Grid Software Incumbents

Vendor [/ Group Key Differentiators Competitive Edge

GE Vernova (GridOS) North American leadership; Viewed as an innovation-driven
cloud-native GridOS; strong

ADMS/DERMS deployments

option for modern, modular grid
platforms
Siemens & Schneider Electric

Siemens: stability, TSO/DSO Strong European reputation;

Hitachi Energy

Systems Integrators (Accenture,

local firms)

heritage; Schneider: modular
DERMS and reliability gains

OT/IT expertise; hardware—
software integration; microgrid &
HVDC capabilities

Deployment, customisation, and

local support

compete on proven performance

and broad utility references

Well-positioned for integrated
system projects and hybrid grid

modernization

Influence tenders via consortiums;
often shape solution design and

vendor selection

Enterprise Software and Big Tech Entrants

Enterprise Software (e.g., Oracle, SAP): Oracle, as noted, has a strong presence on the customer
side (CIS systems) and is leveraging that to move into grid operations. Oracle’s strategy is cloud-
first — encouraging utilities to adopt Oracle Utility Analytics on their cloud, and offering “out-of-
the-box” analytics for things like reliability reporting, asset management KPIs, etc., that tie into



their databases. SAP, while not deeply involved in real-time grid control, plays a role in asset
management and has been infusing predictive analytics into its enterprise asset management
modules (utilities often use SAP for maintenance planning, and SAP has partnered with firms like
Utopia Labs to add sensor analytics). These enterprise providers compete by offering integration
with the utility’s corporate IT — aligning grid data with financial, customer, and work
management data. They position themselves as enablers of utility-wide digital transformation
(where grid analytics is one component but benefit is realized when combined with, say, ERP
systems and customer systems for a holistic view).

Big Tech (Microsoft, AWS, Google): While they generally do not provide utility-specific
applications out-of-the-box, they are increasingly influential via the platforms they provide:

e Cloud platforms: Many utilities are selecting one of these as their primary cloud
environment. So Microsoft Azure, for example, through its dedicated energy industry team,
might not sell a “grid Al app,” but they will work closely with a utility and its vendors to
implement solutions on Azure. Microsoft has even co-developed reference architectures
for DER management or meter analytics on Azure. Similarly, AWS has an energy team
which has created toolkits (like AWS Data Lake for Energy, which helps gather utility data
in formats ready for ML).

o Al services: Tech giants offer machine learning services (Azure ML, AWS SageMaker,
Google Cloud Al) that utilities or vendors use under the hood. Google’s DeepMind
collaboration with National Grid ESO, or its initiatives to optimise data center energy
(which, interestingly, they then offered to grid managers as expertise transfer), indicate
they have interest in proving Al capabilities in power systems.

e Edge/loT: Companies like AWS (with Greengrass [oT) and Microsoft (with Azure IoT
Edge) also compete to host the edge computing layer in utilities. They might partner with
device manufacturers such that, say, a substation automation controller runs AWS IoT
Greengrass, making it easier to deploy ML models to it.

e Competitive dynamic: Big tech doesn’t usually compete in the same RFP as GE or
Siemens directly. Instead, they collaborate or provide the underlying infrastructure.
However, indirectly, if a utility decides to go “cloud-native” and piece together solutions
using big tech and smaller vendors, it could bypass an incumbent. For example, a utility
might use Azure’s cloud, Redis for fast data, custom Al by a niche vendor, rather than
buying one monolithic GE platform. Big Tech’s presence also forces traditional vendors to
make their software cloud-compatible. There’s a coopetition: GE, Siemens etc. partner
with cloud providers, but also fear ceding too much control to them (for customer
relationship).



Specialised Al/Analytics Firms (like C3 AL, SAS): C3 Al positions itself as an enterprise Al
company with solutions for utilities such as anti-fraud, predictive maintenance, etc. Their
competition strategy is to promise faster development and deployment of Al use cases via their
platform approach, rather than a utility hiring data scientists to code from scratch. They often target
the C-suite with big promises of digital transformation. SAS, long known for analytics, has utility-
specific models (like for outage prediction or load forecasting) and competes to be the analytics
engine integrated into utility systems. These companies compete by highlighting case studies of
dramatic improvements (e.g., C3 might cite how its Al helped an oil company reduce downtime
by X, implying it can do similar in electric grids) and by emphasizing flexibility — they can address
many use cases on one platform, whereas buying point solutions from multiple vendors might be
more siloed.

System Integrators and Consultancies: Accenture, Capgemini, Deloitte, etc., often implement
and even develop custom solutions. They sometimes white-label partner software, or assemble
solutions from components. They compete for large utility contracts to actually integrate all this
tech. For example, a utility might hire Accenture to lead a program for “Digital Grid Analytics” —
Accenture could bring in an outage prediction system from one vendor, a DER management from
another, and use Accenture’s own data models and workforce to tie it together. These firms have
deep relationships at the executive level and position themselves as objective advisors (not tied to
selling a particular product), which can be attractive for utilities wary of vendor lock-in. Their
presence also means that even smaller tech startups, if partnered with an integrator, can compete
in bigger projects because the integrator provides the assurance of delivery.

System Integrators and Consultancies

Firm Type

Global Integrators (Accenture,
Capgemini, Deloitte)

Integration Partners for Vendors

Custom Solution Builders

Channels for Startups

Role in Utility Modernisation

Lead large digital grid
programmes; design and
implement multi-vendor

solutions

Implement ADMS/DERMS,
outage prediction, analytics

platforms on behalf of OEMs

Combine components (e.g.,
outage prediction + DERMS +
data platform) into end-to-end

systems

Bring emerging tech companies

into major utility projects

Competitive Strengths

Executive-level relationships;
deep delivery capacity; position

as “objective advisors”

Certified expertise, proprietary

delivery frameworks

Ability to white-label or
assemble from best-of-breed

parts

Provide delivery assurance and

programme management

Impact on Market Dynamics

Increase utility confidence, reduce
vendor lock-in concerns

Help vendors scale deployments

beyond their own services teams

Enable utilities to adopt modular
architectures rather than single-

vendor suites

Allow small startups to compete in
large tenders through integrator

partnerships



Start-ups and Emerging Players

Start-ups’ Strategy: Young companies typically carve out a niche problem and solve it with Al
better or faster than incumbents can:

o They often offer a specific ROI for a specific use case, making it easier for a utility to
pilot. For instance, “our algorithm reduces transformer failures by 20% — saving you $XM
a year” or “our software can orchestrate EV charging to avoid upgrades in your 5 highest
growth neighborhoods, saving $Y”’.

o Start-ups use agility as a selling point: rapid deployment (maybe as SaaS or via a
lightweight cloud integration), continuous improvement with new algorithms, and a
modern user experience (incumbents’ software sometimes has clunky interfaces, whereas
a start-up might offer sleek, web-based dashboards).

e Many emerging players engage in pilot competitions — for example, a utility might have
an innovation sandbox where multiple start-ups test their solutions. Those that demonstrate
clear success can then get scaled contracts.

e Major challenges: Start-ups face long sales cycles and the need to integrate with legacy
systems, which can be daunting. As a result, many form partnerships with the bigger
vendors or with integrators to get market access. A common path is getting strategic
investment from a utility or a corporate venture arm, which then also becomes a first
customer.

Competition among start-ups: It’s a vibrant but tough space. For example, in Al-based energy
forecasting, dozens of small firms globally claim the best algorithm — consolidation is likely, with
only a few either dominating or being acquired. In the DER/VPP area, competition is global:
companies from Europe, US, and Australia might all bid to provide a VPP platform to, say, a utility
in Japan. Each may have regional experience or a specific technical edge. Ultimately, many
successful start-ups do get absorbed by bigger fish (as we’ve seen). That means one form of
competition is actually for acquisition — a start-up might angle to impress a Siemens or an Enel for
a buyout.

Utilities as Competitors: Interestingly, some large utilities have internal analytics teams that
develop solutions which could compete with vendor offerings. For example, if a utility builds its
own outage prediction system that works well, it might not buy one from a vendor. A few utilities
even market their solutions: Enel’s grid analytics solution or UK’s ElectraLink (a data company
owned by British utilities) offering analytics services to others. Generally, utilities prefer to focus



on operations, not selling software, but in competitive energy markets (like UK’s retail or US
competitive retail), companies seek any edge, and selling tech could become a revenue stream.
Still, it’s not widespread enough to be a major competitive threat to vendors at this time, except
that it indicates some utilities think the vendor solutions didn’t meet their needs or cost too much,
so they went in-house.

Competitive Dynamics and Trends

Consolidation: The market is seeing consolidation. Large vendors acquiring start-ups has
been noted, and likely will continue because the incumbents want to quickly fill their Al
gaps or acquire talent. Start-ups merging with each other is also possible to combine
offerings (e.g., one with strength in forecasting and another in asset management might
merge to offer a broader suite).

Interoperability vs. Lock-in: One battle is between closed, vertically integrated
ecosystems (the “one vendor does it all” approach) and open, interoperable ecosystems.
Some utilities fear being locked to one vendor for decades, so they favor modular solutions
that can plug and play. This has given an opening to smaller vendors that design with open
APIs and to integrators championing open architectures. Incumbents publicly support
standards, but they also try to create product bundles that work best together (thus
encouraging a utility that if it buys one piece from them, it might as well buy the others to
avoid integration costs).

Pricing Models: Traditional utility software was sold as license + annual maintenance.
Now, SaaS and subscription models are rising. This changes competition because it lowers
upfront cost for utilities (easier to try new tools) but means vendors must continuously
deliver value to retain subscriptions. New players often use subscription pricing, while
some incumbents have started offering cloud subscription options too. Competition could
become fiercer if, for instance, a utility can switch analytics providers after a 1-2 year
contract if not satisfied, rather than being stuck with a huge sunk cost — vendors will have
to earn loyalty through performance, not just incumbency.

Differentiators: As Al becomes more commonplace, just claiming “we use AI” is not a
selling point — outcomes are. Competitive differentiators include:

o Accuracy and performance of algorithms (backed by verified results, e.g., “our load
forecast is 10% more accurate than competitor X’s in these conditions™).

o Scalability and speed (important for real-time uses).



o Cybersecurity credentials (utilities will choose a provider that can demonstrate
compliance with standards and strong security practices over one that cannot, even
if the latter’s Al is slightly better).

o Domain expertise and support (utilities often choose a solution partly because the
vendor team understands utility operations deeply and can help with integration
into workflows).

o Reference projects and case studies: A vendor that can point to numerous successful
deployments reduces perceived risk for new customers. This is where incumbents
often win (“we’ve done 50 ADMS globally”) but start-ups accumulate these
through pilots and early adopters.

e Regional competition: Some markets favor local players due to regulations or local
requirements. For example, Chinese utilities mostly buy from domestic vendors or use in-
house, making it hard for foreign software except possibly in niche areas. In Europe, having
compliance with EU data rules and perhaps EU-based data hosting can be a factor (some
European utilities prefer European vendors or those who commit to data residency). In the
US, buy-American trends are mild in software, but utilities do consider vendor stability
and origins especially for grid security (for instance, some are wary of products with
components from countries perceived as cyber threats). Thus, the competitive field can
partially fragment by region. For instance, European-born companies (like Unicorn
Systems, PSI Software in Germany, etc.) compete strongly in Europe’s utility software
scene, but might not in the US.

e New Entrants from Adjacent Industries: It’s worth noting companies from telecom,
automotive, or others are eyeing energy because of EVs and smart cities convergence.
E.g., Tesla with its Autobidder software (used for battery power trading, which is
essentially a grid software for storage dispatch). Or Nokia offering private LTE networks
for utilities that come with some monitoring solutions. While not main competitors in
analytics yet, the lines may blur especially in DER integration (automotive companies
might provide vehicle-to-grid platforms, etc.). This could bring unconventional
competitors into certain slices of the market.

In summary, the competitive landscape in 2025 is robust and dynamic:

e Major grid vendors are broadening their software capabilities and remain the default
choice for many full-scale implementations, especially when an integrated approach is
desired.



e Tech giants are enabling and indirectly competing by promoting their platforms as the
backbone for utility digital projects.

o Start-ups and specialist firms keep pressure on by solving problems in innovative ways,
often forcing bigger players to improve or acquire.

o Utilities and third-party integrators influence who wins projects via their procurement
preferences and involvement.

We expect to see increasing collaboration (e.g., open-source consortia to set common standards,
where competitors work together to grow the overall market) alongside healthy competition (for
the large volume of grid modernization spending forecast over the next decade). Ultimately,
utilities benefit from this competitive environment through a greater choice of solutions and likely
improved cost-benefit as vendors strive to differentiate their offerings in Al-driven grid analytics.



7. Use Cases and Case Studies

Ilustrating concrete use cases and real-world case studies helps to understand how Al-driven grid
analytics are delivering value. Below, we highlight several compelling examples across different
application areas, demonstrating both the technical approach and the achieved outcomes.

Use Case 1: Outage Prediction and Proactive Grid Maintenance (Eversource
Energy, USA)

Background: Eversource Energy, a large utility in the Northeastern United States, faces frequent
storms that threaten reliability. Traditionally, they would react to outages once they occurred. To
improve service, Eversource partnered with an analytics team to develop Al-driven outage
prediction models.

Approach: They created a “reliability data hub” integrating historical outage records, weather
data (especially storm forecasts, wind speeds, precipitation), vegetation data (such as tree density
near lines and tree health indices derived from satellite imagery), and real-time grid measurements
(from SCADA and smart sensors). A machine learning model was trained to find patterns
between these inputs and outage occurrences. Essentially, it learned which factors contribute most
to outages — for example, combinations of high winds, saturated soil (increasing treefall
likelihood), and certain line characteristics.

Using this model, Eversource could predict, ahead of a major storm, which specific circuits were
most likely to fail and how many outages to expect in each region. This allowed highly targeted
preventative actions and staging of repair crews.

Outcomes: In a pilot during one storm season, the predictive system correctly anticipated the areas
of worst damage, enabling Eversource to avoid an estimated 40,000 customer outages over two
months by targeted tree trimming and reconfiguring the network preemptively (like shifting loads
from a highly at-risk line to alternate feeds before the storm hit, so if it did fail fewer customers
were impacted). Additionally, post-storm restoration was faster because crews were already pre-
positioned at the likely trouble spots. The utility’s customer minutes lost (a reliability metric) in
those events dropped significantly compared to similar past storms.

Moreover, the initiative revealed that 73% of utility staff surveyed acknowledged Al as
strategic, but only 18% felt prior tech had met expectations — this successful case helped close
that gap and build confidence in Al. Eversource has since filed regulatory plans to expand this
approach system-wide, aiming to eventually integrate it into daily operations (not just big storms



but even day-to-day outage prevention, like detecting early warning signs of equipment failing
under normal conditions).

This case demonstrates how Al can transform reliability management from reactive to proactive.
It also underscores the importance of combining diverse data sources (weather, GIS, asset data) —
many of which utilities already had but were siloed — and extracting actionable insight through
machine learning.

Use Case 2: Digital Twin for AMI Data Analytics and Grid Optimisation (Xcel
Energy, USA)

Background: Xcel Energy, an electric utility operating in multiple U.S. states, rolled out
Advanced Metering Infrastructure (AMI) across its network. This resulted in billions of data points
per day (voltage readings, usage at 15-min intervals for millions of customers). They found
themselves “data rich but insight poor” initially — overwhelmed by raw data volume.

Approach: Xcel embarked on building an enterprise-wide digital twin platform to convert AMI
and other operational data into a coherent model of the grid. With help from consultants, they
created a digital representation of their distribution network: linking every smart meter to
transformers, feeders, substations in a network model. They then integrated other data: SCADA
measurements, customer information (premise types, critical customer flags like hospitals), and
asset databases (age and specs of equipment).

On top of this digital twin, they applied advanced analytics:

e Anomaly detection algorithms to scan AMI voltage data and flag feeders or transformers
that consistently showed abnormal voltages, often a predictor of an issue (like an
overloaded transformer or a regulator out of calibration).

e Machine learning models to predict feeder load peaks days ahead, using weather
forecasts, day of week, and consumption patterns learned from AMI data. This helped
identify which neighborhood circuits might hit capacity limits on hot days, so they could
adjust capacitor banks or re-route power as needed.

e An Al-driven “voltage optimisation” tool that leveraged the twin: by simulating slight tap
changes on transformers in the twin environment with current conditions, it found settings
that maintain customer voltage within limits while reducing overall voltage slightly —
saving energy via conservation voltage reduction (CVR). They could then implement those
settings in the real grid.



o Integrating customer usage clusters to design targeted demand response: e.g., finding a
pocket of high EV charging and then recruiting those specific customers for an EV demand
response program.

Outcomes: This digital twin and analytics platform improved grid visibility dramatically. For
instance, Xcel discovered and remedied dozens of “hidden” problems: transformers serving more
homes than recorded (detected by unusual load curves), sections of line with chronic undervoltage
during peak (flagged by the twin before customer complaints came in), and even some energy theft
or meter malfunctions (zero usage readings despite active power flow indicated by substation vs
sum of meters mismatch).

In terms of metrics:

e Xcel achieved better load balancing, deferring some infrastructure upgrades. By
identifying over-stressed equipment early, they could replace or upgrade it before failure —
they reported a reduction in distribution transformer failure rate after the twin’s
implementation, directly attributing it to proactive replacements guided by Al analysis.

e The CVR (voltage reduction) pilot on parts of the network achieved energy savings on
the order of 2-3% during peak hours without customer impact, effectively a new energy
efficiency measure enabled purely by software.

e Additionally, during one summer peak event, the forecasts from the twin’s AI model helped
Xcel manage its peak demand and avoid expensive power purchases; they cited improved
accuracy in feeder-level forecasting by 20% over prior methods.

e Non-technical benefits: The platform broke down silos internally. Engineers, data
scientists, and field crews all accessed the same digital view, improving collaboration.
When a problem was flagged by the Al, engineers trusted it more because it was grounded
in this comprehensive model rather than a black box output.

This case highlights how a well-structured digital twin can unlock a multitude of use cases
simultaneously — from operational efficiency to planning optimisation — and demonstrates
significant ROI from data that was previously underutilised.



Use Case 3: DER Orchestration and Virtual Power Plant (SA Power Networks,
Australia)

Background: South Australia has one of the highest penetrations of distributed solar in the world.
At times, the region produces more solar power than demand. The local utility (SA Power
Networks for distribution, AEMO for system operation) faced issues with voltage rise and risk of
instability due to so much rooftop PV. Rather than simply curtailing solar or reinforcing the grid
everywhere (both expensive or undesirable), they pursued a DER orchestration approach, creating
a Virtual Power Plant (VPP) from consumer assets.

Approach: In partnership with Tesla and a software provider, they implemented a VPP program:

e Assets: Initially 1,000+ residential homes were equipped with Tesla Powerwall batteries
(often paired with solar PV) and smart inverters capable of remote control. This later
expanded to more homes and some commercial batteries.

e Platform: A cloud-based DER management platform aggregated these batteries into a
single virtual resource. The platform’s Al algorithms took in data like local grid
measurements (feeder loads, voltages), solar forecasts, and wholesale energy prices (since
in Australia, DER can earn money in the national electricity market when dispatched).

o Dispatch & Control: The Al orchestrated charging and discharging of all these batteries
in unison according to grid needs and market signals. For example, if a surplus of solar was
causing excessive voltage in midday, the Al would command batteries to charge (soaking
up the excess, preventing reverse power flow issues). In the evening peak, rather than
turning on a gas peaker plant, the Al could discharge the stored solar from hundreds of
homes to support the grid, effectively acting as a peaking power plant.

o Importantly, the system had to coordinate with the distribution network constraints. The
Al used machine learning to predict how much discharge a particular neighborhood could
handle without causing local overload or voltage sag. It learned these limits from historical
data and by observing the impact of various control actions.

e The platform also integrated a market optimization: bidding the VPP’s capacity into the
wholesale market and frequency control ancillary services (FCAS) markets. A predictive
algorithm would decide how much the VPP can safely offer for, say, a tomorrow 6 PM
peak or for a fast frequency response, by considering likely battery state-of-charge and
network conditions.



Outcomes: This orchestrated VPP delivered multiple benefits:

e Grid stability: During a significant grid event (a coal plant tripped causing frequency
drop), the VPP responded within seconds by injecting power, helping arrest the frequency
decline. This demonstrated that aggregated DER could perform like a traditional power
plant in stabilizing the grid. After this, AEMO gave more confidence and reliance on VPPs
for such services.

e Voltage control: Instances of feeder over-voltage on mild sunny days were substantially
reduced in areas covered by the VPP. Instead of utility crews or automatic tap changers
having to intervene, the proactive charging of batteries kept voltages within range. The
utility estimated a large reduction in customer voltage complaints and a deferment of
several capacitor bank installations or other voltage mitigation investments.

e Economic: Customers in the program benefited by sharing revenue from market
participation, effectively monetizing their home batteries. The utility avoided or deferred
network upgrade costs (transformers, new feeders) that would otherwise be needed to
handle uncoordinated solar surges.

e Scale-up: The success led to plans to scale to 50,000 homes (the government supported
this as well). In essence, South Australia is moving toward a high-DER grid where
orchestrated Al control ensures reliability even with 100% instantaneous renewable
periods.

This case study showcases how DER orchestration via Al can transform a challenge (too much
solar at times) into an opportunity (leveraging prosumer assets as a reliable resource). It
underscores the importance of real-time intelligence and predictive control in making thousands
of independent devices behave like a single, dispatchable unit for the grid’s benefit.

Use Case 4: Al-Assisted Grid Operations Center (National Grid ESO & NREL
eGridGPT, UK/USA)

Background: National Grid ESO (Electricity System Operator for Great Britain) is tasked with
balancing the grid in a rapidly changing energy mix. They partnered on a research initiative with
the U.S. National Renewable Energy Lab (NREL) to explore how emerging technologies
like generative Al could assist control room operators. This is more of a cutting-edge case
highlighting innovation trajectory.



Approach: NREL developed a prototype system nicknamed “eGridGPT” which combined a large
language model (LLM) and grid simulation:

e The LLM was trained on a vast corpus of grid operation manuals, past incident reports, and
simulation data of the UK grid. Its role was to analyze the situation and propose control
actions in plain English (or rather, in operator language).

e The system took in real-time data: SCADA snapshots (flows, voltages), state estimator
outputs (full network state), and the current contingency analysis (list of potential problems
if a line/generator trips).

e When a complex situation arose (say multiple line outages due to a storm stressing the
system), operators could query the Al: e.g., “Suggest how to alleviate overload on Corridor
A given current conditions” or the Al might proactively alert “The contingency loss of
generator X could cause a frequency dip below threshold; recommend securing additional
reserve.”

e The Al, via integration with a digital twin, would simulate various actions (like re-
dispatching generation, or triggering demand response) using a power flow model to see
the outcome, then present the best options and their expected results. Essentially, it was
doing in minutes what might take human planners hours to study.

o This was all advisory — the human operator remained in control, but the Al served as a
highly knowledgeable assistant, rapidly sifting through options and referencing past similar
scenarios (from historical data) to suggest, for example, “When a similar high wind / low
demand scenario occurred in 2023, reducing export to region Y and increasing a specific
pump storage generation prevented overload.”

Outcomes: While still in pilot/research phase, early results were promising:

e The eGridGPT system significantly reduced the time to perform certain analyses. For
instance, aligning planning models with operational models (which used to take engineers
days to manually reconcile differences in data) was done in minutes by the AI — by reading
in both models’ data and highlighting mismatches.

e Operators found the conversational interface surprisingly intuitive — they could simply ask
the Al questions as they would a colleague. This freed them to consider more contingencies
in advance, rather than firefighting immediate issues.



e In simulation exercises, some of the AI’s recommendations either matched or even
outperformed standard procedures (especially in scenarios the human operators had less
experience with, the Al could draw analogies to different events or consider combinations
a person might not think of).

o It wasn’t perfect — there were instances where the Al suggested an action that the operators
knew was not practically feasible due to constraints the Al wasn’t fully aware of. But this
led to refining the training data and rules to incorporate those domain constraints
(improving the AI’s “knowledge” about, say, certain generators’ ramp limits or market
rules that prevent curtailment of certain contracts).

e The project illustrated how future control rooms might operate: with Al continuously
monitoring and advising, catching subtleties like “if that next scheduled generator outage
proceeds, it will leave you with inadequate voltage support because the wind farms won’t
provide reactive power at night — consider rescheduling maintenance or starting a
synchronous condenser.”

o For National Grid ESO, this research is part of aiming to run a zero-carbon grid by 2025
(for short periods) and beyond — they acknowledged that to handle such complexity, tools
like Al assistants are invaluable.

While not a fully deployed production case, this example shows the innovation trajectory: using
advanced Al (LLMs, generative models) to augment human operators’ decision-making. It’s a
case where we see the merging of power systems engineering and Al research yielding tangible
tools that could soon move from pilot to practice as confidence grows.

Use Case 5: Asset Failure Prediction and Targeted Replacement (Northern Europe
Utility)

Background: A Northern European utility (let’s call it NordicGrid) with an extensive
underground cable network and aging transformers wanted to reduce unplanned outages due to
equipment failure. Replacing infrastructure proactively is expensive, so they sought a data-driven
method to identify which assets truly needed replacement or maintenance.

Approach: NordicGrid deployed an Asset Performance Management (APM) solution that
leveraged Al:

o Data Collected: They collated 20+ years of maintenance records, failure incident logs,
manufacturer info for each transformer and cable segment, and imported real-time sensor



data (for transformers: oil temperature, gas-in-oil levels; for underground cables: partial
discharge sensors at terminals that detect insulation degradation, as well as load history
from SCADA).

e Al Model: A machine learning model was developed (using a random forest algorithm
initially) to predict failure probability in the next 12 months for each asset. Important
features ended up being things like “number of minor faults in last 5 years”, “maximum
load vs rated load in last summer peak”, “age and manufacturer (some batches were known
weaker)”, “extent of partial discharge activity” and environmental factors (e.g., a

transformer in a coastal humid area had different stress than inland).

e They also employed anatural language processing component to parse through
maintenance crew notes (textual descriptions of inspections) to glean additional clues (for
example, if many reports said a particular cable joint was showing signs of overheating,
that was a red flag).

o Dashboard & Integration: The results were visualised on a map/dashboard for asset
managers, showing health scores (green/yellow/red) for each transformer and cable
section. The system was integrated into their work management system so that when an
asset’s score turned poor (red), it could automatically create a recommendation for
maintenance or further inspection.

Outcomes: NordicGrid saw a measurable improvement:

o In the first two years, they prevented an estimated 5 major transformer failures by acting
on Al warnings. For instance, one substation transformer was flagged with a sharply rising
failure probability; an inspection found sludging and partial insulation breakdown. It was
replaced in a controlled manner — had it failed in service, it would have caused a multi-
hour outage to thousands and costly emergency repairs.

o They optimised their maintenance budget: the Al identified many assets that were low risk
despite age, allowing the utility to extend their life and avoid premature replacement.
Conversely, it highlighted some younger assets that, due to manufacturing issues or high
stress, needed attention sooner. Overall, maintenance spending was re-prioritised—some
non-urgent projects deferred in favor of the ones Al showed to be critical. This risk-based
approach improved return on maintenance investment by roughly 20% (as measured by
reduction in failures per maintenance dollar spent).

o The utility’s regulator took note, and in reliability reporting, NordicGrid could show an
innovative practice for grid reliability—potentially helping justify the costs of the APM



program in the regulated asset base by demonstrating improved indices (like a reduction in
transformer-related SAIDI contributions).

e One qualitative outcome: field crews and engineers started to trust the system after some
initial skepticism, because it often matched their intuition and sometimes caught things
they hadn’t noticed. For example, a particular cable line had subtle partial discharge
readings that were easy to overlook; the Al flagged it, a crew investigated and found a
deteriorated joint that was fixed with minor downtime instead of catastrophic failure later.

o The utility also found new use cases: after success with transformers and cables, they
expanded the Al model to consider distribution pole failure (using data like wood pole
age, weather exposure, and leaning angle measured by LiDAR surveys) — this helped
prioritise pole replacements before storms knocked them down.

This case shows typical “predictive maintenance” in action and underscores that success comes
from combining multiple data types and even unstructured data (crew notes) to feed Al It also
demonstrates value in cost avoidance and improved reliability, which are core business drivers for
utilities.

Each of these case studies — spanning outage management, digital twins, DER orchestration, Al in
control rooms, and asset management — exemplifies how theoretical benefits of Al translate to real
improvements in grid performance and utility operations. They provide evidence that Al-driven
analytics are not just hype but are delivering in practice: fewer outages, cost savings, more
renewable integration, and enhanced decision-making. The common thread is that cross-
disciplinary data and collaboration (IT, OT, data science, field expertise) are key to
implementation, and that measurable outcomes help build momentum for broader adoption.



7. Market Trends and Innovation Trajectories

The grid analytics and software sector is evolving rapidly. In this section, we outline the key market
trends and the anticipated innovation trajectories that will shape the industry from 2025 onward.
These trends touch on technology, business models, and industry practices, forecasting how Al-
driven grid solutions will develop over the next several years.

Trend 1: Convergence of Al, 1oT, and Edge Computing for Grid Management

The convergence of artificial intelligence with the Internet of Things (IoT) and edge computing is
accelerating. Utilities are deploying more connected sensors (IoT devices) throughout their
networks — from grid-edge monitors on transformers to phasor measurement units on high-voltage
lines — resulting in streams of data that often need local, real-time processing. Rather than sending
all data back to a central cloud or control center, utilities are increasingly using edge
computing resources (like mini-servers at substations or even Al chips embedded in devices) to
run Al algorithms on-site.

Trajectory: This trend will lead to a distributed intelligence architecture. By 2030, we expect
many distribution grids will have autonomous, intelligent control at the local level. For example,
a neighbourhood “edge controller” might directly coordinate a cluster of EV chargers and solar
inverters using Al, making decisions in milliseconds to balance the local grid, only informing
higher-level systems after the fact. This reduces latency and dependence on communications. It
also enhances resilience — if central systems go down, the local controllers can keep managing
basic functions.

From a market perspective, this opens opportunities for companies that offer end-to-end solutions:
sensor + edge Al + cloud platform integrated. It also requires standardisation so that these edge
devices can all talk to each other — expect growth in open protocols and frameworks (like
OpenFMB or similar) that allow interoperable edge intelligence. Innovation in hardware (like grid
devices with on-board Al accelerators) will coincide with software. We’re already seeing grid
equipment (like protection relays, voltage regulator controllers) being released with Al capabilities
built-in, and this will become the norm.

Trend 2: Integration of Generative Al and Advanced Analytics for Operator
Decision Support

Building on the early experiments like eGridGPT, generative Al and advanced analytics are set to
transform how grid operators and engineers interact with data. Large language models (LLMs)



and other Al that can interpret natural language and generate human-like responses are getting
incorporated into utility workflows.

Trajectory: By late-2020s, it’s likely that control centers and planning departments will use Al
assistants routinely. These assistants might be voice-activated or chat-based. For instance, an
operator could verbally ask, “Show me the expected load on each feeder in Region A at 5pm and
any voltage issues,” and the system would narrate or display the answer dynamically, rather than
the operator pulling up multiple SCADA graphs manually. Planners might ask, “Given our last 5
years of data, what’s the projected overload risk if we add 50 EV chargers in this district?” and get
a quick analysis with references to past similar cases.

Such AI will leverage not only real-time data but also the utility’s historical knowledge base
(reports, manuals) to provide context-aware advice. The trajectory here includes improving trust
and validation of Al outputs (so-called explainable Albecomes important — operators will adopt
these tools widely only if they can trust them and see justification for recommendations).

Market wise, this means traditional EMS/ADMS software vendors might partner with Al firms or
develop their own generative models fine-tuned for grid terminology and data. New players
focusing on “Al UX” for operators could emerge (the user experience of interacting with Al in
control rooms). We might even see regulatory aspects, where regulators require that any Al
decision support used in operations be auditable — spawning innovation in Al monitoring tools.

Trend 3: Scaling of Virtual Power Plants (VPPs) and Transactive Energy Platforms

As DERs proliferate, the concept of transactive energy — a system where devices can buy and sell
energy or flexibility in an automated market — is gaining ground. Already VPPs are operational (as
in our case studies), but the trend is toward scaling up these VPPs to include tens of thousands or
millions of devices, and introducing local energy markets where price signals coordinate DER
behavior dynamically.

Trajectory: By 2030, many regions will have active flexibility markets at the distribution level.
This means if your home battery or EV can offer grid support at a given time, there will be a
platform to compensate you, and Al will be the broker that orchestrates these transactions at scale.
Blockchain or other distributed ledger tech might play a role in clearing transactions, but Al will
predict prices, recommend optimal dispatch of your device, etc. We see early versions in pilot
programs (like energy trading between neighbors in some communities), but widespread adoption
will depend on regulatory frameworks.



Germany and the UK, for instance, are moving towards allowing DSOs to procure flexibility from
DERs instead of building new wires. The innovation trajectory is an emergence of new market
participants — aggregators or platform providers — who run these transactive systems. Some utilities
might transform into “distribution system platform providers” enabling others to trade energy on

their wires.

Trend 3: Scaling of Virtual Power Plants (VPPs) and Transactive Energy

Platforms
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Analytics are crucial in such markets: forecasting supply, demand and flexibility, detecting gaming
or anomalies, setting prices — all require sophisticated Al. So, expect heavy competition and
innovation in DER trading algorithms, perhaps akin to high-frequency trading but for electrons —
albeit with oversight to keep it stable. This could become a hot area for fintech-meets-energy
startups.

Trend 4: Cybersecurity Solutions with Al for Grid Protection

As grids digitalise and connect, cyber threats increase. A notable trend is the use of Al to enhance
cybersecurity for the power grid. This includes machine learning systems that monitor
communications and network activity to detect anomalies indicative of cyber-intrusions or
malware, as well as Al that can proactively identify vulnerabilities in grid control systems.



Trajectory: By the late 2020s, Al-driven cybersecurity will be embedded in utility operations. For
example, an Al might detect that a hacker is trying to spoof control signals because it notices a
subtle deviation in communication patterns or device responses that differ from the normal learned
behavior. It could then isolate that substation or switch to backup control modes automatically.

We anticipate regulatory push here: bodies like NERC might mandate certain anomaly detection
systems for critical grid infrastructure. This will drive innovation in specialized Al trained on grid
network data. Companies providing cybersecurity-as-a-service to utilities (for both IT and OT
networks) will incorporate more Al to keep up with advanced persistent threats, some of which
might even use Al themselves to find entry points.

In the market, we might see collaborations between traditional cybersecurity firms and grid
vendors to tailor solutions specifically for SCADA and utility IoT. Also, the concept of “digital
twins for cyber” — simulating the grid’s communications and control to test cyber-attack scenarios
with Al — might become a standard planning tool.

Trend 5: Regulatory and Standards Evolution Supporting Interoperability and Al
Ethics

Regulators and standards bodies are catching up with the technology. We expect new standards
that ensure interoperability (so that different utilities’ systems or different vendors’ products can
interoperate more easily, which fosters competition and innovation). Also, given Al’s growing
role, there will be guidelines or rules around Al ethics, transparency, and reliability in critical
infrastructure.

Trajectory: In the EU, for example, the Al Act likely will impose requirements on Al used in
electricity supply (e.g., perhaps needing a level of human oversight or the ability to explain
decisions). Similarly, utility regulators might require that if decisions are made by Al that affect
customers (like selective load shedding, or setting dynamic prices), there must be transparency and
fairness.

This trend will lead to innovation in “explainable AI” tools and in reporting: Al systems that can
generate human-readable explanations (maybe by design or via add-on modules) will be favored.
It might also see an emergence of certification for Al products — e.g., an independent body might
certify that a DER orchestration Al respects certain constraints and will not compromise grid
stability.

Standardisation efforts like IEEE P2801 (Standard for Al in Electric Power Systems,
hypothetical) could emerge to define how AI should be tested and validated. Interoperability



standards (like enhancements to IEC CIM to cover Al model outputs as part of data exchange) will
become more important, ensuring that, for instance, a utility can switch one Al vendor for another
without redoing all integrations, or share data easily for collaborative Al efforts.

Trend 6: Market Growth and New Entrants from Adjacent Industries

The market for grid software and analytics is expected to grow robustly (as previously cited,
roughly 10-12% CAGR through 2030). This will attract new entrants:

o Automotive Sector Entrants: As EVs essentially become grid assets, car manufacturers
and charging infrastructure companies may develop grid management software (Tesla
already did with Autobidder, others may follow). They could manage fleets of EVs for grid
services, effectively competing with traditional grid software vendors in that niche.

e Qil & Gas and Renewable Developers: Companies like Shell, Total (which are investing
in power and renewables) have acquired energy management startups. They might offer
services to utilities or operate their own VPPs that intersect with utility operations.

e Telecommunications Companies: Telecoms rolling out 5G are partnering with utilities
on private networks and may also bundle smart grid solutions (for example, a telco could
offer a package of connectivity plus data analytics to monitor a utility’s grid assets).

e Software Giants (Enterprise/ERP): If companies like SAP or Salesforce see an angle
(Salesforce, for example, has an energy cloud concept for customer 360; they could extend
into operational analytics to feed customer engagement with outage and carbon data etc.),
they might push further into the space.

Trajectory: These entrants will drive cross-pollination of technologies and could cause disruption
in certain sub-markets. We might see, say, an automotive-led consortium run a local energy market
in a city focusing on EV flexibility, indirectly challenging how the local utility would traditionally
manage that peak. Or an oil major that owns lots of renewables might offer balancing services to
grid operators using its own Al platform, reducing demand for the grid operator’s internal tools.

For existing players, this means competition but also partnership opportunities — utilities may
partner with these new entrants to leverage their capabilities (for instance, a utility might partner
with an EV maker to ensure grid-friendly charging by integrating their systems).



Trend 7: Focus on Resilience and Climate Adaptation Analytics

Lastly, a sad but important trend: as climate change impacts intensify (more extreme weather
events, wildfires, floods), utilities and governments are extremely focused on grid resilience. This
goes beyond reliability in normal conditions to surviving and recovering from disasters. Al will be
used to model and enhance resilience:

o Predictive models for fire risk on power lines (some utilities already using Al with satellite
data for this).

e Optimisation for hardening investments (using analytics to decide where to underground
lines, where to add redundancy first to get best risk reduction).

e Real-time emergency management support (Al routing repair crews optimally after a
storm, Al helping prioritize which communities to restore first based on critical needs).

Trajectory: Investment in resilience analytics is likely to surge (we see research and markets
stating grid resilience as a multi-hundred billion market by 2032). Many solution providers will
tailor offerings to this need, and utilities will integrate those into planning processes. Expect
innovation such as:

o Climate Twin: digital twins that incorporate climate projections — e.g., simulate your grid
under future climate scenarios with Al to foresee vulnerabilities.

e Recovery Al tools that, after an event, quickly assess damage severity from data (drone
images processed by Al to identify broken poles, etc.) and help strategize restoration.

Resilience metrics might become regulatory, and Al will be key to both meeting those and
demonstrating progress (like showing regulators “our Al-driven plan will reduce outage exposure
by X under a 100-year storm scenario”).

Overall, the trajectory is towards a more autonomous, data-driven, and decentralized grid. Al
and advanced software will increasingly handle routine optimisations and first-line decision-
making, with humans focusing on oversight, strategy, and complex exceptions. The market will
broaden with new entrants and deeper integration of energy systems with other sectors
(transportation, IT).

Utilities in 2030 might operate as much like information companies as energy companies — using
analytics at every level to manage an increasingly complex web of energy sources and uses.



Innovation will continue in cycles: as one challenge is addressed (e.g., handling DER volatility),
new ones will appear (e.g., coordinating millions of EVs, or managing power during extreme
climate events) and spur the next generation of Al solutions. The utility industry, historically
conservative, is clearly embracing a more high-tech identity, and that trend looks set to continue
and deepen in the coming years.



8. Regulatory Environment and Standards

The regulatory environment and standardisation framework play a pivotal role in shaping how Al-
driven grid analytics and software are developed and deployed. Utilities operate in a highly
regulated industry where compliance, safety, and reliability standards are paramount. This section
discusses current regulations, emerging policies, and relevant standards, as well as their influence
on the market.

Regulatory Drivers and Requirements

Safety and Reliability Regulations: At the core, regulators mandate that utilities maintain certain
reliability standards (for instance, in the U.S., state public utility commissions set targets or report
metrics like SAIDI/SAIFI; in Europe, regulators often use incentives/penalties for outage
performance). While these do not prescribe specific technologies, they motivate utilities to adopt
analytics that can improve reliability. For example, if an Al outage prevention tool can
demonstrably reduce outages, a utility can justify its cost to regulators in rate cases as it helps meet
reliability obligations.

Additionally, regulations concerning grid stability and operations (such as NERC standards in
North America for bulk power system security) indirectly push adoption of advanced tools. NERC
standards require certain planning margins and real-time analytical capabilities (like contingency
analysis) —now Al is being used to enhance how those are done (e.g., faster contingency analysis).
Regulators ensure that any Al used does not compromise these core compliance areas.

DER and Market Regulations: A key regulatory development mentioned earlier is FERC Order
2222 in the U.S., which requires RTOs/ISOs to integrate DER aggregations into markets. This
regulatory change is directly spurring investments in DER management software — a compliance
need (to facilitate DER market entry) becomes a business opportunity for DERMS vendors.
Similarly, in Europe, the Electricity Directive as part of the Clean Energy Package obliges member
states to enable demand response and aggregation, which effectively requires DSOs to upgrade
their systems (with, for example, flexibility platforms and algorithms to validate and dispatch
aggregators’ assets).

Data Privacy Laws: Regulations like the EU’s GDPR put strict rules on handling personal data,
which includes residential energy usage data from smart meters. Utilities and their software
providers must ensure Al models and analytics processes comply — for instance, by anonymising
data where possible, obtaining consent for using certain detailed data, and securing data storage.
In the U.S., there are state-level laws (like California’s CCPA) and specific utility commission
rules about customer data. This impacts design of analytics: e.g., if data is to be used for a third-



party Al service, sometimes regulators require that customers opt-in or that data sharing
agreements are in place.

Cybersecurity Regulations: Governments and regulatory bodies are increasingly prescriptive
about cybersecurity for critical infrastructure. In the U.S., NERC CIP standards require utilities to
protect cyber assets that impact the bulk electric system. As utilities adopt cloud services and IoT
devices, they must ensure compliance with CIP standards or similar. Regulators may need to
approve cloud solutions, verifying that proper controls (encryption, access management, etc.) are
in place. There’s been progress — for example, some U.S. commissions have allowed cloud costs
in rates as long as utilities show robust cybersecurity provisions.

Cybersecurity Regulations

Regulatory Area Key Requirements Impact on Utilities Implications for Vendors

U.S. NERC CIP Protection of bulk electric system cyber assets; Must secure cloud/loT Vendors must demonstrate CIP-

Standards strict controls for access, monitoring, and incident deployments and ensure aligned architectures and robust
response compliance when adopting new security controls

digital platforms

State-Level Cloud Regulators allow cloud costs in rate base if Encourages cloud adoption but Prior certification accelerates
Approvals (U.S.) cybersecurity provisions are strong requires detailed security regulatory approval
justification
EU NIS & NIS2 Energy tagged as essential service; expanded Utilities face tighter mandates Vendors may undergo audits and
Directives security obligations and reporting requirements around cyber risk management need adherence to ISO/IEC 27001
and resilience and related standards
Al Security & Regulators increasingly evaluate how Al systems are Need assurance that Al tools do Vendors with proven Al security
Compliance Scrutiny secured, validated, and monitored not introduce operational frameworks gain competitive
vulnerabilities advantage

In Europe, the NIS Directive (Network and Information Systems) identifies energy as essential
services with required cyber protections, and NIS2 will tighten these further. This means any
analytics vendor serving European utilities might need to undergo security audits and demonstrate
adherence to standards like ISO/IEC 27001 (for information security management). We see
regulators asking more detailed questions about how new tech like Al is secured.
Thus, compliance with cyber regs is becoming a competitive advantage for software providers
(those already certified or experienced in utility cyber requirements have smoother regulatory
approval).

Al-Specific Regulations: While still nascent, there’s movement towards regulating Al itself. The
EU’s Al Act (draft) could classify grid control Al as “high risk,” requiring things like human
oversight, transparency about Al decisions, and robust risk assessments before deployment. If
passed, a utility in Europe implementing Al for grid ops might have to document how the Al was
trained, how it’s tested to avoid bias or critical errors, and possibly register it with authorities. This
would add overhead but ultimately ensure trust. Similar discussions are starting elsewhere: for



example, in the U.S., NIST released an Al Risk Management Framework (voluntary) encouraging
best practices for trustworthy Al, which utilities may adopt to show due diligence.

Environmental and Decarbonisation Policies: Regulations pushing decarbonisation indirectly
drive adoption of grid analytics because they force changes in grid usage. For instance, renewable
portfolio standards, EV mandates, and building electrification codes all create complexity that only
advanced software can manage. Some regulators now require utilities to file Integrated
Distribution Plans that show how they’ll accommodate DERs and electrification — these often
mention deploying new tech like advanced analytics, and commissions may explicitly ask for
updates on such deployments in review processes.

Standards and Interoperability

Data and Communication Standards: The utility industry has long-established standards to
ensure equipment interoperability and reliable communications. Examples include:

e IEC 61850 for substation automation communication (how devices talk within a
substation).

o DLMS/COSEM for smart meter data formats.

e CIM (Common Information Model, IEC 61968/61970) which provides a standard
schema for electrical network data, covering topology, assets, etc. This is particularly
relevant to software: many grid analytics solutions support CIM so they can easily
import/export network models and data with other systems. Utilities and vendors that stick
to CIM standards find integration easier (e.g., a planning model from one tool can be read
by another vendor’s ADMS if both use CIM).

As Al tools proliferate, adherence to such standards is critical to avoid creating new silos. We see
increasing demand for “plug-and-play” solutions. For example, if a utility buys a new DERMS, it
should ideally connect to their existing SCADA using standard protocols (like ICCP, DNP3) and
exchange grid models via CIM. Regulators sometimes indirectly enforce this by funding only
projects that use open standards (to avoid vendor lock-in with public money).

IEEE Standards for Smart Grid and AI: IEEE has published various guides and standards, such
as:

o IEEE 1547 (Standard for interconnection of DERs) — requires DERs (like solar inverters)
to have capabilities like volt-var control, which then necessitates software to utilise those



capabilities. Compliance with 1547’s latest version (which mandates “smart” inverter
functionality) is now being required in jurisdictions, pushing utilities to get DER
orchestration systems to take advantage of those functions.

o IEEE 2030 series on smart grid interoperability, which gives frameworks for integrating
renewable and information technology.

e While not yet formal standards, IEEE and CIGRE (international council on large electric
systems) have working groups focusing on Al applications in power systems — their
reports often shape best practices. We might see recommended practices emerging, for
instance, “IEEE Guide for Use of Big Data Analytics in Distribution Networks” or similar,
which while not mandatory, inform utility procurement specs.

Cybersecurity Standards: Beyond regulatory requirements, standards like IEC 62443 for
industrial control system security or the ISO 27000 family guide how systems should be built
securely. Utilities often require vendors to adhere to these (checking if a software is developed
following secure coding standards, if it supports security features mandated by these standards).
Additionally, the proliferation of IoT led to frameworks like Open Field Message Bus
(OpenFMB) by the Smart Grid Interoperability Panel (SGIP) — which uses publish/subscribe
messaging (based on standards like MQTT) at the field level. OpenFMB is in the process of
becoming an IEEE/IEC standard and offers a way for edge devices and Al agents to share data in
real-time at the grid edge in a standard way. If that gets widely adopted, it will support the trend
of distributed Al working in concert.

Cybersecurity Standards

Standard / Framework Focus Area Relevance for Utilities Implications for Vendors
IEC 62443 Industrial control system security Ensures secure architecture for Vendors must design products with
OT environments and ICS-grade security and secure
substations coding practices
1SO 27000 Family Information security Provides governance and Vendors often required to
management processes for safeguarding demonstrate ISO 27001 certification
utility data for procurement
OpenFMB (SGIP) Publish/subscribe Enables secure, standardised Supports distributed Al,
communication for field devices, real-time data exchange at the interoperability, and secure device-
evolving toward IEEE/IEC grid edge to-device communication
standard
loT & Edge Security Security guidelines for Critical as utilities deploy Vendors must ensure devices meet
Frameworks connected devices and edge sensors, smart inverters, and encryption, identity, and access
computing DER controllers control expectations

Interoperability Testing and Certification: Organisations like the UCA (Utility
Communications Architecture) or EPRI host interoperability tests (so-called “plugfests”) for utility



systems. We anticipate more focus on testing Al algorithms in a standardized way, maybe
through open datasets or simulation testbeds. For example, LF Energy might provide open data
sets for load forecasting and rank algorithms — not an official standard, but a way to push the field
towards proven approaches. If regulators start asking, “how do we know your Al is as good as you
claim?” industry groups may set up benchmarking standards.

Grid Codes: In many countries, the grid code (technical rules for connecting to the system)
increasingly includes requirements for smart controls (like inverters must respond to frequency
drops by curtailing output). These technical rules force the need for coordinated control — grid
software ensures these myriad devices do what the grid code expects in aggregate. If a country
updates its grid code to, say, allow emergency PV curtailment or require EV chargers to respond
to signals, that again calls for robust communication and control software. The standard becomes
an enabling condition for Al orchestration solutions.

Ethical and Equity Considerations: An emerging aspect — regulators care about fair access and
equity (for instance, ensuring that introduction of time-of-use rates or demand response programs
via Al does not disadvantage low-income or vulnerable customers). We could see guidelines
ensuring that algorithms used for things like demand management do not inadvertently
discriminate (like always curtailing the same neighborhood’s load). While not formal technical
standards, these considerations could be formalised in regulatory directives or best practice
manuals. Utilities might need to audit their Al for bias or unfair impact, a concept borrowed from
other sectors but applicable here as, for example, Al may decide where voltage is reduced or whose
thermostat to tweak — and that needs to be fair and transparent.

Impact on the Market

Regulation and standards can sometimes slow the pace of innovation adoption (due to necessary
checks and compliance steps), but in this case many are supportive:

e Clear policies like FERC 2222 or EU directives are market catalysts (increasing demand
for DER analytics).

o Cyber and safety regulations raise the bar for entry (favoring established players or those
who invest early in compliance) — a small startup with a great algorithm but no security
measures might struggle to get utility contracts compared to a competitor who built their
product to meet CIP standards from day one.

o Standardisation tends to commoditise some layers (data exchange becomes easier, so
vendors compete on algorithms and features rather than proprietary formats). This could



increase competition and reduce integration costs for utilities, expanding the addressable
market as solutions become easier to plug in.

Conversely, if Al-specific regulations become too onerous, some innovation might slow or
concentrate in larger firms that can handle the overhead. For example, documenting and
certifying an Al might be manageable for Siemens but not for a 5-person startup unless
they partner with a bigger entity.

In sum, the regulatory and standards environment is evolving in tandem with technology:

It aims to ensure that Al/analytics are implemented safely, securely, and fairly.

It is increasingly pushing for open, interoperable systems to avoid vendor lock-in and
ensure longevity of investments.

It recognises new realities (like the need for DER integration and resilience) and is
adjusting rules to accommodate those through flexible market mechanisms and modern
reliability standards.

Participants in this market — whether utilities or vendors — must stay attuned to these changes.
Engaging in regulatory discussions (through industry associations or pilot projects that inform
policy) is now a key part of strategic planning for companies. Those that shape and adapt to
standards early will have an edge, by being seen as compliant and forward-thinking, which eases
customer (utility) concerns and accelerates deployment approvals.

Overall, a supportive regulatory framework is emerging that, while ensuring safeguards,
largely reinforces the case for digital, intelligent grid solutions as essential tools in meeting the
energy system objectives of the coming decade.



9. Investment Landscape and M&A

The investment landscape for Al-driven grid analytics and software has been very active, reflecting
the strategic importance of this sector in the broader energy transition. Both venture capital and
corporate investors have funneled funds into emerging companies, while larger players engage in
mergers and acquisitions (M&A) to consolidate capabilities. Here, we provide an overview of
funding trends, notable investments, and M&A activities.

Venture Capital and Growth Funding

Rising VC Interest: Over the past few years, venture capital investment in energy and grid-related
Al start-ups has grown substantially. By 2024, global VC funding into “energy transition tech” hit
record levels, with Al a key theme. In particular:

o Start-ups focusing on grid optimisation, DER management, and energy storage software
have raised significant rounds. For example, companies like Autogrid and Opus One
(before acquisition) raised tens of millions in VC, while others like GridX, Volta Labs
(hypothetical names for smaller ones) got seed/Series A funding as the market potential
became clear.

o Corporate venture arms of utilities have been quite prominent. National Grid Partners (the
VC arm of National Grid) alone invested over $300M across dozens of grid tech start-ups
by 2025, including Al analytics firms, and claims that the majority of those startups have
delivered pilots or projects with National Grid itself. Similarly, Enel, TotalEnergies, BP,
and Shell all have venture arms that have stakes in smart grid analytics companies, viewing
them as strategic for their future businesses.

Valuations and Exit Climate: With Al being a hot buzzword, some energy Al start-ups
commanded high valuations relative to their revenue, anticipating rapid scale if they can land
utility contracts. By 2025, we saw a few notable exits (e.g., Schneider’s purchase of AutoGrid
presumably gave a good return to its investors; energy Al start-up Urbint focusing on utility safety
analytics had a successful funding trajectory, etc.). The prospect of acquisition by a large industry
player often underpins the VC thesis — many start-ups are effectively developing tech to be
acquired by ABB, GE, Schneider, etc., as those giants digitalise.

Investor Motivation: VC and growth equity investors are attracted by:

o The large total addressable market (global utility capex on digital grid tech is now in the
tens of billions annually).



e Strong secular drivers (climate policies, reliability demands) that make it likely utilities
will spend more on software.

o The relatively untapped nature of many utilities’ data (the chance to unlock value from
massive datasets is a classic Al investment thesis).

e ESG (Environmental, Social, Governance) investment mandates: many funds want to
invest in technologies enabling decarbonisation; smart grid software qualifies as it helps
integrate renewables and increase efficiency.

It’s worth noting, however, that sales cycles for utilities are long, which has tempered some VC
enthusiasm historically. But as more start-ups have proven they can sign utility deals, confidence
has grown. The year 2021-2024 saw some of the biggest funding rounds in this space, in line with
a broader tech investment boom, especially in Al

Corporate Investment and Partnerships
Beyond VC, a lot of capital comes via corporate partnerships and joint projects:

e Tech Giants Investments: Google, Microsoft, Amazon have energy innovation programs.
Google’s Al fund invested in a couple of grid Al start-ups. Microsoft launched an Energy
Innovation initiative funding early-stage companies that build on Azure. These aren’t
acquisitions but seed money to foster an ecosystem that ultimately uses their platforms.

o Joint Development Programs: Some large utilities and vendors co-fund development of
specific solutions (e.g., EPRI’s Incubatenergy Network in the U.S. pairs start-ups with
utilities for paid pilot projects — essentially the utility “invests” by funding a pilot and
perhaps takes an equity stake or first-customer advantage).

e Government Grants: Especially in Europe (via Horizon Europe, etc.) and the U.S. (DOE
grants), substantial non-dilutive funding has gone into grid analytics projects — for instance,
a consortium might get a €10M grant to trial Al for TSO operations with a start-up
providing tech. This kind of funding de-risks and effectively boosts the sector, making
start-ups more attractive to follow-on investors if pilots succeed.

Mergers and Acquisitions (M&A)

We have already mentioned a number of acquisitions; here we summarise recent notable M&A
trends:



Large Vendors Acquiring Al Specialists: Schneider Electric’s acquisition of AutoGrid
(2022) is a prime example: a big industrial firm bought a leading Silicon Valley start-up to
instantly gain a foothold in DER orchestration and utility Al. General Electric acquiring
Opus One (2021) similarly bolstered its distributed grid analytics. Hitachi’s earlier
acquisition of ABB Power Grids (completed 2020) included ABB’s software suite; Hitachi
then integrated additional analytics (Hitachi had also bought an IoT analytics firm,
Pentaho, in 2015).

We anticipate this pattern continuing: other giants might eye companies like Uplight
(customer+grid analytics) or Oracle might consider buying a DERMS specialist to
complement its utility offerings, etc. Essentially, capability-driven M&A: if a vendor
finds itself weak in an area like EV management or forecasting, they may buy a company
rather than build from scratch, given time-to-market pressures.

Horizontal M&A Among Software Firms: We might see mid-sized grid software
companies merging to scale up. For instance, a European ADMS company and a U.S.
analytics company might merge to offer a transatlantic solution and better compete with
GE/Siemens.

Utility Consolidation and Tech Acquisition: Sometimes utilities themselves acquire tech
companies if they see a strategic fit. A notable example: European utility E.ON bought
Envelio (grid planning software start-up) in 2022. Similarly, utilities have bought stakes or
entire companies that focus on, say, grid cyber security or asset analytics, to own the IP
and not rely solely on vendors. While not extremely common (utilities usually prefer to
partner), it is a trend for the most forward-thinking large utilities to have tech subsidiaries
or make acquisitions (Enel has Enel X which acquired various tech firms to expand its
offerings in demand response and EV charging).

Private Equity (PE) and Spin-offs: Big industrials sometimes spin off their software units
(e.g., Siemens carved out some software into standalone businesses). Private equity has
also shown interest in this space, especially for established software with steady utility
customer bases. For example, a PE firm acquired OSI Inc. (a SCADA/ADMS vendor)
before it was sold to Emerson. We might see more PE-led roll-ups: a PE fund could buy
several niche grid software companies and combine them to create a more comprehensive
suite and then sell off to a strategic buyer later.

Valuation Multiples: Companies in this space, especially if showing growth, have
commanded high revenue multiples in acquisitions (in part because industrial companies
value the strategic aspect, not just current earnings). It’s not unusual to see 5-10x revenue



multiples for promising software firms, which is quite attractive to founders/investors and
drives continued M&A interest.

Investment in Related Areas

Energy Storage & EV Integration: A lot of investment is also going into energy storage
companies and EV charging networks. While these are hardware-centric, they all have a software
component for control and aggregation, which often overlaps with grid analytics. For example, a
battery company might acquire an Al start-up to better manage its fleet, or an EV charging provider
might invest in software that optimises charging with grid signals. These adjacent investments
indirectly shape the grid software market because they often result in new platforms or data streams
that need integration.

Global Investment in Energy Storage & EV Integration (2022-2024)
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Long-term Investment View: Infrastructure investors and large asset managers (like SoftBank’s
Vision Fund historically, or BlackRock’s funds) are starting to look at grid digitalisation as part of
the broader infrastructure theme. For instance, some infrastructure funds have begun investing in

smart meter rollouts combined with data services contracts (a quasi-infrastructure/tech hybrid
deal).

Looking ahead:

e We expect continued high investment as the grid’s digital transformation is still in early
innings globally. There are hundreds of utilities worldwide that have yet to adopt advanced
analytics — a huge growth runway.



M&A likely to intensify as well, possibly culminating in a few dominant players. By 2030,
the landscape could see, say, a “Schneider/AutoGrid + another acquired startup + maybe a
piece of a telecom” forming one ecosystem, versus “Siemens + some Al acquisitions” as
another, etc. At the same time, new startups will keep emerging as technology evolves
(e.g., maybe quantum computing for grid optimisation later on — new firms could spawn
and be tomorrow’s targets).

One can also foresee acquisitions of energy Al companies by non-traditional players —e.g.,
big cloud companies might decide to buy one to bolster their energy cloud services if they
feel it’s strategic enough.

In summary, the investment climate is robust, reflecting strong confidence that Al and software
are indispensable to future grids:

Venture funding is fueling innovation and bringing fresh ideas to market.

Corporate investors (utilities and vendors alike) are deeply involved, ensuring the
innovations align with real needs.

M&A is bringing together the best of both worlds: the agility of startups with the scale and
market access of established firms.

This dynamic environment suggests a healthy cycle: innovation, validation (via
pilots/funding), scaling (via partnerships or acquisition), and integration into mainstream
solutions — thereby accelerating the overall adoption of Al in grid management.

For stakeholders, staying informed on these investment flows is important: utilities might prefer
to partner with well-funded companies that will be around, vendors keep an eye on up-and-comers

to buy or out-compete them, and investors look for the next breakthrough to support. All told, the
financial backing behind digital grid tech indicates a collective bet that these technologies will not
only become widespread, but also profitable and valuable in shaping the future energy landscape.



10. Forecast and Outlook (2025-2030)

Looking ahead to the rest of the decade, we expect significant growth and evolution in the Al-
driven grid analytics and software market. Utilities worldwide will increasingly rely on these
solutions as they modernise their networks to be more intelligent, flexible, and resilient. Here we
provide a forecast of market growth, key projections, and the emerging players to watch through

2030.

Market Growth Projections

Market Size Growth: Based on multiple industry analyses, the smart grid analytics and
software market is projected to grow at roughly 10-15% CAGR globally through 2030.
To put this in perspective, if the market is around $8-9 billion in 2025, it could reach on
the order of $15-20+ billion by 2030. Some estimates are even higher when including all
grid software (some include ADMS/SCADA upgrades, etc. under analytics). Factors
driving this robust growth include the continued rollout of smart meters and sensors (more
data = more analytics demand), rising DER and renewable penetration (more complexity
= more software), and the imperative to improve reliability and efficiency (which analytics
can address).

Smart Grid Analytics & Software Market
Regional Growth Projections, 2025-2030 (lllustrative Mid-Case)
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Regionally, North America and Europe are large and will continue strong growth (~10%
CAGR, albeit from bigger base), while Asia-Pacific likely has the fastest growth
percentage (~15% or more CAGR) given major grid expansion and modernisation there
(especially in countries like India and Southeast Asia which are now beginning to invest
heavily in smart grid software after focusing on hardware). China itself is a big unknown



in terms of accessible market — if Chinese vendors proliferate domestically, they could
account for a substantial portion of global revenue albeit mostly within China.

e Adoption Metrics: By 2030:

o We expect virtually all large transmission system operators (TSOs) worldwide will
be using Al-assisted tools for stability analysis and renewable integration. Many
will have achieved the ability to run grids at very high renewable penetration (70-
100% instantaneous in some cases) thanks in part to these tools.

o Perhaps 60-70% of medium-to-large distribution utilities in advanced
economies will have deployed an ADMS or DERMS with significant Al
capabilities (forecasting, optimisation) across their network, not just pilots. In
developing economies, adoption might be in targeted pockets (e.g., big cities or
specific high-need areas).

o The number of utilities with operational VPPs (virtual power plants) or flexibility
marketplaces integrated into operations will grow from a handful today to hundreds
globally by 2030. This suggests a tipping point where orchestrating distributed
resources becomes a routine part of grid ops, not an experimental one.

e Spending Composition: A growing share of grid IT budgets will shift from traditional
hardware and one-time software licenses towards subscription-based analytics services,
cloud infrastructure, and cybersecurity. By 2030, some utility CIOs project that more than
half of their OT software tools will run in a cloud or hybrid environment. Opex spending
for software (as a service) may thus increase relative to capex.

Technology Evolution

o Al Maturity: The Al models themselves will become more mature and specialised. Short-
term (1-3 years), we’ll see refinements in existing use cases (e.g., slightly better prediction
accuracy, faster training times). By later years (5+), entirely new applications might emerge
— for instance, Al for real-time power electronics control (ensuring stability in grids
dominated by inverters, possibly using reinforcement learning to actively damp
oscillations).

Also, we forecast the integration of hybrid AI approaches — combining physics-based
grid models with machine learning (physics-informed Al) — to yield more trustworthy and



explainable solutions, which might become mainstream by 2030 as a way to satisfy
regulators and engineers who want the best of both worlds (accuracy and interpretability).

e Computing Infrastructure: The use of cloud computing in grid operations will have
largely overcome current hesitations by 2030, due to proven security track records and the
sheer need for elastic computing for big data and Al tasks. Edge computing power will also
be ubiquitous — it wouldn’t be surprising if every new transformer or substation controller
installed by 2030 comes with an Al-capable chip by default, ready to deploy new
algorithms via software updates.

Computing Infrastructure

Area 2030 Outlook Implications for Grid Operations
Cloud Computing Broad adoption with mature security assurances; Enables elastic compute for Al/ML
widely used for analytics, forecasting, and large- workloads; lowers IT overhead for
scale data processing utilities
Hybrid & Edge Real-time and mission-critical functions increasingly Improves latency, resilience, and
Architectures hosted at the edge, with cloud for supervisory real-time responsiveness
layers
Al-Capable Field New transformers, inverters, and substation Supports on-device analytics,
Devices controllers include built-in Al chips by default adaptive control, and rapid

deployment of new algorithms

Software-Defined Grid Devices updated via secure software pushes; Enhances flexibility and accelerates
Assets algorithms iterated continuously innovation in grid control

o Integration & Platforms: We anticipate a more platform-centric market — instead of
buying many discrete tools, utilities might subscribe to a platform (from one of the major
vendors or cloud providers) where numerous apps (made by various developers) can run
on the utility’s data seamlessly. Essentially app stores for the grid could emerge (a secure
one, curated for utilities). This fosters innovation, as small developers can plug into bigger
platforms rather than selling full-stack solutions.

By 2030, the winner(s) of these platform battles might start to be clear, whether it’s a
GE/Siemens-led platform, an open-source consortium, or a cloud provider’s energy cloud.

Emerging Players and Competitive Outlook

e Major Vendors in 2030: We expect the current big players to still be major forces, albeit
transformed. GE Vernova, Siemens, Schneider, Hitachi Energy, Oracle, etc., will likely
have fully integrated Al in all their offerings. They might also reposition — e.g., GE might
spin off or public-list its digital grid unit if it becomes big enough; Siemens might bring in
more partners into its ecosystem, etc. Some could merge (speculatively, if any major



consolidation like Siemens buying a part of GE’s software or vice versa happened, which
is hard to predict but not impossible as boundaries blur between IT and OT firms).

Big Tech presence: Microsoft and Amazon could very well be among top providers for
cloud-based utility analytics by volume, even if indirectly. If many utilities use Azure or
AWS with native services, those companies will quietly accumulate a significant market
share in the infrastructure and maybe even application layer (especially if they develop
turnkey solutions with partners).

e Emerging Dominant Start-ups: Some start-ups from today will scale significantly by
2030 and possibly go public or remain independent leaders. Hypothetically, a company
like Uplight (which deals in customer and grid analytics) could become a large,
independent software vendor serving dozens of utilities globally with a suite of products.
Or AutoGrid might, under Schneider’s wing, effectively become Schneider’s software
division powerhouse. We could also see new faces: consider Al domains like quantum
computing for grid optimisation — if a company cracks that, they could upend how we
solve certain grid problems and rise rapidly late in the decade.

e New Entrants: As noted, companies from EV, oil & gas, and others may have spun off or
grown their power divisions significantly. An example: Tesla might not only supply
batteries but also be a major software player operating virtual power plants worldwide by
2030, leveraging its huge EV and battery install base. Similarly, Shell Energy might
operate a global portfolio of flexible assets controlled by an in-house AI platform,
effectively acting as a competitive service provider to grid operators.

Even companies like Facebook (Meta) or Apple — which invest in energy for their own
needs — might develop internal Al energy management tools that they then offer
commercially (this is speculative, but as big energy consumers, they also have incentives
to optimise and maybe share their innovations).

o Utilities as Innovators: A few large utilities, especially in Europe, might commercialise
their in-house systems by 2030. For instance, if Enel’s digital twin platform is superb, they
might offer it as a service to other utilities in regions where they don’t operate. This could
create a new competitive dynamic — utility as vendor to other utilities.

Strategic Outlook

e Industry Transformation: By 2030, the concept of a “smart grid” will likely have shifted
from being a separate initiative to just the normal way of doing business. Al and real-time



software will be so integrated that the grid is essentially an autonomous or semi-
autonomous system with humans supervising — much like autopilot in aviation. Utilities
will have reorganised some of their workforce around digital skills (more data scientists on
staff, control room engineers who are as much IT operators as electrical engineers).

e Market Sizing Beyond Software: If we consider the ripple effects — the efficiency gains
from these tools might let utilities and regulators channel savings into other investments
(like more EV charging or reinforcing aging infrastructure). It’s possible that successful
demonstration of grid analytics’ value will lead regulators to approve even more spending
on them. A positive feedback: small successes lead to larger programs. For example, a
utility may go from a $2M pilot to a $50M full deployment, and then other utilities follow
suit.

Illustrative Scaling of Grid Analytics Investment
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e Challenges: On the flip side, some challenges might temper things:

o If an Al-related failure or blackout occurred somewhere (e.g., an algorithm mis-
operates and causes a problem), it could make regulators cautious and slow
adoption temporarily until trust is rebuilt.

o Talent to implement all this might be a bottleneck — utilities are competing with
Silicon Valley for Al experts; by 2030, hopefully the workforce pipeline will have
caught up, but training power engineers in Al (or vice versa) is a need that industry
recognises and is addressing via universities and professional programs.

e Geographical Differences: Developing regions might leapfrog in some areas — for
example, an African microgrid developer could use cutting-edge Al to manage dozens of
village microgrids remotely with minimal staff, showing a model of high automation in



areas that never had legacy systems. Asia could produce some low-cost yet effective
solutions (China exporting a turnkey “digital grid in a box™ solution to Belt & Road
countries, for instance, changing the competitive pricing landscape).

Key Takeaway Forecast: By 2030, Al-driven grid analytics and software will no longer be a
novelty; they will be a fundamental pillar of utility operations. We will likely look back and find
it hard to imagine operating grids without predictive algorithms and automated controls — similar
to how we’d find it hard today to imagine managing a telephone network without digital switching
and software.

The market will be larger, more consolidated around proven platforms, but also continually
injected with innovation as new technologies (quantum computing, even more advanced Al, etc.)
come into play. The decade’s end-state should feature a more decarbonised, digitalised, and
decentralised grid — and the companies that enable that transition will find themselves in a strong
position, both commercially and strategically, in the global push for sustainable and reliable
energy.



11. Strategic Recommendations

Finally, we distill strategic recommendations tailored to three key stakeholder groups in this
sector: utilities, technology firms, and investors. Each of these groups has a crucial role to play
in advancing Al-driven grid analytics, and each can take specific actions to position themselves

for success in the coming years.

For Utilities (Grid Operators and Energy Providers):

1.

Develop a Holistic Digital Grid Strategy: Utilities should formulate a comprehensive
roadmap for grid digitalisation that aligns with their business goals (reliability, efficiency,
decarbonisation). Rather than ad-hoc tech deployments, have a master plan that identifies
priority areas (e.g., outage reduction, DER integration, asset optimisation) and timelines.
This strategy should include workforce development (training staff on new tools) and
change management, as organisational culture is as important as technology.

Start with High-Impact Use Cases: Focus initial Al/analytics deployments on use cases
with clear ROI or quick wins to build internal momentum. For example, predictive
maintenance of transformers or Al-driven voltage optimisation could show tangible
benefits (fewer outages, energy savings) in a year or two. Early successes can justify
broader investments and get buy-in from executives, regulators, and field staff.

Invest in Data Quality and Infrastructure: Ensure the foundation is in place — upgrade
communication networks, invest in a modern data platform (ideally one that breaks down
silos and can handle IT/OT data convergence). Clean, standardised data is a prerequisite
for effective Al. Many utilities find that before they can apply fancy algorithms, they need
to fix SCADA timestamp issues, GIS mismatches, etc. It’s not glamorous, but it is crucial.
Also consider adopting common data models (like CIM) to ease future integrations and
analytics deployment.

Embrace Cloud and Cybersecurity Proactively: Overcome hesitation about cloud
computing by starting with non-critical analytics and working closely with cloud providers
to meet security requirements. Many peers have shown it can be done securely and cost-
effectively. At the same time, strengthen cybersecurity across all digital projects — involve
your security teams early in analytics initiatives, conduct threat assessments for new
systems, and ensure Al systems have fail-safes (e.g., if an anomaly detection system fails,
it defaults to a safe state rather than causing a protection relay to mis-operate).



5. Leverage Partnerships and Collaboration: Utilities don’t have to innovate in isolation.
Join industry consortiums (like EPRI’s Al initiatives or EU project clusters) to share
knowledge and even co-develop solutions, reducing cost and risk. Collaborate with startups
via accelerators or sandbox programs — offer your grid as a testbed in controlled pilots; in
return, get early access to innovation. Also, engage regulators as partners — keep them
informed about your digital projects, possibly through demonstration projects and
transparent reporting of results, so they feel comfortable allowing cost recovery and scale-

up.

6. Prioritise Interoperability and Avoid Vendor Lock-In: When procuring new systems,
mandate adherence to open standards and require the ability to export your data and
models. This will save headaches later and give you flexibility. Multi-vendor strategies
(with integration layers) can sometimes yield better results than a monolithic solution, as
long as you plan the integration properly. Where possible, negotiate contracts that include
knowledge transfer — ensure your team learns how a vendor’s Al works and can tune it,
rather than being completely dependent on external support.

7. Cultivate Digital Talent and Culture: Hire data scientists, power system engineers with
coding skills, and even UX/UI designers (to create better operator interfaces). But beyond
hiring, upskill existing employees — field crews should learn to trust and utilize predictive
insights (e.g., using a tablet that shows Al-predicted fault locations), and control room
operators should be trained to work alongside Al advisory systems. Encourage a culture of
data-driven decision making at all levels. Celebrate instances where using analytics
prevented a problem, to reinforce adoption.

For Technology Firms (Vendors, Start-ups, Software Developers):

1. Understand Utility Needs and Constraints: Successful grid software companies deeply
understand utility operational workflows, regulatory constraints, and pain points. Tech
firms should invest time in learning the domain (perhaps hiring former utility engineers or
collaborating with utility advisors). Tailor your solutions to directly address key utility
KPIs like SAIDI, DER hosting capacity, or O&M cost reduction. Also, design with the
end-user in mind — whether it’s an operator, planner, or field crew — ensure the Ul and
outputs are intuitive and actionable, not just a black box.

2. Demonstrate Clear Value and Reliability: Utilities are risk-averse and inundated with
tech hype, so stand out by quantifying the value of your solution with real data from pilots
or reference projects. For a start-up, securing one or two pilot projects and rigorously
measuring the improvements (with utility-verified results) greatly helps in convincing
other utility customers. Additionally, emphasize reliability: if your software is to be used



in operations, it must be robust (99.99% uptime, failsafe modes, etc.). Obtaining relevant
certifications (like ISO quality management, cybersecurity certs) and a track record of
stable deployments will set you apart.

Interoperability and Open APIs: Ensure your product can plug into existing utility
environments smoothly. Support common protocols (CIM, 61850, DNP3, etc. as relevant).
Provide open APIs or integration toolkits so that a utility or third-party integrator can
extend or embed your functionality. No utility wants a siloed tool that can’t talk to others
— position your solution as easily integrated, which lowers adoption barriers. If possible,
back integration promises with successful examples or even guarantee integration support
in contracts.

Flexible Deployment Models: Different utilities have different IT preferences; some want
cloud, some on-premises, some hybrid. Be flexible in offering deployment options. Cloud-
native firms might consider offering an on-premise or private cloud version for utilities
who require it (perhaps via partnerships with data center providers). Also consider modular
offerings — maybe a utility only wants your forecasting module but not the whole platform;
accommodating that can get your foot in the door for later expansion. Subscription models
are increasingly favored, but for some regulated environments, offering a traditional
licensing or capex model could ease procurement (some regulators allow software to be
capitalized if structured right).

Security and Compliance as Core Features: Build security into the product from ground
up. Undergo vulnerability assessments, ensure encryption of data in transit and at rest,
implement role-based access control, and log activity for audit. When you approach a
utility, be prepared with documentation on how you meet NERC CIP (if in North America)
or other applicable standards. Also consider data privacy — if your solution uses customer
data, enable features like anonymisation or aggregation to help utilities comply with
privacy laws. Proactively addressing these concerns shows professionalism and reduces
one major friction point in the sales process.

Partner for Scale: If you’re a start-up, forging partnerships with bigger players can
accelerate your reach. This could be formal reseller agreements with established grid
vendors or joining programs by cloud companies that promote partners’ solutions. Being
part of a larger ecosystem can lend credibility and sales channels. Just ensure the
partnership aligns with your interests (avoid exclusivity that might limit you). Also, find
champions among utilities — a satisfied client utility can speak at industry conferences or
with peers, effectively becoming a reference that money can’t buy.



7. Continuous Innovation and Adaptation: The grid is changing, so your product must

evolve. Keep R&D strong — for example, incorporate new data sources (weather
intelligence, high-res satellite imagery, EV charger data) as they become available and
relevant. Listen to customer feedback and iterate; utilities will be frank about what works
and what doesn’t. Stay ahead by tracking regulatory changes; if you know a region is
implementing a new market rule (e.g., capacity markets for DER), maybe tweak your
product to accommodate that and market it as “Order 2222 ready” or “compliant with new
EU network codes.” Flexibility and agility are advantages smaller tech firms have over big
incumbents — use that to adapt quickly to the moving target of grid needs.

For Investors (Venture Capital, Private Equity, Utility Shareholders):

1.

Focus on Teams with Domain Expertise: When evaluating companies in this sector, pay
close attention to whether they have utility domain knowledge on the team or via advisors.
Grid operations is complex and littered with start-ups that failed because they
underestimated integration challenges. Founders or leadership who have worked at utilities
or major grid vendors, or strong partnerships from early stages with utilities (like pilots)
are less likely to build in a vacuum. Invest in those who blend cutting-edge Al skill with
grid savvy.

Assess the Path to Scale (Pilots to Production): One key risk is that start-ups get stuck
in endless pilot purgatory and can’t scale revenues. During due diligence, examine the sales
cycles, regulatory hurdles, and integration burdens their product faces. Encourage portfolio
companies to develop strategies to shorten sales (maybe by focusing initially on municipal
utilities or smaller co-ops that have simpler procurement, then leveraging those wins). Be
prepared for longer timelines than a typical enterprise SaaS — patience and follow-on
investment might be needed, but the payoff can be strong due to high customer stickiness
once a product is embedded in utility operations.

Support Collaboration and Networking: Use your investor network to facilitate
introductions between your portfolio companies and potential utility customers or strategic
partners. Often, trust is vital in this industry — a warm introduction or endorsement can help
a young company gain credibility. If you have multiple investments in the energy domain,
foster synergies (e.g., maybe your smart meter analytics company can partner with your
EV charging startup for a combined offering). Investors in this space should almost act as
conveners, given the ecosystem nature of power systems.

Monitor Regulatory and Policy Signals: Because regulatory decisions can make or break
certain market opportunities, stay informed or even actively engage in policy discussions.
For instance, if an investment hinges on a certain market opening (like aggregator access



to a capacity market), weigh that in your scenario planning. Encourage your companies to
have strategies for multiple regulatory environments (like if a policy is delayed, can they
pivot to a different use case or geography?). In some cases, consider funding policy
research or advocacy if it aligns with broader industry modernization (for example,
supporting non-profits or industry groups that push for interoperability standards or DER
integration rules can indirectly benefit your investments by expanding the market).

5. Long-Term Value vs. Quick Exit: While exits via M&A have been common (and will
continue), recognise that some companies might create greater value by growing rather
than selling early. If a portfolio company has the potential to become a platform or
significant standalone player, consider supporting it through later funding rounds instead
of pushing for a quick strategic sale. The market is growing such that an IPO or large
valuation exit could be plausible later in the decade as generalist investors appreciate the
scale of digital grid infrastructure needs. Of course, exit strategy depends on fund mandate,
but an investor who understands the utility industry’s timelines may decide that patience
yields a much bigger outcome.

6. Incorporate ESG and Impact Metrics: Many investors have ESG goals — grid analytics
investments often score well because they enable renewable integration (environmental),
improve reliability (social impact), and make utilities more efficient
(governance/economic). Track and report the positive impact: e.g., how much carbon
reduction did Al-enabled efficiency achieve? How many more customers get reliable
power due to a software deployment? These metrics not only satisfy ESG reporting but
also can enhance the narrative for follow-on funding or public listing, as they show the
broader value of the technology beyond revenue.

7. Diversify Within the Sector: The grid tech space has multiple sub-segments (transmission
vs distribution focus, hardware-software combos vs pure software, customer-side vs grid-
side, etc.). Diversifying across a few of these can spread risk — for instance, one company
might thrive if DER integration booms, another could do well solving asset aging
irrespective of DER trends. Also, consider international diversity — energy transition is
global but unfolds differently per region; a balanced portfolio might have a mix of
companies focusing on US, European, and emerging markets, to capture growth
everywhere and hedge against region-specific regulatory issues.

In conclusion, each stakeholder should take proactive steps to harness the momentum of Al-driven
grid analytics:



o Utilities need to lead their transformation with clear vision and openness to new tools, all
while maintaining the trust of regulators and customers in a safe, reliable grid. Those that
do will turn challenges (like DER disruptions) into opportunities (like flexible grid
services), and operate more cost-effectively, which in the long run benefits both the utility
and its customers.

e Tech firms should marry innovation with practicality — solving real problems and
integrating seamlessly into the complex utility environment. By building trust and
demonstrating value, they can become long-term partners in the utility ecosystem and ride
the wave of investment flowing into grid modernisation.

o Investors should be realistic yet optimistic: this is a sector with huge tailwinds, but it
requires a nuanced approach respecting its unique dynamics. Smart capital allocation and
active support of portfolio companies can not only yield financial returns but also
contribute significantly to the global clean energy transition and grid reliability
improvements.

If each stakeholder group acts strategically — utilities modernising boldly but wisely, tech
companies delivering reliable solutions, and investors fueling and guiding innovation — the 2025—
2030 period will likely be remembered as the era when the “smart grid” became truly intelligent
and adaptive, meeting the demands of a new energy age.



Appendix: Sources and References

1. Mordor Intelligence — Smart Grid Data Analytics Market (2025-2030): Provided
market sizing and growth estimates, noting a projected CAGR of ~12.1% from 2025 to
2030 (USD 8.25 billion to USD 14.6 billion) and highlighting drivers such as AMI data
surge, DER adoption, and the shift to cloud-native analytics mordorintelligence.com
mordorintelligence.com. This report also emphasized how AI/ML underpins modern load
forecasting, outage prediction, and DER orchestration mordorintelligence.com.

2. Strategic Market Research — Smart Grid Analytics Market: Corroborated market
growth trends and provided alternative sizing, indicating a market of USD 4.8 billion in
2024 expected to reach higher values by 2030 (exact figure truncated in snippet)
strategicmarketresearch.com, aligning with a high growth outlook in the sector.

3. Utility Dive (Phil Schwarz, OpenText) — Digital Twins for Utilities (2024): Discussed
the rising role of digital twins in operational efficiency and safety for utilities, citing a
McKinsey estimate that the global market for digital twin technologies could grow 60%
annually, reaching $73.5 billion by 2027utilitydive.com. It underlined how coupling
AI/LLMs with digital twins can maximize value (predictive and autonomous operations)
utilitydive.com utilitydive.com.

4. EY (Michael Juchno) — AI Predicts Outages (2025): A case study with Eversource
Energy showing Al-driven outage prediction results. It noted that integration of diverse
data (weather, GIS, vegetation, SCADA) allowed avoidance of 40,000 customer outages
in two months ey.comey.com. It also mentioned an EY survey: 73% of utility execs use Al
to some extent, but only 18% feel it has met expectations so farey.com, highlighting room
for improvement and the promise of initiatives bridging that gap.

5. Crunchbase News (Mark Grace) — Grid Startups (2025): Provided insight into the
startup landscape and venture perspective. It pointed out rising electricity demand (30%
next decade) and grid strain in the U.S., with outages up 61% (average American outage
time 2023 vs 2013)news.crunchbase.com. The article named startups like Rhizome
(climate risk analytics), ThreeW (visual asset management), Gridware (grid monitoring) as
key innovators tackling grid resiliencenews.crunchbase.com. It also described how bottom-
up innovation (DERs, VPPs like Daylight’s crypto-incentive VPP) is emerging to
complement or bypass traditional top-down utility approaches news.crunchbase.com
news.crunchbase.com.



https://www.mordorintelligence.com/industry-reports/smart-grid-analytics-market#:~:text=Study%20Period%20%202019%20,America%20Market%20Concentration%20%20Low
https://www.mordorintelligence.com/industry-reports/smart-grid-analytics-market#:~:text=The%20Smart%20Grid%20Data%20Analytics,bridge%20legacy%20SCADA%20environments%20with
https://www.mordorintelligence.com/industry-reports/smart-grid-analytics-market#:~:text=%28DERs%29%2C%20and%20expanding%20electric,time
https://www.strategicmarketresearch.com/market-report/smart-grid-analytics-market#:~:text=Smart%20Grid%20Analytics%20Market%20Size,is%20expected%20to%20reach
https://www.utilitydive.com/spons/digital-twins-reimagined-at-scale-for-utilities/732588/#:~:text=Digital%20twins%20of%20assets%2C%20equipment%2C,4
https://www.utilitydive.com/spons/digital-twins-reimagined-at-scale-for-utilities/732588/#:~:text=or%20used%20by%20either%20one,safely%20act%20on%20machine%20performance
https://www.utilitydive.com/spons/digital-twins-reimagined-at-scale-for-utilities/732588/#:~:text=estimates%20that%20the%20global%20market,4
https://www.ey.com/en_us/insights/power-utilities/ai-can-help-utilities-predict-grid-outages#:~:text=A%20recent%20collaboration%20between%20Ernst,avoided%20in%20just%20two%20months
https://www.ey.com/en_us/insights/power-utilities/ai-can-help-utilities-predict-grid-outages#:~:text=control%20and%20data%20acquisition%20,avoided%20in%20just%20two%20months
https://www.ey.com/en_us/insights/power-utilities/ai-can-help-utilities-predict-grid-outages#:~:text=outages%20have%20been%20avoided%20in,just%20two%20months
https://news.crunchbase.com/clean-tech-and-energy/ai-power-grid-utilities-startups-grace-m13/#:~:text=For%20the%20first%20time%20in,equipped%20to%20handle%20that%20transition
https://news.crunchbase.com/clean-tech-and-energy/ai-power-grid-utilities-startups-grace-m13/#:~:text=Among%20the%20key%20players%2C%20Rhizome,backbone%20of%20our%20energy%20system
https://news.crunchbase.com/clean-tech-and-energy/ai-power-grid-utilities-startups-grace-m13/#:~:text=The%20solution%20is%20at%20the,edge
https://news.crunchbase.com/clean-tech-and-energy/ai-power-grid-utilities-startups-grace-m13/#:~:text=Decentralization%20as%20a%20coordination%20infrastructure

6. StartUs Insights — Top Grid Management Startups (2025): Listed exemplary startups
globally:

o BluWave-ai — Al for distribution optimisation, with edge and center platforms to
predict demand peaks and shape loads startus-insights.com startus-insights.com.

o Envelio — grid planning software for DSOs, offering a platform with 12 applications
from connection request assessment to stress testing future scenarios startus-
insights.com startus-insights.com.

o NovoGrid — real-time grid monitoring solution focusing on optimising wind farm
energy delivery; uses minimal local measurements to infer remote grid conditions
with 99% accuracy startus-insights.com startus-insights.com.

o Grid4C — Al for fault prediction on the grid edge, analysing smart meter data to
forecast loads and detect equipment issues without extra hardware startus-
insights.com startus-insights.com. These examples illustrate the diversity of

innovations (from edge optimisation to planning tools) and their reported benefits,
informing competitive landscape and use case content.

7. GE Vernova— GridOS Orchestration Platform: Provided context on how major vendors
are positioning themselves. GridOS is described as the first software portfolio for grid
orchestration, supporting up to 70% renewables penetration and promising reliability
improvements (19% faster restoration) gevernova.com gevernova.com. It reflects the
marketing and capabilities big vendors claim (like DERMS, ADMS, data fabric
integrated). It also noted GE’s demo project with UK NG ESO achieving ~40% cost
avoidance in inertia management via advanced tools gevernova.com gevernova.com.

8. Schneider Electric Press Release — One Digital Grid Platform (2025): Announced
Schneider’s Al-enabled unified platform combining planning, operations, asset
management prnewswire.com prnewswire.com. It highlighted features like Al-based
Estimated Time of Restoration, Grid Al Assistant in ADMS, and Al-driven network model
tuning prnewswire.com prnewswire.com. Also cited was Schneider’s research that the U.S.
needs 1,000-2,000 TWh added per decade to meet new demand from Al, electrification,
etc., indicating grid capacity challenges prnewswire.com. This source underpins statements
on vendor strategies, new platform capabilities, and the context of rising demand due to Al

and electrification.

9. BusinessWire — Grid Resilience Market Report (2025): Offered macro market
perspective: global smart grid market forecast to grow from $71.3B in 2024 to $216.4B by


https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=BluWave,Optimization
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=information%20from%20the%20substation%20service,and%20alerts%20for%20load%20shaping
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=Envelio%20%E2%80%93%20Grid%20Network%20Planning,Operation
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=Envelio%20%E2%80%93%20Grid%20Network%20Planning,Operation
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=operators%20in%20digitizing%20and%20automating,supply%20tasks%20in%20the%20grid
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=NovoGrid%20%E2%80%93%20Real
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=remote%20network%20conditions%20at%20a,an%20accuracy%20of%20over%2099
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=Grid4C%20%E2%80%93%20Fault%20Predictions%20For,Grid%20Assets
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=Grid4C%20%E2%80%93%20Fault%20Predictions%20For,Grid%20Assets
https://www.startus-insights.com/innovators-guide/4-top-grid-and-power-management-startups-out-of-258-in-energy/#:~:text=utility%20grid,the%20installation%20of%20expensive%20hardware
https://www.gevernova.com/software/products/gridos#:~:text=Orchestrate%20the%20Grid,Future
https://www.gevernova.com/software/products/gridos#:~:text=19
https://www.gevernova.com/software/products/gridos#:~:text=~40
https://www.gevernova.com/software/products/gridos#:~:text=,MEDs
https://www.prnewswire.com/news-releases/schneider-electric-debuts-one-digital-grid-platform-to-help-utilities-modernize-and-address-energy-costs-302617994.html#:~:text=The%20One%20Digital%20Grid%20Platform,efficiency%20and%20enhance%20customer%20communication
https://www.prnewswire.com/news-releases/schneider-electric-debuts-one-digital-grid-platform-to-help-utilities-modernize-and-address-energy-costs-302617994.html#:~:text=One%20Digital%20Grid%20Platform%2C%20we%27re,delivers%20affordable%20energy%20for%20all
https://www.prnewswire.com/news-releases/schneider-electric-debuts-one-digital-grid-platform-to-help-utilities-modernize-and-address-energy-costs-302617994.html#:~:text=Unleashing%20the%20Power%20of%20AI,enabled%20capabilities%20include
https://www.prnewswire.com/news-releases/schneider-electric-debuts-one-digital-grid-platform-to-help-utilities-modernize-and-address-energy-costs-302617994.html#:~:text=patterns%20to%20predict%20and%20update,reliability%20and%20reduces%20operational%20costs
https://www.prnewswire.com/news-releases/schneider-electric-debuts-one-digital-grid-platform-to-help-utilities-modernize-and-address-energy-costs-302617994.html#:~:text=Meeting%20America%27s%20Energy%20Demand%20Surge,The

10.

11.

12.

2032 (CAGR 11.4%) businesswire.com, underscoring strong overall grid modernization
investment. It named major vendors (Siemens Energy, GE, Schneider, Hitachi, Eaton)
driving grid resilience tech businesswire.com and described how emerging technologies
(DERs, HVDC, PMUs) and Al/IoT enhance resilience businesswire.com
businesswire.com. This supports the report’s outlook on growth and key players.

Eurelectric Blog — Al for Grids and Climate (2025): Gave a European policy viewpoint.
It noted data centers’ rising power demand due to AI (EU+UK consumption up 170% since
2022, possibly 287 TWh by 2030) eurelectric.org eurelectric.org and the strain on grids
(connection delays up to 13 years in EU hubs)eurelectric.org. Yet, it emphasized “Al is
also a solution”: better renewable forecasts, predictive maintenance cutting downtime, Al
demand response shifting consumption eurelectric.org. Eurelectric’s recommendations to
the EC included investing in data readiness, managing data center integration, and an EU
Al energy initiative eurelectric.org eurelectric.org. This provides evidence for discussions

on European regulatory environment, the need for Al (to manage both rising Al-driven
demand and to optimize supply), and data sharing and policy support initiatives.

Logic20/20 — DER Orchestration (2025): Defined and explained DER orchestration
principles: coordinating heterogeneous DERs to mitigate capacity/voltage needs,
allocating grid resources optimally, and choosing the right DER or group for a task
logic2020.com logic2020.com. It described direct control vs autonomous vs market-based
mechanisms for DER coordination logic2020.com logic2020.com and gave an analogy of
unmanaged vs orchestrated DER behavior in a neighborhood logic2020.com

logic2020.com. This source enriched the Technology Overview for DER orchestration and
validated explanation of mechanisms and benefits like avoiding simultaneous EV charging
spikes or utilising excess solar.

Sandia/DOE (Sandtech) — AI-Powered Control Room (2025): Provided detailed insight
into Al in control centers. It noted by 2027, 40% of utilities will have Al in control rooms
(Gartner prediction) sandtech.com. It discussed how utilities only analyze ~2-4% of data
from smart devices sandtech.com, implying a huge untapped potential Al can help utilise.
It enumerated five key Al transformations: unified dashboards, predictive alerts (e.g.,
detecting transformer overheating early) sandtech.com sandtech.com, coordinated

response (automated workflows) sandtech.com, simulations & forecasting (what-if
analysis with digital twins)sandtech.comsandtech.com, and shifting operator roles. It also
cited an example: NREL’s eGridGPT using digital twins to cut model alignment from
weeks to minutes sandtech.com sandtech.com. This source heavily supports sections on
real-time intelligence, trends like generative Al (case study, trends), and the stat of Al
adoption in control rooms.



https://www.businesswire.com/news/home/20251113346989/en/Grid-Resilience-Research-Report-2025-A-%24216.4-Billion-Market-by-2032---Emerging-Technologies-for-Modern-and-Reliable-Power-Systems---ResearchAndMarkets.com#:~:text=The%20global%20smart%20grid%20market,4
https://www.businesswire.com/news/home/20251113346989/en/Grid-Resilience-Research-Report-2025-A-%24216.4-Billion-Market-by-2032---Emerging-Technologies-for-Modern-and-Reliable-Power-Systems---ResearchAndMarkets.com#:~:text=energy%2C%20regulatory%20mandates%2C%20and%20the,vendors%20offering%20grid%20resilience%20technologies
https://www.businesswire.com/news/home/20251113346989/en/Grid-Resilience-Research-Report-2025-A-%24216.4-Billion-Market-by-2032---Emerging-Technologies-for-Modern-and-Reliable-Power-Systems---ResearchAndMarkets.com#:~:text=Emerging%20technologies%20aimed%20at%20improving,solutions%20for%20more%20adaptive%20grids
https://www.businesswire.com/news/home/20251113346989/en/Grid-Resilience-Research-Report-2025-A-%24216.4-Billion-Market-by-2032---Emerging-Technologies-for-Modern-and-Reliable-Power-Systems---ResearchAndMarkets.com#:~:text=The%20study%20examines%20the%20factors,current%20trends%20and%20future%20developments
https://www.eurelectric.org/blog/current-intelligence-making-ai-work-for-grids-customers-and-climate/#:~:text=Our%20Power%20Barometer%202025%20leaves,rise%2C%20these%20pressures%20are%20accelerating
https://www.eurelectric.org/blog/current-intelligence-making-ai-work-for-grids-customers-and-climate/#:~:text=AI,more%20electricity%20than%20conventional%20sites
https://www.eurelectric.org/blog/current-intelligence-making-ai-work-for-grids-customers-and-climate/#:~:text=170,2022
https://www.eurelectric.org/blog/current-intelligence-making-ai-work-for-grids-customers-and-climate/#:~:text=now%20average%202,years
https://www.eurelectric.org/blog/current-intelligence-making-ai-work-for-grids-customers-and-climate/#:~:text=Recommendations,we%20outlined%20five%20key%20recommendations
https://www.eurelectric.org/blog/current-intelligence-making-ai-work-for-grids-customers-and-climate/#:~:text=outlined%20five%20key%20recommendations%3A
https://logic2020.com/insight/harnessing-der-orchestration-for-a-more-flexible-resilient-grid/#:~:text=DER%20orchestration%20refers%20to%20the,and%20other%20decentralized%20energy%20assets
https://logic2020.com/insight/harnessing-der-orchestration-for-a-more-flexible-resilient-grid/#:~:text=,maximizing%20benefits%20and%20minimizing%20costs
https://logic2020.com/insight/harnessing-der-orchestration-for-a-more-flexible-resilient-grid/#:~:text=
https://logic2020.com/insight/harnessing-der-orchestration-for-a-more-flexible-resilient-grid/#:~:text=%23%20Market
https://logic2020.com/insight/harnessing-der-orchestration-for-a-more-flexible-resilient-grid/#:~:text=Why%20DER%20orchestration%20matters
https://logic2020.com/insight/harnessing-der-orchestration-for-a-more-flexible-resilient-grid/#:~:text=production%20can%20be%20used%20to,discharge%20during%20peak%20demand%20periods
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=reality%20where%20distributed%20resources%2C%20variable,applications%20in%20their%20control%20rooms
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=In%20today%E2%80%99s%20grid%2C%20operators%20are,how%20one%20variable%20affects%20another
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=Image
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=This%20capability%20is%20powered%20by,based%20monitoring%20and%20earlier%20intervention
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=Streamline%20action%20with%20coordinated%20response,systems
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=Prepare%20with%20simulations%20and%20forecasting
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=Digital%20twins%20take%20this%20a,below%20shows%20this%20in%20action
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=with%20AI,from%20weeks%20to%20just%20minutes
https://www.sandtech.com/insight/the-ai-powered-control-room-redefining-grid-operations-for-a-dynamic-energy-future/#:~:text=operations%20globaltransmission,from%20weeks%20to%20just%20minutes

13. EY Case Study — Xcel Energy Digital Twin (no date): Described how Xcel built an
enterprise digital twin to harness AMI data (6 billion reads/day) ey.com ey.com. It outlined
combining AMI with other data (SCADA, GIS, CIS) and that EY helped integrate tech for
ingesting and operationalising datacy.com ey.com. Outcomes included new insights:

preventing overloads, better customer service, cost and operational improvements ey.com
ey.com. This case was directly used as a basis for a use case illustrating digital twin
benefits.

14. Global Corporate Venturing — Al & Energy Startups (2024): Showcased various
startups at the Al-energy nexus and barriers to adoption. It featured Gridcare (US)
unlocking unused grid capacity for data centers via Al mapping latent capacity
globalventuring.com globalventuring.com, Ogre.ai (Romania) doing Al forecasting for
power, active in 13  countriesglobalventuring.comglobalventuring.com, Tibo
Energy (Netherlands) offering Al energy management to ease grid congestion by

optimising usage and storage, envisioning decentralised systems acting like a “nervous
system” by end of decade globalventuring.com globalventuring.com. The article also
highlighted barriers: lack of incentives to digitise, data availability issues, and Al talent
gaps in startups globalventuring.com globalventuring.com. This informed competitive
landscape (startups), innovation trends (many tackling grid edge and forecasting), and
challenges (data, policy incentives, talent).

15. Ernst & Young — Xcel Energy Case “The better the answer”: Provided narrative on
how Xcel turned AMI data into intelligence through digital twin technology ey.com
ey.com. It emphasized the challenge of data deluge and need to integrate data for decisions
ey.com ey.com, aligning with points on drivers (smart meter rollout enabling analytics). It
also confirmed improved outcomes like outage reduction, better customer comms, lower
costs through the digital twin approach ey.com.

Each of these sources was utilised to ensure the report’s content is accurate, current, and reflective
of real-world developments. They collectively span market research, technology deep-dives,
industry news, and case studies, providing a well-rounded factual grounding for the analysis.


https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=Minneapolis,for%20new%20products%20and%20services
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=After%20implementing%20AMI%20across%20its,that%20giant%20consumer%20companies%20handle
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=As%20part%20of%20its%20largest,making
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=drive%20efficiency%2C%20augment%20safety%2C%20enhance,and%20modernizing%20the%20associated%20architecture
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=grid%20visibility%20was%20only%20possible,and%20modernizing%20the%20associated%20architecture
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=EY%20US%20helped%20the%20utility,and%20rapid%20access%20to%20pinpoint
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=Gridcare
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=The%20problem%20of%20grid%20capacity,of%20unutilised%20grid%20capacity
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=Image%3A%20Ogre%20AI%20logo
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=Its%20platform%20generates%20forecasts%20for,the%20entire%20energy%20value%20chain
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=It%20envisions%20that%20by%20the,systems%20communicating%20with%20each%20other
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=To%20make%20a%20difference%2C%20these,overcome%20a%20number%20of%20challenges
https://globalventuring.com/corporate/energy-and-natural-resources/8-startups-working-at-the-intersection-of-ai-and-the-energy-sector/#:~:text=Elsewhere%2C%20data%20availability%20is%20also,that%20they%20can%20be%20abated
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=Digital%20twin%20technology%20transforms%20Xcel,reliability%20and%20drives%20new%20opportunities
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=Minneapolis,for%20new%20products%20and%20services
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=It%20is%20designed%20to%20give,data%20sets%20%E2%80%93%20is%20key
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=After%20implementing%20AMI%20across%20its,that%20giant%20consumer%20companies%20handle
https://www.ey.com/en_us/insights/power-utilities/how-digital-twin-technology-shapes-xcel-energy-s-future#:~:text=grid%20visibility%20was%20only%20possible,and%20modernizing%20the%20associated%20architecture

