Why Residential Energy Data Matters for the
Future of the Grid

Executive Summary

As the electric grid evolves toward a more decentralized and decarbonized future, the demand for granular, real-
time insight into residential energy usage has never been greater. Historically, utilities have relied on monthly
meter reads or, at best, hourly interval data to forecast demand, design rates, and plan investments. However, the
rapid proliferation of distributed energy resources—rooftop solar, battery storage, smart appliances—and the
accelerating electrification of transportation and heating load require a far more detailed understanding of when
and how energy is consumed at the home level. Minute-by-minute residential datasets that disaggregate usage by
end-use categories—air conditioning, water heating, electric vehicle charging, and more—unlock a new realm of
possibilities for forecasting accuracy, demand response design, and seamless integration of renewables.

Inergy Systems, recognizing this shift, has developed a comprehensive data collection and analytics suite that
captures real-time, one-minute-resolution energy data from over 10,000 homes in Arizona. By combining
proprietary in-home metering hardware, cloud-based analytics, and customer engagement tools, Inergy not only
supplies high-resolution datasets to researchers and industry, but also provides utilities a turnkey path to
incorporate these insights into planning and operations. This white paper explains why residential energy data
matters for the future of the grid, illustrates compelling use cases, addresses key technical and privacy
considerations, and offers practical recommendations for stakeholders seeking to harness the power of
underlying home-level data.

1. Introduction

A decade ago, a utility planner tentatively studied monthly billing totals to schedule generation needs, design rate
structures, and prioritize distribution upgrades. In many respects, that approach worked when the electricity
system was characterized by large, carbon-intensive central plants pushing power unidirectionally to passive
consumers. Yet the modern grid paints a different picture. Rooftop solar arrays now feed surplus energy back
onto the local feeder during midday, behind-the-meter batteries charge and discharge based on price signals, and
electric vehicles can draw several kilowatts of load from a single garage outlet. Meanwhile, smart thermostats and
Internet-connected appliances provide homeowners with unprecedented visibility into real-time consumption.

For utilities and grid operators, these dynamics introduce both opportunity and complexity. On one hand,
distributed energy resources (DERs) hold the promise of reducing reliance on fossil plants. On the other, the
variable nature of solar generation and increasingly erratic load patterns make conventional forecasting and
planning methods obsolete. Monthly or even fifteen-minute meter reads simply cannot capture the short-duration
ramping of an air conditioner as a heat wave begins, nor the surge of dozens of electric vehicles plugging in at 6
PM when solar output collapses. Without a clear, time-synchronized view of each home's load signature, operators
risk under-forecasting peak demand, overbuilding infrastructure, and missing opportunities to harness flexibility.

Inergy Systems has responded to this challenge by deploying a network of in-home metering devices that capture
energy usage on a one-minute cadence, along with precise disaggregation by major end uses—HVAC, water
heating, pool pumps, EV charging, and other circuits. This detailed dataset serves two key purposes. First, it
constitutes a rich repository that academic researchers, start-ups, and industry innovators can license to develop
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next-generation machine-learning models, appliance analytics, and policy studies. Second, it forms the foundation
of Inergy’s Smart Energy Management System (SEMS), allowing utilities to integrate residential insights directly into
forecasting engines, demand-response programs, and distribution planning workflows.

In the following sections, we explore why high-resolution residential data is so critical, describe representative use
cases, examine the methods behind data collection and privacy safeguards, address technical challenges and best
practices, and conclude with recommendations for utilities, policymakers, and researchers.

2. The Changing Role of Residential Load Data

Traditionally, the electric utility business followed a predictable cadence: central generation plants ramped output
to meet morning and evening load peaks; distribution transformers delivered power to end-uses; and customers
had little input beyond choosing a rate plan. Demand forecasts were based on historical monthly or hourly load
shapes, adjusted for weather and gradual efficiency improvements. In that era, the paucity of data did not
critically impair system reliability: daily load ramps unfolded slowly enough, and the grid possessed ample
contingency reserves to handle minor forecasting errors.

Fast forward to today: distributed solar fleets can slash midday net loads to near zero on sunny days, only for
evening consumption to spike within a 30-minute window as air conditioners switch back on and electric vehicles
begin charging. Home batteries may be absorbing solar energy at noon, but as their owners leave for work, that
stored energy remains inaccessible precisely when the sun dips below the horizon and grid demand surges.
Without precise knowledge of when each home's battery is full, each air conditioner is running, or each EV is
plugged in, grid operators have difficulty predicting how local feeders will behave—and that uncertainty can
threaten reliability.

At the same time, technology empowers utilities to look beyond coarse interval data. Smart meters that read
every fifteen minutes have become more common, but they still cannot detect the short, five- to ten-minute
compressor cycles of a modern, high-efficiency air conditioner—information that is crucial if one wants to design
effective demand response or conservation voltage reduction schemes. By contrast, one-minute resolution data
makes it possible to identify exactly when a thermostat ramps up the compressor, separate that from a peak pool
pump draw, and isolate an EV charging event to a two-kilowatt signature. In this way, each home can be viewed
not just as a monolithic, opaque load, but rather as a collection of behavioral patterns that, when aggregated, can
deliver megawatts of flexibility to the grid.

Inergy Systems has captured over three years of one-minute data from more than 10,000 participating homes in
Arizona—an environment characterized by extreme summer loads and substantial air-conditioning use.
Combined with load-level disaggregation and metadata on occupancy and equipment age, this dataset reveals the
diurnal and seasonal load signatures with a granularity that enables new forecasting models, policy simulations,
and operational programs that were simply impossible with coarser data. Most importantly, utilities no longer
have to assume that each residence behaves like a black box; instead, they can treat homes as intelligent nodes
capable of providing actionable insights or offering controllable load reductions.
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3. The Value of High-Resolution Residential Energy Data

3.1 Enhanced Forecast Accuracy

When a meteorologist forecasts grid demand, they consider temperature, humidity, wind speed, and historical
consumption patterns. However, if those historical patterns are only available at fifteen-minute or hourly
resolution, the model cannot distinguish between a gradual ramp and a sudden compressor-start event. In
contrast, one-minute residential data allows machine-learning models to incorporate fine-grained features such as
compressor on/off cycles, internal heat gains, and occupancy-driven anomalies. By capturing how a typical home's
HVAC responds to a two-degree rise in outdoor temperature, forecasters can predict peak load ramps with far
greater precision—often reducing forecast error by 20 percent or more compared to hourly data.

For instance, Inergy’s data scientists have demonstrated that incorporating one-minute, disaggregated HVAC
consumption into a neural network reduces next-day peak load forecast errors by approximately 15-20 percent
for a regional utility in Phoenix. The difference is not trivial: a 2 percent forecast error on a 1 GW system can
translate into tens of thousands of dollars in unnecessary generator dispatch or reserve procurement costs. By
contrast, with one-minute granularity, planners can more confidently commit resources, schedule market bids,
and avoid overcommitments that inflate operating expenses.

3.2 Optimized Demand Response Programs

Demand response historically relied on large industrial or commercial customers willing to curtail load when
called upon. Residential demand response was treated more as an afterthought, with programs that sent price
alerts and expected homeowners to adjust thermostats or delay laundry manually. While such behavioral
programs can yield modest load shifts, their reliability is limited—some customers may ignore the alert, and
others may not have enough flexibility in their schedules.

High-resolution residential data changes this equation. When a utility can see exactly how much a specific home's
HVAC draws at 3:45 PM, it can predict how much load that home will shed if its thermostat is raised by one or two
degrees. By clustering homes with similar characteristics—those with high SEER-rated central air conditioners,
those with pool pumps likely to run at certain times of day, or those with EVs scheduled to charge in the early
evening—the utility can construct a precise dispatch signal that ensures a target megawatt reduction. Inergy's
Smart Energy Management System (SEMS) leverages one-minute data to estimate baseline load profiles and then
sends automated signals to enrolled thermostats or in-home control units. The result is demand response events
that harvest load reductions with far greater reliability and fewer customer complaints about comfort.

In one pilot conducted during the 2024 summer, a utility in Mesa enrolled 5,000 homes equipped with Inergy's in-
home controllers. During peak events from 4 PM to 7 PM, each controller automatically raised thermostat
setpoints by two degrees and deferred pool pump cycles for 30 minutes. Because Inergy had precise data on
when each home’s compressor ran, the pilot achieved an average of 1.2 kW of load reduction per home—more
than double what comparable programs recorded using only hourly interval data. By reliably shaving 6 MW of
peak load on the hottest afternoons, the utility avoided activating its peaker plant on five occasions, saving an
estimated $150,000 in fuel and startup costs.
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3.3 Integrating Renewable Energy Resources

Distributed solar has introduced the problem of midday overgeneration—when PV output outstrips local load,
causing reverse flows on distribution lines that can lead to overvoltage and require curtailment. Traditional
responses include installing voltage regulators or piloting solar curtailment, but those approaches either incur
capital costs or abandon otherwise valuable renewable energy. A more elegant solution is to shift residential loads
to absorb surplus solar production.

Minute-by-minute data reveals exactly when each home’s water heater or pool pump might run without affecting
occupant comfort. For example, if a homeowner is unlikely to use hot water until evening, SEMS can momentarily
enable the water heater element during the solar peak, effectively storing thermal energy rather than letting PV
output be curtailed. Similarly, if a homeowner's EV is parked but not charging, the system can initiate charging at
midday to soak up excess solar output, then shift that charging schedule off-peak. These orchestrated load shifts
can increase local solar utilization by 15-20 percent.

Inergy’s data from a four-month pilot in Tucson showed that by shifting water heater and pool pump consumption
during solar peaks, participants reduced PV curtailment on their feeders by 25 percent compared to an adjacent
control group. That translated to an additional 4 percent of solar energy consumed locally rather than exported or
curtailed—and saved the local co-op an estimated $75,000 in curtailment penalties and voltage regulation costs.
These results underscore that one-minute resolution data is not a luxury, but a necessity for enabling two-way
flows and maximizing renewable value.

3.4 Targeted Infrastructure Investment

Distribution planners historically sized transformers, conductors, and feeders based on conservative estimates of
peak load growth. Without detailed end-use data, engineers would assume worst-case scenarios—an entire
neighborhood of homes with aging, inefficient air conditioners all operating at once. This conservative approach
can lead to overbuilt infrastructure that sits underutilized for most of the year. Conversely, underestimating peak
loads can cause unplanned overloads, accelerated equipment wear, or even outages.

Minute-by-minute residential data changes the calculus. By analyzing actual load profiles—disaggregated into
HVAC, water heating, pool pumps, and EV charging—planners can identify which feeders are nearing thermal
limits under specific weather scenarios, and which homes have sufficient behind-the-meter flexibility to avoid
upgrades. Inergy's team has assisted utilities in Phoenix to reevaluate planned feeder upgrades by demonstrating
that demand response and load shifting could shave up to 15 percent of worst-case peak load on two critical
feeders. Rather than spending $3 million on transformer replacements and reconductoring, those utilities elected
to invest $400,000 in enhanced demand management programs and deferred capital investments by three years
—saving ratepayers more than $2.2 million in present value.
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4. Representative Use Cases

4.1 Machine Learning Model Development

Academic researchers and startups often need large, labeled datasets to train, validate, and benchmark machine-
learning models for tasks such as load forecasting, anomaly detection, and disaggregation. Coarse interval data
simply cannot capture the subtle temporal signatures that distinguish an electric vehicle from an air conditioner or
a pool pump. Inergy’s one-minute data repository—covering over 10,000 homes with comprehensive metadata on
equipment types, occupancy schedules, and weather conditions—empowers data scientists to develop new
algorithms that can identify appliance signatures with greater than 90 percent accuracy.

In one collaborative project with a university in California, graduate students used Inergy’s dataset to train a
convolutional neural network capable of disaggregating whole-home data into HVAC, water heating, EV charging,
and lighting streams with a median error of under 5 percent. That research, published in a peer-reviewed journal,
has since informed the next generation of non-intrusive load monitoring (NILM) algorithms and opened new
pathways for residential energy efficiency programs.

4.2 Smart Grid Pilot Programs

Utilities seeking to move beyond pilots often find that a lack of high-resolution data prevents them from scaling to
full commercial deployments. Inergy’s SEMS provides a turnkey solution that utilities can incorporate into existing
demand response or distributed energy resource management systems (DERMS). In a recent pilot with a mid-
sized utility in Nevada, SEMS integrated minute-level data with the utility's scheduling engine to automate capacity
market bids. Each morning, SEMS analyzed the previous day's one-minute load profiles, weather forecasts, and
DER availability to propose a 20 MW demand response bid for the following day’'s peak window. Once approved by
the utility, SEMS issued dispatch signals to enrolled homes' controllers, guaranteeing that each home would
reduce load by a precisely calculated amount during a two-hour event. The result was an aggregated, firm
resource that earned the utility $250,000 in capacity revenues over a single summer—enough to offset the entire
cost of installing the in-home devices and managing the program.

4.3 Energy Equity and Low-Income Programs

Low-income households often suffer from high energy burdens, yet they are least likely to have smart appliances
or to be aware of demand response opportunities. Inergy has partnered with local housing authorities to expand
access to minute-resolution data and demand control technology in multifamily residences. In one program,
Inergy installed in-home controllers on water heater loops and corridor lighting circuits in a 200-unit affordable
housing complex in Phoenix. By aggregating modest load shifts—modulating water heater cycles during peak
times and adjusting corridor lighting schedules—Inergy provided 200 kW of reliable load reduction capacity during
summer peaks. Those revenues funded LED retrofits and ceiling insulation, reducing all residents’ energy bills by
an average of 10 percent. Moreover, participant surveys indicated that 85 percent of residents felt more
empowered understanding exactly how their usage translated into cost savings—an early indicator that data
transparency fosters broader energy-smart behaviors.
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5. Data Collection, Management, and Privacy

5.1 In-Home Data Acquisition

Capturing one-minute resolution data at scale requires specialized hardware and robust communications. Inergy’s
in-home metering devices clamp onto major load circuits—HVAC compressor contactors, water heater elements,
pool pump feeders, EV charger lines—and measure current draw at one-second granularity. Those readings are
aggregated into one-minute summaries and labeled by end use via edge-based machine learning that recognizes
each load's unique signature (e.g., the rapid on/off cycles of a compressor versus the steady draw of a
submersible pool pump). Homes with existing smart thermostats can leverage those devices' integrated sensors,
while residences without smart devices receive Inergy’s standalone controller that pairs with the home’s Wi-Fi or a
provided cellular modem.

Once data is collected, it is encrypted and sent to Inergy’s cloud using TLS 1.2 protocols. There, advanced analytics
refine disaggregation models by comparing new readings against the repository of ground-truth submetered
data. Each home's metadata—equipment make/model, square footage, occupancy schedules—is stored alongside
time series data, enabling researchers to slice and dice the dataset for targeted studies. The volume is substantial:
a single home generates over half a million data points per year (525,600 one-minute intervals); 10,000 homes
produce more than 5 billion data points annually. To manage this scale, Inergy utilizes a time-series database
architecture optimized for high-throughput ingestion, partitioned by home ID and timestamp.

5.2 Privacy and Security Safeguards

Energy usage patterns can reveal personal habits—when people wake up, leave for work, or return home—so
privacy is paramount. From the outset, Inergy’s data platform strips personally identifiable information (PIl) from
every dataset before it is made available to third parties. Each residence is assigned a randomized identifier, and
location data is aggregated to the census tract level rather than disclosed at the address level. Only authorized
Inergy personnel and vetted research partners have access to raw time-series data; any offsite analysis runs
against anonymized copies.

In terms of security, all data in transit uses AES-256 encryption at rest and TLS 1.2 in transit. Role-based access
control (RBAC) ensures that only those with appropriate permissions can query sensitive datasets. In addition,
Inergy adheres to energy data privacy guidelines established by state public utility commissions and federal
frameworks such as the Federal Energy Regulatory Commission’s (FERC) data security guidelines. Quarterly
penetration testing and annual third-party audits validate that systems remain secure against evolving threats.

6. Technical Challenges and Solutions

6.1 Data Volume and Scalability

Storing and processing more than 5 billion data points a year requires a robust backend architecture. Inergy
leverages a cloud-native time-series database optimized for write-heavy workloads, partitioned across multiple
nodes. Each home's data stream is sharded based on manufacturer and home ID, allowing parallel ingestion and
near-real-time analytics. As the network expands to tens of thousands of homes, additional storage clusters are
spun up automatically, ensuring that ingestion latency remains under 30 seconds.


af://n873
af://n874
af://n877
af://n881
af://n882

Downstream analytics, such as training disaggregation models or running forecasting algorithms, occur on
separate compute clusters. Python-based machine-learning pipelines process aggregated data daily, updating
each home’s baseline forecast model and verifying disaggregation accuracy using ground-truth submetering from
a rotating subset of homes. That subset—roughly five percent of enrolled residences—is equipped with additional
submeter hardware that measures each end use directly, providing labels to validate and refine the algorithms.

6.2 Disaggregation Accuracy

Accurately separating a single home's total energy draw into distinct end-use categories is inherently challenging
when multiple loads operate concurrently. For example, an electric vehicle charger drawing 3 kW at the same time
as an air conditioner cycle might produce overlapping signatures that confuse simple pattern-matching
algorithms. Inergy addresses this by employing deep-learning models that analyze temporal waveforms on the
order of seconds rather than minutes. Convolutional neural networks trained on thousands of labeled examples
learn to identify the subtle “ramp-up” and “ramp-down” curves of compressors versus the step-function draw of a
charging EV. Over time, with more data and continuous model retraining, disaggregation accuracy has improved
from an initial 85 percent to over 95 percent across all major end uses.

6.3 Communication Latency and Reliability

Certain applications—such as ancillary service participation or frequency regulation—require sub-10-second
response times. To meet these demands, Inergy’s controllers support secure MQTT communications over low-
latency cellular—or, where available, local Wi-Fi mesh networks—bypassing slower AMI backhaul that often has 5
to 15 minute delays. In practice, SEMS can issue a dispatch instruction and verify curtailment within a 5- to 10-
second window, enabling homes to respond to regulation signals or fast-ramping grid events.

When leveraging AMI for less time-sensitive demand response—such as peak shaving from 4 PM to 7 PM—Inergy
can use OpenADR 2.0 over the meter backhaul, which typically delivers five-minute latency. For markets that do
not mandate sub-minute verification, this approach suffices. In regions where neither cellular coverage nor low-
latency backhaul is available, Inergy installs a small LTE modem to guarantee reliable dispatch and telemetry. In
each scenario, rigorous monitoring ensures that if a controller fails to respond (due to communication gaps or
power outages), SEMS automatically reroutes dispatch volumes to other participating homes to maintain the
overall resource commitment.

7. Best Practices and Recommendations

7.1 Collaboration with Utilities and Regulators

Utilities and regulators must collaborate early and often to develop rate structures and program designs that
reflect the value of high-resolution data. For example, performance-based rate mechanisms can reward utilities
that achieve peak reductions using minute-level data, whereas legacy cost-of-service models offer little incentive
to invest in granular metering. By participating in Inergy’s pilot programs and sharing anonymized usage data with
regulators, utilities can build the case for modernizing measurement and verification protocols to accept one-
minute baselines rather than hourly estimates.
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7.2 Phased Deployment Strategy

Broad deployments of in-home data collection hardware can be logistically and financially challenging. Inergy
recommends a phased approach: first, recruit a small cohort of “data champions”"—homes with existing smart
thermostats or high solar penetration—to serve as the ground-truth anchor. Use insights from that group to
refine disaggregation algorithms, test communication protocols, and calibrate baseline forecasting models. In the
second phase, expand to a larger subset of homes across diverse geographies and building vintages, adjusting for
climate and occupant behavior variations. Finally, scale to full service territory once the platform has proven
accuracy, reliability, and customer support workflows.

7.3 Transparent Customer Engagement

Participating homeowners must understand how their data will be used, how often dispatch events may occur,
and what incentives they will receive. Inergy's customer engagement portal delivers plain-language explanations
of upcoming events, projected bill credits, and historical performance. By showing participants exactly how their
home’s curtailment—say, shaving 1.4 kW of HVAC load during a 4 PM event—translated into a $3.60 bill credit,
Inergy fosters trust and long-term participation rates exceeding 90 percent. Furthermore, clear opt-out options
reassure participants that they can override any command without penalty, ensuring that no homeowner feels
trapped.

7.4 Data Governance and Privacy Assurance

Any organization collecting one-minute energy usage data faces significant responsibility to protect customer
privacy. Inergy's data governance framework anonymizes all data streams, aggregates location information to
census tract levels, and removes any direct identifiers before research partners receive access. Periodic third-party
security audits and compliance with state privacy regulations (such as CCPA) reinforce this commitment. Utilities
and program administrators can adopt similar practices—disclosing privacy policies in advance and securing
explicit customer consent—to ensure that high-resolution data remains a trusted resource rather than a liability.

8. Conclusion

The future of the grid hinges on granular, real-time insight into how millions of homes consume electricity. As
rooftop solar proliferates, behind-the-meter storage grows, and electric vehicle adoption accelerates, utilities and
grid operators cannot continue relying on coarse interval data. Minute-by-minute residential energy datasets—
coupled with disaggregation by end use—provide the clarity needed to forecast demand accurately, design
effective demand-response programs, integrate renewables without curtailment, and optimize infrastructure
investments.

Inergy Systems’' comprehensive approach—deploying in-home metering hardware, cloud-based analytics, and
customer engagement platforms—demonstrates how utilities can unlock the latent value of residential energy
data. By sharing these high-resolution datasets with researchers and industry, Inergy also fosters innovation in
machine learning, policy modeling, and smart grid technology. The result is a virtuous cycle: the more granular
data we collect, the better models we build; the better our models, the more reliably we integrate clean energy
and empower consumers to manage their energy costs.
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It is time for utilities, regulators, researchers, and technology providers to embrace the era of one-minute
resolution. By deploying robust data collection networks, refining disaggregation algorithms, and protecting
customer privacy, we can transform the residential load from an opaque risk into an intelligent, flexible resource.
In doing so, we will create a grid that is not only more reliable and cost-effective, but also cleaner and more
resilient—truly shaping the future of energy one home at a time.

About Inergy Systems

Inergy Systems is a leading provider of residential energy data solutions, offering a suite of hardware, software,
and analytics that capture minute-level usage and disaggregate loads by end use. Through its Smart Energy
Management System, Inergy enables utilities, researchers, and innovative companies to harness detailed insights
that drive smarter forecasting, demand response, and renewable integration. Learn more at inergysystems.com.
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