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Executive Summary  
The electric grid is no longer a one‐way conduit delivering electricity from centralized power plants to passive 
consumers. Instead, it is evolving into a dynamic, bi‐directional network in which individual homes can actively 
shape overall system performance. Residential demand control—whereby homes adjust or shift their electricity 
usage in response to real‐time signals—has emerged as a strategic tool to manage peak loads, integrate 
renewable resources, and empower consumers to reduce bills. Inergy Systems offers a suite of demand control 
solutions, including its Smart Energy Management System, that enable utilities and aggregators to orchestrate 
residential flexibility without sacrificing occupant comfort. This white paper explores why residential demand 
control is essential for modern grid resiliency and decarbonization. It examines the technical and behavioral 
underpinnings that make household‐level flexibility beneficial, highlights Inergy Systems’ offerings that simplify 
implementation, and provides recommendations for utilities, policymakers, and innovators seeking to harness 
consumer empowerment as a grid asset.

1. Introduction  
Historically, electrical utilities forecasted demand using broad, aggregated data—monthly billing reads or, at best, 
hourly meter intervals. That approach sufficed when power flowed one way, from large generation facilities to 
homes and businesses that consumed energy on largely predictable schedules. Today, a confluence of factors is 
rendering that model obsolete. Rooftop solar installations and behind‐the‐meter battery systems mean many 
residences now generate and store power. Meanwhile, the rapid uptake of electric vehicles and heat pumps is 
driving new and variable demand patterns. When too many EVs charge simultaneously in the late afternoon, or 
when air conditioners kick on en masse during a heat wave, feeders can overload, and peak wholesale prices 
spike.

Residential demand control responds to these evolving conditions by treating each home as an intelligent node 
capable of responding to price, reliability, or environmental signals. When aggregated, thousands of homes 
participating in demand control can shave several megawatts off peak loads or absorb excess solar production at 
midday. In this way, consumer‐level flexibility becomes a critical enabler of a resilient, low‐carbon electricity 
system. Inergy Systems’ Smart Energy Management System and complementary demand control modules provide 
the necessary hardware, communications, and analytics to turn this vision into reality.
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2. The Evolving Role of Households in Grid Operations  
Just a decade ago, most residences had very little visibility into their instantaneous electricity consumption. 
Homeowners often discovered their most significant energy use only after receiving the monthly bill. Today, with 
smart meters, Internet‐connected thermostats, and in‐home energy monitors, families can see not only total 
consumption but also the behavior of individual appliances. This detailed insight has shifted expectations: 
consumers increasingly want to minimize their energy bills, maximize the benefits of rooftop solar, and participate 
in utility programs that reward flexibility.

At the same time, utilities face new challenges. In areas with high solar penetration, midday net loads can drop 
dramatically, only to ramp sharply as the sun sets. Traditional gas‐fired peaker plants and spinning reserves 
struggle to follow these steep ramps quickly. Meanwhile, distribution transformers and conductors—designed 
decades earlier for relatively smooth load curves—now face erratic demand spikes driven by EV charging clusters 
or simultaneous appliance cycling on hot afternoons. As such, relying exclusively on new generation or 
distribution upgrades to address these challenges is both expensive and time consuming.

Residential demand control bridges the gap between static infrastructure and fluid demand. By adjusting 
thermostats, deferring water heater cycles, or managing EV charging schedules, homes can provide the same 
reliability benefits as a small peaker plant—but at far lower cost and without additional carbon emissions. When 
Inergy Systems’ controllers are installed at each residence, a utility gains real‐time visibility into circuit‐level usage
—HVAC, water heating, pool pumps, EV charging—and can dispatch automated load adjustments within seconds 
or minutes. Through aggregation, residential demand control can provide megawatts of flexibility that would 
otherwise require multimillion‐dollar investments in generation or distribution upgrades.

3. Why Residential Demand Control Matters  

3.1 Managing Peak Demand  

Peak demand drives utility planning decisions. In many service territories, the top few peak hours of the year 
account for a disproportionate share of annual capacity costs. For example, if a distribution substation nearing its 
5 MW capacity is uprated to 6 MW at a cost of $1.5 million, that expense ultimately flows into customer bills. 
Alternatively, if utilities can shed 1 MW of residential load during critical peak hours three to five times per year, 
they can defer that upgrade by several years, saving millions and delaying rate increases.

Inergy Systems’ demand control solution allows utilities to identify which homes have the most significant peak‐
shaving potential. By analyzing minute‐level consumption data from thousands of residences, Inergy’s analytics 
engine builds precise load profiles for HVAC, water heaters, pool pumps, and EV chargers. During a heat wave, 
when air conditioner loads together approach feeder limits, the Smart Energy Management System sends a 
secure signal to each home’s controller, nudging thermostats up by one to two degrees or momentarily pausing 
pool pump operation. In this way, several hundred homes can aggregate into a virtual resource that reliably 
removes the equivalent of a small peaker plant between 4 PM and 7 PM on high‐load days.
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3.2 Enabling Renewable Integration  

Renewable energy output, particularly from rooftop solar, is intermittent and weather dependent. Midday solar 
generation often exceeds local consumption, leading to reverse power flows on distribution circuits. As more 
homes install inverter‐based solar, utilities must balance two opposing trends: preventing overvoltage during 
midday and maintaining adequate supply as solar output falls in the late afternoon. Residential demand control 
helps address both challenges.

When solar production soars at noon, homes with battery storage can shift charging to absorb surplus energy. 
Inergy Systems’ platform integrates with residential battery inverters to ensure that batteries charge during times 
of strong solar output. Simultaneously, in the background, water heater elements can be enabled to store thermal 
energy as a form of “virtual storage,” soaking up excess midday generation that might otherwise be curtailed. As 
solar output declines toward evening, homes can then defer their EV charging or postpone non‐essential loads, 
smoothing the sunset ramp. By coordinating all these actions through a unified control layer—Inergy’s Smart 
Energy Management System—utilities gain a predictable, aggregated response that mitigates both over‐ and 
under‐voltage events on feeders.

3.3 Empowering Consumers  

Most homeowners prize comfort and convenience; asking them to give up air conditioning on a 100°F afternoon 
without compensation is unrealistic. Instead, Inergy Systems’ demand control solutions focus on minimal lifestyle 
impact. When a thermostat is adjusted by one or two degrees, most occupants barely notice, yet the grid benefits 
significantly. Inergy’s customer‐facing portal allows residents to see how much money they save each month by 
participating in demand control events—whether through bill credits, reduced rates, or direct incentive payments. 
By linking these savings to real‐time usage data, homeowners become active partners, understanding exactly how 
and when their behavior impacts both their bills and the broader grid.

Moreover, Inergy’s platform can deliver personalized recommendations: humid-climate homes with large HVAC 
units may receive a suggestion to pre‐cool their living spaces an hour before a peak event, based on weather 
forecasts and historical load data. Electric vehicle drivers can schedule charging to coincide with off‐peak pricing 
or midday solar surpluses. Families with electric water heaters can see their usage trends over weeks and months, 
ensuring they never run out of hot water despite delayed heating cycles. In short, residential demand control 
empowers consumers by giving them control, transparency, and financial rewards—all delivered through Inergy’s 
intuitive interfaces.

4. Inergy Systems’ Demand Control Offerings  
Inergy Systems has invested in developing a seamless, end‐to‐end solution that bridges consumer engagement 
and utility operations. At the heart of this offering is the Smart Energy Management System (SEMS), which 
comprises three key components: in‐home controllers (both stand‐alone and integrated with smart thermostats), 
a cloud‐based analytics and orchestration platform, and a customer engagement portal.

When installed at a residence, the in‐home controller connects to each major circuit—HVAC, water heating, pool 
pump, EV charger—and monitors load at one‐minute intervals. The controller passes anonymized, minute‐level 
usage data to Inergy’s cloud platform, where advanced machine learning models disaggregate consumption into 
end‐use categories and generate baseline forecasts. If the utility or aggregator issues a demand control event—
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perhaps triggered by a price signal or reliability alert—Inergy’s orchestration engine quickly determines which 
homes can respond without compromising occupant comfort. The engine sends targeted commands to the in‐
home controllers, which then execute load adjustments in real time.

The cloud platform manages secure communications via industry‐standard protocols and ensures that all 
telemetry is encrypted at rest and in transit. Aggregated metrics, such as total megawatts curtailed or shifted, are 
displayed on a utility dashboard with up‐to‐the‐minute status updates. Meanwhile, the customer portal—
accessible on smartphones, tablets, and web—provides homeowners with a clear view of upcoming events, 
historical curtailment performance, and projected bill savings. If a homeowner wishes to opt out of a specific 
event, they can do so with a single tap, and the orchestration engine will compensate by drawing flexibility from 
another participant.

Beyond real‐time demand control, Inergy’s platform supports time‐of‐use rate management: the same in‐home 
controller can automatically shift EV charging to off‐peak hours when rates are lowest, or pre‐heat water heaters 
during midday solar surpluses to minimize nighttime draw. In this way, residential flexibility becomes a 
continuous, automated practice rather than an occasional event.

5. Case Studies  

5.1 A Sun Belt Utility Defers Infrastructure Upgrades  

One utility in the Sun Belt region faced repeated transformer overloads on a distribution feeder serving over 8,000 
homes. Replacing the 2 MW transformer and upgrading 15 circuits would have exceeded $2 million in capital 
costs. Rather than proceeding immediately with a build, the utility partnered with Inergy Systems to pilot a 
residential demand control program. Over a single summer season, Inergy installed its in‐home controllers—using 
a combination of stand‐alone devices and existing smart thermostats—on 3,500 volunteer homes.

During the peak three months (June through August), the utility called 18 demand control events, each lasting two 
hours during the critical 3 PM to 6 PM window. Each participating home reduced HVAC load by at least 1 kW, and 
many achieved up to 1.5 kW by also deferring pool pump and water heating cycles. Aggregated, this 3,500‐home 
cohort provided 4.7 MW of peak relief, reducing the worst daily peak by 22 percent. As a result, the utility deferred 
the transformer replacement by two years, saving more than $1.8 million in capital expenditures. Homeowners 
received bill credits averaging $125 on their seasonal invoices, reinforcing program retention rates over 90 
percent.

5.2 Community Solar Plus Demand Control in a Northeastern Grid  

In a Northeastern utility territory with high rooftop solar penetration but variable winter peaks, Inergy Systems 
collaborated on a combined Community Solar and Demand Control offering. Participating households subscribed 
to local solar arrays and, in exchange, agreed to allow Inergy’s controller to manage flexible loads. During midday, 
when local solar output exceeded local consumption, controllers automatically charged home batteries and pre‐
heated water heaters, soaking up excess generation. In the late afternoon, as solar faded, controllers deferred EV 
charging and raised thermostat setpoints in a seamless, automated fashion.
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This integrated approach enabled the utility to reduce midday curtailment of community solar—improving system 
economics for both the solar farms and subscribers—while also flattening early evening peaks by 18 percent. 
Subscribers enjoyed lower monthly bills: a combination of discounted community solar rates and demand control 
incentives yielded total savings averaging $240 per year. The program attracted significant media attention, as it 
showcased a replicable model for combining two key demand‐side solutions—community solar and automated 
demand control—within a single customer offering.

6. Technical and Operational Considerations  
Deploying residential demand control at scale requires careful planning around communications, data 
management, and customer engagement.

First, utilities must decide whether to leverage existing smart thermostats or deploy stand‐alone controllers. In 
many territories, a significant percentage of homes already use devices from major thermostat vendors. 
Integrating those thermostats with a third‐party orchestration platform can reduce equipment and installation 
costs. However, not all thermostat models support bi‐directional control or the fine‐grained communication 
protocols needed for sub‐five‐minute response. In those cases, Inergy’s stand‐alone controllers—equipped with 
cellular or mesh RF connectivity—ensure uniform performance across the fleet.

Data management is another critical element. With thousands of homes sending one‐minute consumption data 
for multiple circuits, the data volume can quickly climb into the billions of records per year. Inergy’s cloud 
architecture uses a time‐series database optimized for high‐throughput ingestion and parallelized analytics. 
Machine learning models disaggregate whole‐home load into end‐use categories—HVAC, water heater, EV 
charger, and pool pump—by analyzing unique power signatures. Without accurate disaggregation, utilities cannot 
distinguish between the impact of an AC cycling event versus an EV charging session. Inergy’s models are 
continuously refined through ground‐truth submetering in pilot homes and by incorporating metadata such as 
equipment age, SEER rating for HVAC, and typical occupant schedules.

Communication latency and reliability are especially important when participating in ancillary service markets. For 
frequency regulation, response times often need to be sub‐30 seconds. Inergy’s controllers support secure MQTT 
communications, enabling near‐real‐time dispatch instructions. In non‐regulated peak‐shaving contexts, utilities 
may allow up to 5–10 minutes of latency, in which case standard OpenADR 2.0 signals over AMI backhaul are 
sufficient. Regardless of the channel, Inergy’s platform continuously monitors device acknowledgments and 
execution success, rolling up performance metrics to the utility dashboard and sending aggregated data back to 
the ISO or RTO for settlement.

From an operational perspective, baseline estimation remains a top challenge. Inergy employs a hybrid modeling 
approach that combines each home’s historical usage pattern with weather variables (temperature, solar 
irradiance, humidity) to predict what consumption would have been without any demand control event. By 
comparing that baseline with the actual usage during the event, the platform calculates validated curtailment. 
Continuous algorithm retraining—incorporating new data when a homeowner replaces their HVAC unit or 
upgrades insulation—maintains baseline accuracy over time. Without rigorous baseline modeling, both utilities 
and customers risk undercrediting or overcrediting, which erodes trust and can jeopardize long‐term program 
viability.

af://n41
af://n48


7. Regulatory, Policy, and Consumer Engagement Strategies  
Even the best technology cannot succeed without supportive policy frameworks and effective consumer 
communication. On the policy side, regulators must align incentives so that utilities are rewarded for 
achievements in peak load reduction rather than increased sales volumes. In many jurisdictions, decoupling 
mechanisms have begun to remove the penalty utilities once paid for reducing consumption. Performance‐based 
ratemaking further encourages the pursuit of demand control as a cost‐effective alternative to supply‐side 
infrastructure.

Measurement and verification (M&V) protocols are equally essential. By adhering to frameworks such as 
California’s Resource Adequacy M&V Handbook or PJM’s DR participation guidelines, utilities and aggregators 
ensure that reported curtailments meet ISO/RTO standards. Inergy’s platform automates much of this compliance 
reporting, generating event summaries, baseline comparisons, and timestamped device‐level confirmations. 
Third‐party auditors can easily retrieve the necessary data to confirm program performance, reducing 
administrative overhead.

On the consumer side, transparent communication is paramount. When Inergy’s customer portal shows a home 
exactly when and how much load was curtailed, coupled with the associated dollar savings, households feel 
invested in the process. Monthly statements highlight cumulative bill impacts, translating complex data into 
simple narratives (“You helped shave 1.3 kW this month, saving $18”). Inergy’s engagement team works with 
utilities to send pre‐event notifications—via text, email, or in‐app messages—so that occupants know an 
upcoming event is scheduled but also trust they can override commands if needed. By framing demand control 
not as a sacrifice but as an opportunity to save money and support a cleaner grid, Inergy fosters long‐term 
participation rates above 85 percent.

8. Challenges and Mitigation  
Residential demand control is not without its hurdles. One significant barrier lies in the fragmentation of home 
automation ecosystems. While some households have the latest smart home devices, many lack any intelligent 
load management equipment. Utilities embarking on a demand control program must weigh the cost of 
subsidizing device installations against the anticipated value of peak‐shaving benefits. Inergy addresses this by 
offering flexible deployment options: where feasible, the platform integrates with existing thermostats; when 
needed, Inergy’s stand‐alone controllers provide a turnkey solution that requires minimal homeowner technical 
skills.

Another challenge involves equitable access. Low‐income and multifamily housing units often lack smart devices 
or individual circuit access. To avoid leaving these communities behind—or, worse, having them subsidize grid 
upgrades without sharing in benefits—utilities and Inergy can partner with state agencies or nonprofitfunded 
weatherization programs. By bundling demand control device installations with energy‐efficiency retrofits 
(insulation, LED lighting), these initiatives ensure that all customers, regardless of income, receive the tools and 
education needed to participate.

Baseline inaccuracy and customer churn also pose threats. In some areas, homes exhibit erratic load profiles—
caused by shift workers, seasonal occupancy changes, or kidney dialysis equipment running on unpredictable 
schedules. To maintain trust, Inergy continuously improves its baseline algorithms by incorporating occupancy 
sensors, short‐term weather forecasts, and any metadata the homeowner is willing to share (e.g., typical vacation 
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weeks). When a home fails to meet its expected baseline during an event—say, because the family left on vacation
—Inergy’s system flags that data point for manual review prior to settlement. By proactively identifying and 
explaining anomalies, Inergy prevents disputes that could otherwise undermine program credibility.

Finally, regulatory uncertainties—such as changing TOU rate designs or evolving ISO participation rules—can 
disrupt program economics. Inergy’s policy team works with utilities and regulators to create multi‐year plans that 
hedge against midstream tariff changes. By modeling multiple scenarios—flat rates shifting to TOU, TOU 
converting to dynamic pricing, or wholesale market rule adjustments—Inergy helps clients understand the long‐
term implications of each path and develop adaptive program designs accordingly.

9. Recommendations for Stakeholders  
For Utilities and Aggregators:
 Begin with small, focused pilots in neighborhoods where smart thermostat penetration is already high. Use these 
pilots to refine baseline estimation models, test communications protocols, and gather customer feedback. Once 
proven, scale up by leveraging Inergy’s flexible controller options—pairing existing thermostats wherever possible 
and deploying stand‐alone devices in homes without smart equipment. Ensure that program incentives reflect not 
only capacity deferral value but also ancillary service revenues that aggregated residential loads can capture.

For Device Manufacturers:
 Adopt open standards such as OpenADR 2.0 and IEEE 2030.5 (SEP 2.0) to guarantee interoperability with third‐
party aggregation platforms like Inergy’s. Provide firmware updates that support rapid response to dispatch 
signals—ideally within 30 seconds—to enable participation in frequency regulation and other ancillary markets. 
Provide accessible APIs so that data from your devices—consumption, setpoint changes, equipment faults—can 
feed into utility and aggregator dashboards in real time.

For Policymakers and Regulators:
 Encourage revenue decoupling and performance‐based ratemaking to remove utility disincentives for demand 
reduction. Lower minimum bid‐size requirements in capacity and ancillary markets so that smaller aggregations of 
residential flexibility can participate. Provide grants or low‐interest loans to subsidize device installations—
especially in low‐income or multifamily housing—so that no community is left behind. Mandate transparent, 
customer‐friendly opt‐in and opt‐out processes to foster trust.

For Homeowners and Community Organizations:
 Stay informed about local demand control programs and evaluate the financial benefits in your own bills. If you 
already have a compatible smart thermostat, explore how participating in a demand control initiative can 
translate into monthly savings while supporting cleaner grid operations. For community organizers and local 
nonprofits, partner with utilities or organizations like Inergy to host workshops, share success stories, and help 
neighbors enroll in programs that benefit everyone.
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10. Conclusion  
The electric grid is at a pivotal moment: growing electrification of transportation and heating, combined with 
distributed generation, challenges the traditional one‐way power flow. Yet, within those very homes that once 
were passive consumers lies an untapped reservoir of flexibility—flexibility that can smooth the steep peaks 
caused by air conditioning and EV charging, absorb midday solar surpluses, and provide rapid responses to 
frequency excursions. Residential demand control transforms homes into dynamic grid assets, and Inergy 
Systems’ Smart Energy Management System offers the technology, analytics, and customer engagement tools 
needed to make that transformation real.

By recognizing that “empowering consumers” and “empowering the grid” are two sides of the same coin, utilities, 
regulators, and device manufacturers can collaborate to build programs that deliver financial rewards, 
environmental benefits, and enhanced system reliability. The road ahead invites innovative pricing structures, 
robust communications, and transparent customer experiences. When done right, residential demand control will 
not only defer distribution upgrades and reduce emissions, but also give every homeowner the knowledge that 
their one‐degree thermostat adjustment or delayed EV charging session contributes to a more resilient, cleaner 
future. Through Inergy Systems’ solutions, the promise of distributed, consumer‐driven grid flexibility can become 
a reality today—powering an electricity system that is smarter, greener, and more equitable for all.
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