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SPAN Smart Panels and Residential PV Integration: A New York State Perspective

This research was prepared by Madina Tulegenova (M.S. in Business Analytics) and
examines a critical but underexplored dimension of New York's residential solar expansion:
the role of intelligent electrical infrastructure in unlocking the full economic and operational
value of photovoltaic systems. As the State accelerates toward its 10-gigawatt distributed
solar target and one million electrified homes, the limiting factor is no longer panel
installation, it is the capacity of residential electrical systems to manage what those panels

produce.

This study investigates SPAN smart panels as a demand-side energy management platform
integrated with residential PV systems across New York State. By analyzing solar
self-consumption optimization, time-of-use economic alignment under the VDER Value
Stack, electrification load coordination, and grid-interactive resilience, the research reframes
the electrical panel long treated as a passive commodity as the central intelligence layer of the

modern solar-equipped home.

For NYSEIA, this topic is strategically significant. New York's policy architecture, the
CLCPA, NY-Sun incentives, and VDER compensation has created the most sophisticated
distributed solar market in the nation. Yet without intelligent load management at the home
level, the economic and environmental returns of that architecture are systematically
underrealized. SPAN panels represent the missing infrastructure link between installation and
optimization, and this research makes the case for treating them as a standard component of

every residential PV deployment in New York State.
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Abstract

Residential solar photovoltaic (PV) adoption in New York State has
accelerated under the Climate Leadership and Community Protection Act
(CLCPA), the NY-Sun program, and the Value of Distributed Energy Resources
(VDER) compensation framework. Concurrently, the electrification of space
heating, water heating, and transportation is imposing new peak load demands on
residential electrical infrastructure designed for passive, unidirectional power
distribution. SPAN  smart panels, integrating circuit-level sensing,
software-controlled breaker technology, and cloud connectivity into a
code-compliant load center replacement offer a technically mature solution to this
challenge. This paper analyzes SPAN panel integration with residential PV
systems in New York, examining solar self-consumption optimization,
time-of-use (TOU) economic alignment, electrification load management, and
grid-interactive resilience. Drawing on peer-reviewed literature and New
York-specific policy frameworks, the analysis demonstrates that SPAN panels
provide a compelling, policy-aligned pathway to grid-interactive homes, with
constraints including retrofit complexity, interoperability limits, and upfront cost

that are manageable with appropriate planning and incentive design.

Keywords: SPAN smart panel; residential photovoltaic systems; distributed
energy resources; circuit-level monitoring; demand-side management; solar
self-consumption; time-of-use optimization; electrification; grid-interactive

buildings; New York State; VDER; CLCPA.
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1. INTRODUCTION

New York State has emerged as a national leader in distributed solar deployment. As of
October 2024, the State surpassed 6 gigawatts (GW) of distributed solar capacity reaching its
statutory Climate Leadership and Community Protection Act (CLCPA) milestone one year ahead
of schedule, and expanded its target to 10 GW by 2030 [26]. The CLCPA mandates 70%
renewable electricity by 2030, 100% zero-emission electricity by 2040, and economy-wide
net-zero emissions by 2050 [21]. Against this backdrop, the residential sector faces a structural
tension: homes are simultaneously adding PV generation, adopting electrification technologies,
heat pumps, heat pump water heaters, electric vehicles, and operating under time-varying utility
rate structures that reward temporal load alignment. Traditional electrical panels, engineered for

passive unidirectional power distribution, cannot accommodate this complexity.

SPAN smart panels address this gap by embedding continuous circuit-level metering,
software-defined breaker control, and cloud connectivity into a device that replaces the standard
residential load center [30]. Unlike whole-home energy monitors or accessory smart breaker
systems, SPAN provides native, code-compliant intelligence within the panel itself. The result is
a demand-side management platform capable of scheduling loads to solar production windows,
responding to time-of-use price signals, coordinating high-demand electrification appliances, and

prioritizing critical circuits during outages, all functions that conventional panels cannot perform.

This paper presents a rigorous analysis of SPAN panel integration with residential PV
systems in New York State. Section 2 reviews New York's solar and energy policy environment.
Section 3 describes the SPAN panel's technical architecture. Sections 4 through 7 analyze solar
self-consumption, TOU and VDER economic alignment, electrification load management, and

grid-interactive resilience, respectively. Section 8 examines constraints and practical
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considerations. Section 9 addresses Al-augmented load management as an emerging frontier.

Section 10 concludes with policy recommendations.

2. NEW YORK STATE POLICY AND UTILITY CONTEXT

2.1 CLCPA and NY-Sun

The CLCPA, enacted in 2019, established the most comprehensive statutory climate
framework of any U.S. state, requiring a 40% reduction in greenhouse gas (GHG) emissions
below 1990 levels by 2030 and 85% by 2050 [21]. NY-Sun, NYSERDA's $3.3 billion solar
incentive program, has catalyzed more than 14,000 solar industry jobs and made New York the
national leader in community solar, with more than 2 GW of community solar installed and
approximately 393,000 homes served [23]. The 10-GW distributed solar target through 2030
places residential rooftop PV at the center of near-term decarbonization strategy, and the State's
commitment to electrifying one million homes with heat pumps by 2030 creates the demand-side

complexity that intelligent panel solutions are designed to resolve [27].

2.2 The VDER Value Stack

Established by the New York State Public Service Commission (PSC) in 2017 as part of
Reforming the Energy Vision (REV), the Value of Distributed Energy Resources (VDER)
mechanism replaced traditional net metering with a multi-component compensation structure
[24]. The Value Stack compensates distributed generation based on five components: Energy
Value (hourly NYISO day-ahead locational-based marginal price), Capacity Value (ICAP, tied to
wholesale capacity markets), Demand Reduction Value (DRYV, reflecting avoided distribution

upgrade costs), Locational System Relief Value (LSRYV, applicable in grid-constrained areas), and
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Environmental Value [3]. Because the Energy Value component varies by dispatch hour, VDER
creates a direct economic incentive for temporal load alignment: every kilowatt-hour consumed
directly from PV rather than exported to the grid avoids a wholesale-rate-tied export credit and

instead offsets a higher retail-rate grid import.

2.3 Time-of-Use Rate Structures

Consolidated Edison (ConEdison) and National Grid have deployed residential TOU rate
options that price peak-period electricity (typically 8 a.m.—10 p.m. weekdays) substantially
above off-peak rates [6]. The broader literature confirms that TOU enrollment without automated
load control reduces household electricity costs by approximately 14%; participation in
automated demand response programs achieves reductions of up to 35% [11]. For homes with
PV systems, the convergence of VDER temporal compensation and TOU pricing makes
automated circuit-level load control an economically significant capability, one that traditional

panels cannot provide.

3. SPAN SMART PANEL: TECHNICAL ARCHITECTURE

3.1 Hardware Design and Certification

SPAN smart panels are UL-listed load centers rated for 200-amp residential service,
designed for both new construction and retrofit installation [30]. The Gen 2 panel supports up to
32 fully controllable circuits. Embedded current transformers on each circuit bus bar sample
current and voltage at high temporal resolution, producing near-real-time -circuit-level
consumption data. An onboard controller transmits these readings via Wi-Fi to SPAN's cloud

infrastructure, accessible through the SPAN Home application. SPAN became the first residential
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panel to receive UL 3141 Power Control System (PCS) certification, a standard relevant to

grid-interactive distributed energy resource (DER) deployments [31].

3.2 Circuit Control and Load Management Logic

Each controllable circuit can be placed in one of three states: Always On, Always Off, or
Managed. Managed circuits are subject to the panel's energy management logic, enabling
scheduled operation, real-time load shedding when aggregate demand approaches service
capacity, and integration with external signals such as TOU pricing schedules. The PowerUp
feature, released in Q4 2023, continuously monitors total household demand and preemptively
curtails lower-priority loads when consumption approaches the rated service amperage, enabling
homes to add EV chargers, heat pumps, and other high-demand appliances without triggering
costly electrical service upgrades [31]. Lawrence Berkeley National Laboratory (LBNL) has
identified the cost and delay of service upgrades as a primary barrier to equitable residential
electrification [12], making this capability particularly consequential in New York's older

housing stock.

3.3 PV System Integration

In grid-tied PV installations, SPAN interfaces at the main panel level, downstream of the
utility meter and the PV inverter's interconnection point. The panel monitors net energy flow at
the service entrance, enabling its management logic to calculate the real-time balance between
solar generation and household consumption, the foundational measurement for
demand-following self-consumption strategies [30]. The panel does not directly control the PV
inverter but governs all controllable downstream loads. When paired with battery storage, SPAN

can arbitrate between solar charging, battery charging, and direct load service. Integration with
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major inverter and storage platforms such as Tesla, Enphase, SolarEdge, is supported through
API connectivity, though comprehensive interoperability across all market platforms remains an

active area of product development.

4. SOLAR SELF-CONSUMPTION OPTIMIZATION

Residential PV output in New York peaks between approximately 10 a.m. and 2 p.m. on
clear days, while household electricity demand typically peaks in the morning (6-9 a.m.) and
evening (5-9 p.m.), driven by space conditioning, water heating, and occupancy patterns. Under
the VDER framework, excess generation exported to the grid receives compensation at
wholesale-tied rates, which are consistently lower than the retail rate avoided when PV
generation directly offsets household consumption. Improving self-consumption, the fraction of
PV output consumed directly within the home, therefore yields superior economics without

requiring battery storage investment.

Wang et al. [34] demonstrated through simulation that active demand-side strategies,
including heat pump water heater scheduling and thermal mass pre-conditioning during PV
production windows, substantially improve self-consumption rates in residences without storage.
Tostado-Véliz et al. [33] similarly found that systematic load scheduling aligned with PV output
improved both self-consumption and self-sufficiency across residential case studies. These
findings are directly applicable to New York's electrifying housing stock, where heat pump
systems and heat pump water heaters constitute large, schedulable loads amenable to solar

production alignment.

SPAN's circuit-level monitoring resolves a fundamental limitation of whole-home energy

monitors: the inability to identify which loads are consuming power and therefore which can
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most effectively be shifted to solar production hours. By attributing consumption to individual
circuits, SPAN enables targeted scheduling of high-power deferrable loads of EV chargers
(3.8-11.5 kW at Level 2), heat pump water heaters (0.5-5 kW), and HVAC systems, to midday
solar windows. This operationalizes the grid-interactive efficient building (GEB) concept
developed by the National Renewable Energy Laboratory (NREL), which defines GEBs as
buildings that "actively manage load or distributed energy resources... to optimize energy use in a

continuous and integrated way" [16].

Al Muala et al. [2] demonstrated that home energy management systems (HEMS)
incorporating real-time appliance scheduling based on PV production forecasting achieved
materially superior self-consumption rates compared to unmanaged baseline configurations, with
optimal scheduling of deferrable loads contributing the largest incremental improvements. For
New York homeowners under VDER, every additional kWh consumed directly from PV rather
than exported yields the full retail-rate offset rather than the lower wholesale-rate export credit, a
compounding economic benefit that strengthens the investment case for smart panel integration

in every grid-connected PV installation.

5. TIME-OF-USE AND VDER ECONOMIC ALIGNMENT

Time-of-use pricing presents a compelling case for automated load control. Faruqui and
Tang [8] documented the national shift of residential TOU pricing from a niche offering to a
mainstream rate design, noting that the combination of mandatory default TOU enrollment and
automated load control technologies is beginning to generate substantial load-shifting responses.
For New York homeowners with SPAN panels, this convergence is directly actionable: the

panel's scheduling system can be configured to respond automatically to TOU price structures by
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shifting deferrable loads to off-peak windows or, in solar-equipped homes, aligning

high-consumption circuits with midday PV production hours when grid imports are eliminated.

The VDER Demand Reduction Value (DRV) component, which compensates projects
based on their ability to reduce utility distribution-level peak demand, creates an additional
incentive for smart-panel-managed homes. By programmatically reducing coincident peak load
during utility-designated demand periods, SPAN-equipped homes with PV systems may enhance
their DRV compensation over time [24]. This represents a case where circuit-level demand
management at the individual home level aggregates to create distribution-level capacity
value—consistent with LBNL's assessment of price-based demand response as an emerging grid
planning resource [4]. NREL analysis has found that residential demand response can provide
grid flexibility comparable in overall impact to 1 GW of 6-hour battery energy storage [19]. For
New York, which has committed to deploying 3,000 MW of energy storage by 2030 under the
CLCPA [21], smart-panel-enabled residential demand response represents a demand-side
complement to supply-side storage—potentially deferring costly infrastructure investment while
delivering measurable grid service value. Cappers et al. [4] found that households with
schedulable high-demand loads such as HVAC, water heaters, and EVs achieve TOU load
reductions of 1%—6% without automation and up to 20% under critical peak pricing when
automated controls are available. SPAN panels provide precisely this automation layer,
converting structural flexibility into realized demand response without requiring behavioral

change from homeowners.

6. ELECTRIFICATION LOAD MANAGEMENT AND SERVICE-UPGRADE

AVOIDANCE
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Residential electrification substantially increases peak electrical load. A heat pump space
heating system typically draws 3—12 kW; a heat pump water heater draws 0.5-5 kW; a Level 2
EV charger draws 3.8—-11.5 kW. Simultaneous operation of these loads in a home served by a
100-amp panel can exceed capacity under conventional National Electrical Code load calculation
methods [15]. LBNL research commissioned by the DOE Buildings Technology Office identifies
low-capacity panels in vintage homes as a critical barrier to equitable electrification, with service
upgrades costing $3,000—$15,000 or more and long utility interconnection queues adding months

of delay [12].

SPAN's PowerUp feature addresses this challenge through dynamic load management
that continuously monitors aggregate household demand and proactively curtails lower-priority
circuits when total consumption approaches the service rating [31]. SPUR's 2024 policy brief,
"Solving the Panel Puzzle," found that smart load management, including smart panels, can
enable full home electrification within existing 100-amp service ratings for a significant fraction
of housing stock, avoiding costly service upgrades [32]. In New York, where a substantial
proportion of older homes in New York City, the Hudson Valley, and Long Island are served by
100-amp panels, this capability has acute practical significance under the CLCPA electrification
mandate. For homes combining rooftop PV with multiple electrification loads, SPAN enables a
coordinated optimization strategy. The panel schedules EV charging to commence when solar
generation exceeds baseline household load, defers water heater operation to production
windows, and modulates HVAC duty cycles to pre-condition thermal mass during
high-generation periods—all while maintaining aggregate load below the service rating. NREL's
community-scale modeling research found that combined deployment of home energy

management systems with PV assets reduces energy costs while increasing demand flexibility,
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with EV charging coordination contributing the most significant incremental improvement when

managed against solar generation and storage [18].

7. GRID-INTERACTIVE OPERATION AND RESILIENCE

New York's residential PV interconnection requirements, administered under the PSC's
Standardized Interconnection Requirements (SIR), mandate anti-islanding protection for all
grid-tied inverters [22]. SPAN panels support the safe implementation of battery-backed islanded
operation through selective load shedding that reduces household load to levels compatible with
available backup capacity during a grid transition event. The panel's UL 3141 PCS certification
provides the regulatory foundation for certified integration with compliant battery storage

platforms in configurations that meet PSC interconnection requirements [31].

A distinctive aspect of SPAN's value proposition is that meaningful resilience benefits are
available even in homes without battery storage. Traditional panels provide no mechanism for
load prioritization: when utility power is unavailable or constrained, all circuits are affected
equally. SPAN's circuit prioritization logic enables a form of demand-side resilience independent
of storage: by defining circuits as critical, important, or non-essential, homeowners ensure that
refrigerators, medical equipment, lighting, and communication devices are protected while EV
chargers, pools, and secondary HVAC zones are shed, consistent with the GEB framework's
concept of buildings that can "shed, shift, and modulate" demand in response to grid conditions

[16].

In SPAN-equipped homes with battery storage, the panel's circuit-level control enables
selective load backup, extending backup duration by directing stored energy exclusively to

critical circuits. Research on integrated PV, storage, and flexible building systems confirms that
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coordinated optimization of these components significantly improves both economic and
resilience outcomes compared to systems managed independently [13]. As New York's
frequency of extreme weather events and associated grid outages increases under documented
climate trends, a risk addressed in the CLCPA Climate Action Council Scoping Plan [5] this

capability becomes a meaningful differentiator for residential solar + storage proposals.

8. CONSTRAINTS AND PRACTICAL CONSIDERATIONS

8.1 Retrofit Complexity and Permitting

SPAN panel installation requires a licensed electrician, an authority having jurisdiction
(AHJ) permit, and utility inspection, the same process required for any panel replacement. In
New York City and Long Island, permitting timelines can extend several weeks and add
significant cost to project budgets. Older homes may also require rewiring, grounding upgrades,
or arc fault circuit interrupter (AFCI) compliance work triggered by a full panel replacement
[15]. These barriers are inherent to any panel replacement and are not unique to SPAN, but they

must be reflected in project timelines and customer communications.

8.2 Interoperability and Cloud Dependency

Full SPAN functionality requires reliable cloud connectivity and compatibility with
connected inverter and storage platforms. While major platforms Tesla, Enphase, and SolarEdge
are supported, interoperability across the full diversity of products installed in New York
residences remains incomplete. The panel reverts to manual-only breaker operation during
extended internet outages, a constraint relevant to areas with unreliable broadband connectivity

in rural parts of New York State. Ahmad et al. [1] identified cloud dependency and data privacy
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as primary governance challenges for Al-enabled residential energy management systems, noting
the need for robust security and clear consumer data rights frameworks—areas the New York

PSC's REV proceedings are beginning to address.

8.3 Upfront Cost and Economic Returns

SPAN panels are priced at a premium relative to conventional load centers, with total
installed costs typically ranging from $3,500 to $6,500 depending on region, labor rates, and
panel condition. Economic returns depend on household consumption profiles, the extent of
TOU and self-consumption optimization deployed, and the magnitude of VDER compensation
for the associated PV system. For homes where PowerUp-enabled service-upgrade avoidance
displaces a utility service upgrade costing $5,000-$15,000, net project economics can be
substantially favorable. NREL's 2024 Annual Technology Baseline benchmarks residential PV
system costs at $2.68/W as of 2023, underscoring the importance of modeling panel and

service-upgrade costs explicitly within integrated project pro formas [20].

9. ARTIFICIAL INTELLIGENCE AND PREDICTIVE LOAD MANAGEMENT

Current SPAN panel management rule-based circuit scheduling and threshold-triggered
load shedding, represents a first-order implementation of demand-side intelligence. Artificial
intelligence (AI) and machine learning (ML) represent the natural evolutionary step, offering
predictive capabilities that can anticipate load and generation patterns rather than simply reacting
to them. Kim et al. [10] identified load forecasting, anomaly detection, and adaptive demand
response as the highest-impact application domains for Al in residential energy systems. NREL's
dataset on the grid service value of building flexibility, developed through hundreds of millions

of simulations, established that the gross value of building demand flexibility varies significantly
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by hour, season, and location, suggesting that static scheduling rules leave substantial potential

value unrealized compared to dynamic, forecast-driven approaches [17].

Moon et al. [14] demonstrated that ensemble learning methods incorporating explainable
artificial intelligence (XAI) frameworks achieve high-accuracy residential electricity demand
prediction, with temperature-humidity indices and time-of-week patterns emerging as dominant
predictors. Long short-term memory (LSTM) neural networks have demonstrated particular
aptitude for sequential energy time-series data, enabling models that capture both short-term load
fluctuations and longer-term seasonal patterns [9]. Integration of load and solar generation
forecasting models into smart panel control logic would enable a predictive scheduling
architecture substantially more effective than current rule-based approaches—particularly for

variable loads such as EV charging, which are difficult to schedule on fixed-time rules alone.

For New York homeowners under VDER, Al-driven optimization of circuit-level load
scheduling against hourly NYISO price signals could maximize compensation by ensuring that
PV generation is consumed or exported at the most favorable hours. Ahmad et al. [1] identified
dynamic economic dispatch and demand response optimization as the highest-impact Al
applications in residential energy systems, noting that data privacy, cybersecurity, and regulatory
compliance require parallel attention. Durrani et al. [7] confirmed in simulation that Al-driven
peak clipping, valley filling, and load shifting strategies significantly outperformed static TOU
schedules on cost minimization metrics across diverse residential demand scenarios. For
NYSEIA members, the near-term priority is ensuring that smart panel deployments are Al-ready:
cloud API connectivity, granular data retention, and third-party platform compatibility are

prerequisites for the next generation of optimization capabilities.
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10. COMPARATIVE ANALYSIS

Table 1 summarizes functional capabilities of traditional residential load centers compared to

SPAN smart panels across the key dimensions relevant to residential PV integration in New York

State.
Traditional Panel SPAN Smart Panel
Energy monitoring Whole-home aggregate Real-time circuit-level
granularity
Load control Manual breaker operation Software-controlled
programmable switching
PV optimization None; passive distribution Demand-side shaping aligned
only with solar output
TOU rate response User-driven behavioral change | Automated scheduling via
cloud connectivity
Electrification Risk of overload; service Dynamic load prioritization;
upgrade req. upgrade avoidance
Resilience All circuits de-energized in Selective load shedding
outage protects critical loads
Data analytics No native data interface Cloud dashboard; historical

usage analytics
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Traditional Panel SPAN Smart Panel

Al/Future readiness Not applicable API-accessible; predictive

control compatible

Table 1. Functional Comparison: Traditional vs. SPAN Smart Panel for Residential PV

Applications in New York State

Note. Compiled from SPAN [30, 31], NREL [16, 17], LBNL [12], NYSERDA [24], and

ConEdison [6].

11. DISCUSSION AND POLICY RECOMMENDATIONS

The analysis presented in this paper supports a clear conclusion: SPAN smart panels provide the
most capable currently available residential panel platform for integrating with PV systems in
New York State's distinctive policy and utility environment. The alignment between SPAN's
circuit-level demand management capabilities and the temporal structure of VDER
compensation, ConEdison and National Grid TOU rate designs, and the CLCPA electrification
mandate creates compounding value drivers that justify the panel's cost premium in a substantial
fraction of residential PV installations, particularly those in older housing stock where

service-upgrade avoidance is relevant.

For NYSEIA members and solar installers: Smart panel integration should be incorporated

into standard PV system proposals for homes with electrification plans or TOU rate structures.

For NYSERDA and NY-Sun administrators: Smart panel co-incentives, analogous to existing

storage incentives, should be evaluated under NY-Sun to accelerate adoption in low- and
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moderate-income (LMI) households where self-consumption optimization and service-upgrade

avoidance benefits are greatest.

For the Public Service Commission: Clear consumer data governance standards for smart panel
energy data should be developed within REV. Smart panels should be evaluated as an eligible
distributed demand response resource under future PSC demand flexibility proceedings,

consistent with their UL 3141 PCS certification.

For electric utilities: Smart-panel-enabled residential demand response should be incorporated
into distribution system planning models as a near-term flexible resource. Direct VDER hourly
price signal feeds compatible with smart panel API integration should be made available to

prosumer customers.

12. CONCLUSION

This paper has presented a comprehensive analysis of SPAN smart panel integration with
residential PV systems in New York State. From the technical architecture of circuit-level
sensing and software-controlled breaker operation to the economic alignment with VDER and
TOU pricing, from electrification load coordination to grid-interactive resilience, SPAN panels
offer a materially superior platform for demand-side energy management compared to traditional
load centers. New York's solar and electrification policy environment, characterized by NY-Sun
incentives, VDER's temporal value structure, the CLCPA's electrification mandate, and
expanding utility TOU rates, creates conditions in which circuit-level demand management
generates compounding economic and operational value that will only intensify as the State

advances toward its 10-GW solar and one-million-home electrification targets.

New York Solar Energy Industries Association (NYSEIA) | 18



SPAN Smart Panels and Residential PV Integration: A New York State Perspective

The limitations of smart panels retrofit complexity, interoperability constraints, cloud
dependency, and upfront cost are real but addressable through proper project planning, incentive
design, and evolving product development. The near-term emergence of Al-augmented
predictive load management offers a further horizon of value creation for which current SPAN
architecture is well-positioned. For NYSEIA members, the actionable priority is treating smart
panel integration as a standard component of residential PV and electrification project design,
recognizing that the panel, not the inverter, is becoming the intelligent energy management hub

of the solar-equipped, electrified New York home.
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