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Vendor and Product Reality

Enphase Energy ships per-module power electronics rather than string inverters,
and that single architectural choice has compounded into the largest installed
base of grid-interactive distributed inverters in the world. The IQ8 series,
including the IQ8M, IQ8H, and IQ8P-3P commercial unit, supports Sunlight
Backup and the company's grid-forming capability under IEEE 1547-2018 and
California Rule 21. The IQ Battery 5P and IQ Battery 10C add lithium iron
phosphate storage with 15-year warranties and integrated grid services. The IQ
System Controller and IQ Combiner sit between the array and the service panel

as the local coordination point.

Above that hardware, the Enlighten platform aggregates production,
consumption, battery state of charge, and grid-services telemetry for both
homeowners and the utility-facing Enphase Grid Services product. Solar-Grid
Services has been contracted with utilities including PG&E, ConEd, and Hawaiian
Electric, and Enphase participates in virtual power plant programs through
partners such as Sunrun and Swell. The vendor footprint therefore spans device,
gateway, cloud, and utility-program contract simultaneously, which is unusual
among DER vendors and which makes the cascade-propagation gap especially

consequential.
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Architectural Gap

IEEE 1547-2018 and the underlying interconnection rules treat each
microinverter as an autonomous grid-following or grid-forming device that
responds locally to voltage and frequency. When an upstream event happens — a
feeder reconfiguration, a transformer fault, a utility-issued curtailment, a cyber
event flagged by a NERC CIP control — the microinverter learns about it through
electrical conditions, not through a typed observation that explains why those
conditions exist. Enlighten can observe the aftermath; it cannot carry the

upstream cause forward as evidence.

The result is that refusals and partial responses across the fleet are invisible to
the operator who needs them most. When a virtual power plant dispatch is
curtailed by a downstream transformer thermal limit, the Enphase Grid Services
dispatch engine sees only "delivered MW lower than requested." It does not see
the structured refusal at the affected feeder, the cross-domain dependency on the
utility SCADA event that caused it, or the propagation chain that explains why a
second neighborhood will refuse the next dispatch as well. Each refusal is a

private exception rather than a shared observation.

What Cascade Propagation Provides

Cascade propagation as an Adaptive Query primitive treats refusal as a first-class
observation that travels with the same provenance and audit posture as a
successful action. When an IQ8 microinverter refuses or partially executes a
frequency-watt command, the refusal is emitted as a typed event with its cause,
scope, expected duration, and the upstream coordination identifier that links it to
the originating dispatch. Downstream consumers — a neighbor IQ Battery, the
Enphase Grid Services aggregator, the utility distribution management system —

receive the refusal as evidence rather than as missing telemetry.



Upstream coordination is the second mechanic. The primitive carries an explicit
chain identifying the dispatch authority, the curtailment signal, and the
intermediate aggregators, so a refusal at the edge can be replayed against the
originating policy. Cross-domain cascade is the third: a thermal-limit refusal in
the distribution network propagates into the load-flexibility domain and into the
wholesale market dispatch domain through the same observation type, rather
than through three bespoke integrations. The fleet stops looking like a million
independent devices and starts looking like a single coordinated cascade with

declared admissibility at each tier.

Composition Pathway

The integration surface is the IQ Gateway and the Enlighten cloud, not the
microinverter firmware. Each IQ Gateway already aggregates per-device
telemetry; cascade propagation adds a typed refusal channel alongside the
existing production and consumption channels. Enlighten then republishes those
refusals into the Enphase Grid Services API, which utilities and aggregators
already consume, so the cascade primitive surfaces at exactly the boundary where

curtailment signals enter the system.

On the upstream side, OpenADR 3.0, IEEE 2030.5, and CSIP-AUS dispatch
messages are wrapped with the same chain identifiers, so any utility already
speaking those protocols receives cascade-aware refusals without touching its
DERMS. The composition pathway is incremental: a single feeder pilot can
demonstrate end-to-end provenance from a NERC CIP cyber event through a
utility SCADA reconfiguration into an I1Q8 refusal and back into the wholesale-

market settlement stream, using the existing contracted interfaces.

Commercial



Enphase's growth thesis has shifted from solar attach to grid services revenue
and storage, and both of those depend on the operator trusting that a dispatch
will land or fail loudly. Today the operator hedges that uncertainty by under-
bidding the fleet's capacity into capacity markets and demand-response
programs, because every silent partial refusal becomes a clawback or a non-
performance penalty. Cascade propagation directly improves the bid-ask spread
between contracted capacity and delivered capacity, which is the metric that

drives Grid Services gross margin.

It also unlocks the next regulatory tier. FERC Order 2222, the European Network
Code on Demand Response, and California's Distributed Energy Resources
Action Plan all require that aggregated DER respond with auditable performance,
including auditable non-performance. A vendor whose fleet emits refusals as
structured observations meets that bar with one architectural property; a vendor
whose fleet emits silent missing telemetry meets it only through expensive after-

the-fact attestation.

Licensing Implication

The Adaptive Query primitive is licensable at the gateway and cloud tier, which
keeps it outside the UL 1741 SB and IEEE 1547 conformance scope that Enphase
has invested in for the IQ8 hardware. Licensing can be structured per gateway,
per managed megawatt, or per grid-services contract, so the economic incentive
scales with the same metric that drives Enphase's published Grid Services
revenue line. For Enphase, the licensing implication is that the architectural gap
between a fleet of devices and a coordinated cascade closes through a license
rather than through a firmware redesign, and the resulting evidence chain is one
a utility, a regulator, and a wholesale market operator can all verify against the

same observation type.






