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1. Executive Summary  

1.1 Setting the Context for Grid Modernization in the District of 

Columbia 

The District of Columbia’s grid modernization effort can be structured as a mission-oriented 

framework supporting the District’s long-term clean energy objectives, including achieving 15% 

local solar generation by 2041. Within this framework, the 2041 target represents a measurable, 

time-bound mission-level outcome, while the DC Grid Modernization Plan provides the coordi-

nated technology, policy, regulatory, planning, and institutional pathways needed to enable its 

achievement. 

The framework aligns the mission with supporting technologies, products, services, policies, and 

institutional capabilities. Enabling technologies and infrastructure may include advanced invert-

ers, solar PV, energy storage, microgrids, communications and control platforms, and 

DERMS/ADMS capabilities. Supporting services and processes include interconnection, host-

ing-capacity analysis, demand response and other grid services, utility planning, tariff structures, 

and DER operational coordination. 

The DC Grid Modernization Plan therefore integrates both Technology and Policy and Regulato-

ry milestones. Key initiatives include interconnection reform, implementation and operationali-

zation of IEEE 1547-2018 and advanced inverter capabilities, microgrid pilots, DERMS/ADMS 

readiness, energy storage and demand-response integration, and standby service tariff considera-

tions, aligned with DOEE and DCPSC activities. 

1.1.1. Mission-Oriented Framework for DC Grid Modernization 

The plan also incorporates technical analyses, recommendations, strategic roadmaps, lessons 

learned, Clean Energy DC 2.0 strategies, industry best practices, and relevant national and inter-

national case studies. These elements inform decision-making but should not be characterized as 

technologies or implementation deliverables themselves. Rather, they provide the analytical and 

strategic foundation for local implementation, regulatory development, utility planning, infra-

structure investment, and operational decision-making. 

As DER penetration increases, the framework also considers emerging capabilities, including the 

potential role of grid-forming inverters, while distinguishing these longer-term technology path-

ways from initiatives already moving through implementation. In this way, the roadmap connects 

the District’s mission-level clean energy objectives with the technology, policy, regulatory, and 

institutional actions required to build a reliable, resilient, secure, affordable, and increasingly 

flexible electric grid. 
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Figure 1 Layered Architecture for Solar Deployment and Grid Modernization 

DOEE’s grid modernization approach is structured across multiple interconnected layers, trans-

lating the District’s long-term clean energy objectives into the system capabilities, enabling 

technologies, policy actions, and implementation milestones required to achieve them. 

1.1.2. Mission Layer 

Mission: Enable the District of Columbia to achieve 15% local solar generation by 2041 

through a modernized, flexible, reliable, resilient, secure, and affordable electric grid. 

Time Horizon: 2024-2041 

Key Drivers: 

Decarbonization, local solar deployment, energy equity and affordability, grid reliability and re-

silience, DER integration, and compliance with the District’s Renewable Portfolio Standard 

(RPS) requirements. 
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1.1.3. System Capabilities Layer 

The Mission Layer establishes what the District seeks to achieve. The System Capabilities Layer 

defines what the electric distribution system must be capable of doing to achieve that mission as 

DER penetration increases. 

These capabilities provide the functional bridge between the District’s clean energy, reliability, 

affordability, resilience, and grid modernization objectives and the systems, technologies, poli-

cies, and investments required to deliver them. 

• Integrate increasing levels of DERs, including distributed solar PV and energy storage, 

safely and efficiently.  

• Manage bidirectional power flows and increasing distribution-system operational com-

plexity.  

• Increase DER hosting capacity while improving the efficiency, transparency, and scala-

bility of interconnection processes.  

• Utilize advanced inverter capabilities consistent with IEEE 1547-2018 and applicable in-

terconnection requirements.  

• Enhance grid visibility, monitoring, forecasting, and operational control through ADMS, 

DERMS, advanced metering, sensing, and related systems.  

• Enable demand response, flexible loads, energy storage, and DER grid services to pro-

vide additional system flexibility.  

• Support microgrids, resilience hubs, and critical infrastructure during normal and emer-

gency operating conditions.  

• Maintain reliability, power quality, cybersecurity, interoperability, and system stability as 

DER penetration and grid complexity increase.  

• Establish the operational foundation for emerging capabilities, including the potential fu-

ture application of grid-forming inverter technologies under high-DER and high-IBR 

conditions.  
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Table 1 Key Capabilities for Advanced Distributed Energy Resource Integration 

Capability Description 

High-DER Hosting 

Capacity 

Ability to accommodate increasing levels of distributed solar, energy 

storage, and other DERs while maintaining voltage, thermal, 

protection, and power-quality requirements. 

Bidirectional Power 

Flow Management 

Ability to safely plan for, monitor, and manage reverse and 

bidirectional power flows resulting from exporting DERs. 

Advanced Grid 

Monitoring and 

Visibility 

Increased feeder- and substation-level observability of load, voltage, 

power flow, DER output, equipment conditions, and system 

constraints. 

Flexible and Scalable 

DER Interconnection 

Transparent, efficient, and technically rigorous interconnection 

processes that can scale with increasing DER volumes and emerging 

configurations, including storage and limited-export systems. 

DER Coordination 

and Control 

Ability to coordinate DER behavior and operating parameters using 

advanced inverters, DERMS/ADMS, communications, and 

appropriate control architectures. 

Resilience and 

Critical-Load Support 

Ability to use DERs, storage, microgrids, and other distributed 

resources to maintain or restore critical services during grid 

disruptions. 

DER Grid Services Ability for qualified DERs to provide services such as voltage 

support, reactive power, demand flexibility, frequency response, and 

other distribution or bulk-system services where technically and 

economically appropriate. 

Interoperability and 

Cybersecurity 

Ability to securely exchange information and control signals among 

DERs, utilities, aggregators, and grid-management platforms. 
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1.1.4. System and Product Layer 

This layer identifies the physical and digital systems that enable the required grid capabilities. 

Table 2 Key Systems and Products for Modern Grid and DER Management 

System / Product Primary Purpose 

Advanced Distribution 

Management System (ADMS) 

Integrates distribution-system monitoring, analysis, 

optimization, outage management, and operational control. 

Distributed Energy Resource 

Management System (DERMS) 

Provides visibility, coordination, forecasting, aggregation, 

and control of distributed energy resources. 

IEEE 1547-2018-Compliant 

Advanced Inverters 

Provide capabilities including voltage/reactive-power 

control, frequency response, ride-through, and 

interoperability functions. 

Battery Energy Storage Systems 

(BESS) 

Provide energy shifting, peak management, flexibility, 

resilience, and potentially grid-support services. 

Microgrid Control Systems Coordinate DERs, storage, loads, islanding, 

synchronization, and restoration within microgrids. 

Hosting Capacity Analysis Tools Assess the ability of distribution circuits to accommodate 

additional DERs and identify potential system constraints 

or upgrade needs. 

Advanced Metering 

Infrastructure (AMI) and Grid 

Sensors 

Improve system visibility, measurement, customer-level 

data availability, and distribution-system analytics. 

Communications and 

Interoperability Infrastructure 

Enable secure information exchange among DERs, utility 

operational platforms, and authorized third-party systems. 

 

1.1.5. Technology Layer 

The Technology Layer contains enabling and emerging technologies that enhance or extend the 

capabilities of the systems above. 

 

Table 3 Enabling and Emerging Technologies for Grid Modernization 

Technology Function / Potential Application 

Advanced Inverter Func-

tions 

Provide autonomous voltage/reactive-power control, frequency 

response, ride-through, export management, and other grid-

support capabilities consistent with IEEE 1547-2018 require-

ments. 
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Grid-Forming Inverter 

Technology 

Emerging capability that can establish or regulate voltage and 

frequency and potentially strengthen resilience, black-start capa-

bility, microgrid operation, and stability in high-IBR systems. 

AI/ML and Advanced Ana-

lytics 

Improve load and DER forecasting, anomaly detection, hosting-

capacity analysis, asset management, interconnection screening, 

and operational decision support. 

Advanced Power Electron-

ics 

Improve the efficiency, controllability, and flexibility of DERs, 

storage, EV charging, and other grid-edge resources. 

DER Communications and 

Interoperability Technolo-

gies 

Enable standardized information exchange and control among 

DERs and utility systems using applicable protocols and stand-

ards. 

Real-Time Simulation and 

Hardware-in-the-Loop 

(HIL) 

Support validation of inverter controls, protection interactions, 

DERMS functions, microgrids, and high-DER operating condi-

tions before field deployment. 

Advanced Distribution Sen-

sors and Edge Computing 

Improve local measurement, situational awareness, data pro-

cessing, and potentially faster decentralized control. 

 

1.1.6. Policy, Regulatory, and Market Layer 

This should be a full layer, not simply a crosscutting note, because several of the most consequential 

barriers to DER integration in DC are regulatory rather than technological. 

Key areas include interconnection reform; IEEE 1547-2018 implementation and operationalization; 

advanced-inverter requirements and settings governance; limited/non-export requirements; hosting-

capacity transparency; microgrid regulation and tariffs; standby service tariffs; DER compensation and 

grid-service mechanisms; utility distribution planning; and data/reporting requirements. 

1.2. Crosscutting Enablers 

These elements support every layer of the framework rather than representing individual technologies or 

products. 

Table 4 Crosscutting Enablers Supporting Grid Modernization Implementation 

Crosscutting Enabler Role 

Stakeholder 

Engagement 

Coordinate DOEE, DCPSC, Pepco, DER developers, communities, 

technology providers, researchers, and other stakeholders. 

Workforce 

Development 

Build technical capacity in DER integration, IEEE 1547, advanced inverters, 

DERMS/ADMS, storage, microgrids, cybersecurity, modeling, and emerging 

technologies. 

Cybersecurity and 

Interoperability 

Integrate cybersecurity and communications requirements across DER 

devices, communications infrastructure, utility OT systems, and grid-

management platforms. 

Equity and Evaluate distributional impacts, customer access, costs, benefits, and 
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Affordability opportunities for historically underserved communities. 

Data and Analytics Establish the data availability, quality, governance, and analytical capabilities 

required for planning, regulation, and operations. 

Standards and Best 

Practices 

Incorporate relevant IEEE, UL, NIST, industry, national laboratory, and utility 

practices as technologies and requirements evolve. 

 

1.3. Milestones and Timeline 

The 2024-2041 timeline cuts across the entire grid modernization framework. Rather than functioning as 

a separate layer, it illustrates how the District can progressively advance from planning and early 

implementation to more sophisticated grid capabilities as DER penetration increases. 

The framework follows a clear progression: 

Mission | System Capabilities | Systems & Products | Enabling and Emerging Technologies | Policy, 

Regulatory & Market Framework | Implementation Methodology Milestones 

Throughout this progression, Stakeholder Engagement, Workforce Development, Cybersecurity, Equity 

and Affordability, Data and Analytics, and Standards serve as crosscutting elements that support 

implementation across all layers. 

This structure connects the District’s long-term clean energy mission with the capabilities, technologies, 

systems, policies, and implementation actions needed over time, while allowing the roadmap to evolve as 

grid conditions, DER penetration, technologies, and regulatory priorities change. 

2. Grid Needs, Constraints, and Technology Decision Framework 

The preceding sections describe the mission, capabilities, systems, technologies, and policy 

mechanisms that make up this roadmap’s conceptual architecture. That architecture is necessary 

but not, by itself, sufficient: it does not establish why a given technology is needed at a given 

point in time, what distribution-system condition triggers the need, or what alternatives were 

considered. This section adds that missing layer by inserting Grid Needs and Constraints, and an 

explicit technology-selection framework, between the District’s mission and the roadmap’s 

implementation milestones, building on the technical methodology underlying this roadmap [26]. 

Expanded architecture: Mission → Grid Needs and Constraints → Required Capabilities → 

Systems and Products → Enabling Technologies → Policy and Regulatory Framework → 

Implementation Milestones. 

2.1 Grid Needs and Constraints 

Increasing DER penetration, including progress toward the District’s 15% local solar generation 

goal, does not by itself dictate which technologies must be deployed or when. It creates a set of 

engineering conditions on the distribution system that must be identified and evaluated feeder by 

feeder and substation by substation, including: 

• Thermal (conductor and equipment loading) constraints 
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• Steady-state and dynamic voltage constraints 

• Reverse power flow at substations and voltage regulation equipment 

• Protection coordination, including fault-current contribution from inverter-based 

resources 

• Hosting-capacity limits at the feeder and substation level [19], [20] 

• Load and DER forecast uncertainty 

• Distribution-system visibility and telemetry gaps 

• Communications and data-exchange requirements 

• Resilience and critical-load continuity requirements 

• Power quality (harmonics, flicker, voltage fluctuation) 

• Transmission-distribution coordination with PJM 

2.2 Technology Decision Framework 

For each identified grid need or constraint, the responsible entity (DOEE, DCPSC, or Pepco, as 

applicable) should document the required capability, the alternative solutions considered, the 

selected or preferred approach, the system condition that triggers investment, and the associated 

cost and benefit. No specific technology, including advanced inverters, DERMS, ADMS, or grid-

forming inverters, should be assumed as the default solution to a distribution-system need 

without this comparison. The table below illustrates the framework using a representative 

voltage-management case; it does not assert that this condition currently exists on any specific 

District feeder. 

 

Table 5 Grid Needs, Constraints, and Technology Decision Framework for DER Integration 

Grid Need Constrai

nt 

Require

d 

Capabili

ty 

Alternatives 

Considered 

Selected/Preferr

ed Approach 

Trigger Cost Benefit 

Accommoda

te additional 

PV on a 

constrained 

feeder 

Persistent 

overvolta

ge under 

minimum 

load / 

maximum 

PV output 

Voltage 

regulatio

n within 

ANSI 

C84.1 

limits 

across 

operating 

range 

(1) 

Conventional 

voltage 

regulation; (2) 

reconductorin

g; (3) 

transformer/L

TC changes; 

(4) Volt-VAR; 

(5) Volt-Watt; 

(6) storage; 

(7) export 

Determined 

case-by-case 

through 

engineering 

study and 

benefit-cost 

comparison of 

the alternatives 

listed; not 

assumed in 

advance 

Hosting-

capacity or 

interconnecti

on study 

identifies 

voltage 

violation 

To be 

quantifie

d per 

benefit-

cost 

framewo

rk 

To be 

quantifie

d per 

benefit-

cost 

framewo

rk 
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limitation; (8) 

DERMS 

coordination 

2.3 Milestone and Recommendation Categories 

To avoid presenting technical possibilities as committed outcomes, milestones and 

recommendations throughout this roadmap should be understood as falling into one of five 

categories, and revised editions of this roadmap should label them explicitly: 

• Required: Established by District law, DCPSC order, or adopted regulation. 

• Recommended: Supported by engineering analysis and considered appropriate for near-

term action, subject to the responsible entity’s decision. 

• Candidate: A credible option among several alternatives, not yet selected through a 

documented decision process. 

• Emerging: A developing technology or practice with potential future application, not yet 

validated for District conditions. 

• Conditional: Applicable only if a specific system need, trigger, or regulatory outcome 

(e.g., a PJM or FERC determination) materializes. 

3. Governance, Responsibility, and Authority 

Implementing this roadmap requires clarity not only about what should happen, but about who 

decides, who implements, who pays, who owns, who operates, who verifies, and who enforces. 

The table below identifies primary responsibility across major roadmap functions, consistent 

with the applicable DCPSC formal case proceedings [9]–[12]. It reflects each entity’s general 

role under existing statutory and regulatory authority and does not itself create new authority for 

any party. 

 

Table 6 Institutional Roles and Responsibilities for Grid Modernization and Advanced DER 

Integration 

Function DOEE DCPSC Pepco PJM DER Owner / 

Aggregator 

Policy 

development 

Lead / support Regulatory 

authority 

Input Regional 

interface, as 

applicable 

Input through 

stakeholder 

proceedings 

Interconnection 

rules and 

process 

Policy input Rules and 

oversight 

Implementation — Compliance with 

approved rules 

Inverter settings 

and IEEE 1547-

2018 

Technical input Governance and 

approval, as 

Operational 

implementation 

Interface for 

aggregated 

Compliance; 

commissioning 
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configuration applicable resources verification 

Hosting 

capacity 

analysis 

Policy input / 

technical 

review 

Oversight Owner and 

operator of 

underlying data 

and analysis 

— User of published 

information 

DERMS / 

ADMS 

deployment and 

operation 

— Cost and 

prudency 

oversight 

Owner and 

operator 

Interface, 

where 

applicable 

Communication 

and telemetry 

compliance 

Wholesale DER 

aggregation 

(FERC Order 

2222) 

— Retail-market 

coordination 

Distribution-level 

review 

Market 

authority 

Market participant 

Cybersecurity 

requirements 

Policy 

coordination 

Oversight of 

utility programs 

Distribution 

OT/IT security 

Bulk-system 

security 

requirements 

Device- and site-

level compliance 

Cost recovery 

and rate 

treatment 

— Rate authority Cost-recovery 

filings 

— N/A 

Performance 

measurement 

and reporting 

Aggregation 

and public 

reporting 

Compliance 

oversight 

Data provision — Data provision, as 

applicable 

3.1 Inverter Settings: Autonomous and Coordinated Functions 

IEEE 1547-2018 [1], [2] compliance should not be equated with active utility control of every 

inverter. This roadmap distinguishes autonomous local functions, which an inverter executes 

independently in response to local conditions, from coordinated or remotely commanded 

functions, which require a communications path and defined operational authority: 

3.1.1. Autonomous local functions 

• Volt-VAR 

• Volt-Watt 

• Frequency-Watt 

• Ride-through (voltage and frequency) 

3.1.2 Coordinated / remotely commanded functions 

• Active power curtailment 

• Export limits 

• Dispatch and setpoint changes 
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• Aggregation for market or grid-service participation 

• DERMS-issued commands 

For coordinated functions, this roadmap recommends that DOEE and DCPSC clarify, through 

applicable proceedings, which entity (Pepco, a qualified aggregator, the customer, or the inverter 

OEM) holds authority to change settings after commissioning, and what verification and audit 

trail is required when settings are changed. 

4. Benefit-Cost Evaluation Framework 

The abstract of this roadmap identifies affordability and value-based compensation as objectives. 

Realizing them requires a consistent framework for evaluating the cost and benefit of each major 

technology pathway before it is broadly deployed, rather than after. This roadmap recommends 

that DOEE and DCPSC apply a common evaluation structure, covering cost, benefit, avoided 

cost, customer impact, utility capital and operating expenditure, and equity impact, to major 

investment categories including DERMS, ADMS integration, telemetry and communications, 

dynamic hosting capacity, storage incentives, grid-forming inverter pilots, and legacy inverter 

retrofits. This roadmap does not itself quantify those costs and benefits; doing so is a near-term 

recommended action for DOEE, DCPSC, and Pepco, consistent with the PSC’s existing Benefit-

Cost Framework and Value of DER Study [23]. 

 

Table 7 Benefit-Cost and Equity Evaluation Framework for Grid Modernization Investments 

Evaluation Element Guiding Question Responsible Party 

Cost What are the capital and operating costs of 

the proposed investment? 

Pepco (cost data); DCPSC (review) 

Benefit What reliability, resilience, hosting-

capacity, or emissions benefit does the 

investment produce? 

DOEE / Pepco (technical basis); DCPSC 

(determination) 

Avoided cost What traditional infrastructure investment, 

if any, is deferred or avoided? 

Pepco; DCPSC 

Customer impact What is the effect on customer rates or 

bills? 

DCPSC; Office of the People’s Counsel 

Equity impact Do benefits and costs reach priority and 

historically underserved communities 

proportionately? 

DOEE; DCPSC 

4. Measurable Performance Indicators 

Quarterly and annual evaluation should move from binary yes/no questions toward measurable 

indicators, so that performance can be tracked over time and corrective action taken when a 

milestone is missed. The table below identifies representative indicators for major roadmap 
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domains; it is intended as a starting framework for DOEE and DCPSC to refine, not as a final or 

exhaustive list. 

Table 8 Key Performance Indicators for Grid Modernization and Advanced DER Integration 

Domain Representative Indicator 

Interconnection Median and 75th-percentile interconnection approval time, by queue tier 

Hosting capacity Additional DER capacity (MW) accommodated without traditional infrastructure 

upgrade 

Data quality Percentage of interconnection projects with complete required data fields 

IEEE 1547-2018 Percentage of new DER capacity certified and configured to applicable settings 

Grid visibility Percentage of interconnected DER capacity (MW) with utility-observable telemetry 

DERMS DER capacity (MW) that is controllable or dispatchable through DERMS 

Communications System availability, latency, and successful command-completion rate 

Reliability SAIDI/SAIFI contribution attributable to DER interconnection or grid-modernization 

investment, where measurable 

Resilience Critical-load hours supported by microgrids or resilience-designated resources 

Affordability Dollar-per-customer-year rate impact of grid-modernization investment 

Equity Percentage of program benefits and investment reaching priority and historically 

underserved communities 

Cybersecurity Percentage of in-scope DER and grid-edge assets meeting the applicable security 

baseline 

Corrective-action process: where a quarterly or annual indicator shows a milestone was not met, 

DOEE should document the likely cause, in coordination with Pepco and, where applicable, 

DCPSC, and identify whether the corrective action is a scope, schedule, resource, or regulatory 

adjustment before the following reporting period. 

5. Knowledge and Policy Layer / Research Layer 

 

Table 9 External Benchmarks, Research, and Stakeholder Inputs Informing the Grid 

Modernization Roadmap 

Examples 

• Lessons from the Iberian Peninsula Outage, Hawaii’s Rule 14H, California Rule 21, and 

Australia’s DER protocols 

• Local research initiatives (e.g., Electrify DC, PNNL hosting capacity studies) 

• RM40 Advanced Inverter Working Group contributions 
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• Insights gathered from community energy forums, such as the 2025 IEEE Energy & 

Policy Forum (April 14-17, 2024), along with ongoing stakeholder engagement efforts.  

 

 

6. Advanced Inverter Roadmap Vision (2024-2041) 

Enable the widespread, secure, and reliable integration of Advanced Inverters—particularly grid-

forming and smart inverters, into distribution systems by 2041, supporting grid modernization 

and distributed energy resource (DER) interconnection goals. 

Current Status of Advanced Inverters in DC IEEE 1547 Adoption 

• The District of Columbia has adopted IEEE 1547-2018 as part of broader interconnection 

reform. Implementation and operationalization remain ongoing. 

• Utilities and regulators continue to implement the standard, including UL 1741 

certification requirements for inverters. 

• However, full implementation is still in progress, especially in comparison to early-

adopter states like California and Hawaii. 

Cybersecurity Measures 

• DC has begun incorporating guidance from IEEE 1547.3 (2023) to address cybersecurity 

concerns related to DER interconnection. 

• Recommended practices include: 

o Use of secure communication protocols like VPNs. 

o Verification of device firmware and cybersecurity compliance during 

interconnection. 

o Development of cybersecurity risk management plans that are included in 

interconnection agreements. 

Grid-Forming Inverter Awareness 

• The roadmap highlights the emerging importance of grid-forming inverters and the need 

for regulatory reform to support their islanding capabilities. 

• DC is not yet a leader in this space but is aware of the need to prepare for evolving 

standards, such as IEEE 1547.4, which is under revision. 

Data and Hosting Capacity Maps 

• DC has begun developing hosting capacity maps, which are essential for identifying 

where advanced inverters and DERs can be integrated cost-effectively. 
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• These maps are a critical first step toward supporting more sophisticated inverter-based 

resource (IBR) deployment. 

 

Challenges and Gaps 

• DC still lacks detailed project-level interconnection cost data and standardized 

reporting mechanisms seen in more mature DER markets like New York or 

California. 

• Technical workforce development is needed to support deployment and 

operation of advanced inverters, especially around cybersecurity and 

interoperability. 

Summary 

Table 10 Current Status of Grid Modernization Priorities in Washington, DC 

Category Status in DC 

IEEE 1547-2018 

Adoption and 

Implementation 

Adopted; implementation and operationalization ongoing, including 

advanced inverter requirements, interconnection practices, settings, 

modeling, and utility readiness. (IEEE 1547™-2018 Adoption Tracker - 

Interstate Renewable Energy Council (IREC)) 

IEEE 1547.3 

Cybersecurity and 

Interoperability 

Early-stage implementation planning. Cybersecurity, communications, 

interoperability, and DER operational governance requirements are 

being evaluated as part of broader advanced DER integration. 

Grid-Forming 

Inverters (GFM) 

Emerging technology pathway under evaluation. Potential applications 

are being considered for future high-DER and inverter-based resource 

conditions, including resilience and system-stability needs. 

Dynamic Hosting 

Capacity Maps 

Advancing from regulatory and analytical development toward 

implementation. Ongoing proceedings and planning activities are 

establishing requirements for more dynamic and transparent hosting-

capacity capabilities. 

Workforce Training 

and Technical 

Capacity 

Recognized implementations need. Continued workforce development 

is needed across advanced inverters, DER integration, interconnection, 

DERMS/ADMS, cybersecurity, energy storage, and emerging grid 

technologies. 

Regulatory and 

Institutional 

Readiness 

Actively advancing, with implementation frameworks continuing to 

mature. Grid modernization requirements are evolving through DCPSC 

proceedings, including FC1050, FC1130, FC1163, FC1182, and related 

interconnection, distribution planning, microgrid, and DER initiatives. 

Continued development is needed to align interconnection 

https://irecusa.org/resources/ieee-1547-2018-adoption-tracker/
https://irecusa.org/resources/ieee-1547-2018-adoption-tracker/
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requirements, IEEE 1547-2018 implementation, advanced inverter 

governance, hosting capacity, DER data and reporting, utility planning, 

microgrid and standby tariffs, DER compensation, cybersecurity and 

interoperability, and emerging DER operational capabilities with the 

District’s long-term clean energy objectives. 

 

7. Strategic Goals and Milestones 

The 2024-2041 Strategic Goals and Milestones establish a phased implementation pathway for 

advancing the District of Columbia’s grid modernization objectives and supporting the long-term 

goal of achieving 15% local solar generation by 2041. The roadmap translates the District’s clean 

energy mission into a sequence of technical, regulatory, operational, and institutional actions, 

recognizing that successful DER integration requires coordinated progress across technology, 

utility planning, interconnection, market design, workforce capability, and regulatory 

frameworks. 

The roadmap is designed as an adaptive implementation framework rather than a fixed 

technology deployment schedule. Near-term phases emphasize stakeholder coordination, 

regulatory alignment, IEEE 1547-2018 implementation, interconnection modernization, technical 

capacity building, and pilot activities. Subsequent phases progressively introduce greater grid 

visibility and controllability through advanced inverter capabilities, hosting capacity analysis, 

ADMS/DERMS, energy storage, demand response, microgrids, and other DER integration 

capabilities. 

As DER penetration increases, later phases focus on operational integration, DER grid services, 

market participation, resilience, system optimization, and emerging technologies, including the 

potential application of grid-forming inverters where technically justified. Regulatory and market 

mechanisms are expected to evolve in parallel to support interconnection reform, appropriate 

DER compensation, interoperability, cybersecurity, affordability, and utility operational 

requirements. 

The milestones should therefore be interpreted as strategic implementation targets that may 

evolve based on DCPSC proceedings, utility investments and implementation schedules, 

technology maturity, applicable standards, federal and regional market developments, 

stakeholder input, and observed system performance. 

 

Phase 1: Foundation & Stakeholder Engagement (Q3 2024 - Q4 

2025) 

Strategic Goal: Establish the technical, regulatory, and stakeholder foundation required for co-

ordinated grid modernization and implementation of IEEE 1547-2018. 
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Key Milestones: Stakeholder engagement; identification of technical and regulatory barriers; 

assessment of testing and certification readiness; development of the initial implementation 

roadmap; evaluation of DER and interconnection data; coordination with DOEE, DCPSC, Pepco, 

DER developers, and technical stakeholders; and advancement of interconnection-rule moderni-

zation. 

Q3 2024 

• Gather stakeholder input, including utilities and DER developers. 

• Identify technical and regulatory barriers to IEEE 1547-2018 implementation. 

Q4 2024 

• Conduct workshops with utilities, regulators, and technical experts. 

• Focus on testing gaps, certification readiness, and education around IEEE 1547-2018. 

Q1 2025 

• Draft initial roadmap outline (including RM40 input). 

• Propose high-level timeline for IEEE 1547-2018 alignment. 

• Begin inventory of compliant and partially compliant DER systems. 

Q2 2025 

• Review stakeholder feedback on alignment strategy. 

• Coordinate with PSC, DOEE, and utilities for pilot program design. 

Q3 2025 

• Publish draft regulatory roadmap integrating IEEE 1547-2018. 

• Identify priority feeders for pilot deployments. 

Q4 2025 

• Finalize updates to DC interconnection rules to incorporate IEEE 1547-2018. 

• Adopt final rule (modeled after CA Rule 21 and Hawaii precedents). 

 

Phase 2: Capacity Building & Voluntary Adoption (Q1 2026 - Q4 

2026) 

Strategic Goal: Transition from planning to early implementation by strengthening institutional 

and workforce capabilities and initiating targeted pilots. 

Key Milestones: Finalize the IEEE 1547-2018 implementation roadmap; advance pilot 

applications of advanced inverter functions; develop technical training for regulators, inspectors, 
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installers, utilities, and other stakeholders; strengthen permitting and interconnection processes; 

evaluate DERMS interoperability requirements; and coordinate District activities with applicable 

federal and regional DER market developments. 

 

Q1 2026 

• Finalize regulatory roadmap for IEEE 1547-2018 implementation. 

• Launch pilot DER interconnections using IEEE 1547-2018 test settings (Volt-VAR, 

frequency ride-through). 

• Begin development of local test protocols and certification pathways. 

Q2-Q3 2026 

• Develop training modules for inspectors, DER installers, and aggregators. 

• Begin coordination with DER aggregators for limited FERC 2222-compliant services. 

Q4 2026 

• Evaluate pilot results. 

• Begin phase-in of permitting integration tools. 

• Kick off stakeholder technical reviews on DERMS interoperability for IEEE 1547-2018 

functions. 

 

Phase 3: Smart Grid Enablement & IEEE 1547-2018 Integration 

(2027-2028) 

Strategic Goal: Establish the digital, operational, communications, and control capabilities 

required to manage increasing DER penetration. 

Key Milestones: Advance ADMS/DERMS capabilities; improve DER visibility and 

communications; assess interoperability performance; expand hosting capacity capabilities; 

coordinate advanced inverter functions with utility operational systems; and progressively 

integrate DER information into distribution planning and operations. 

Q1-Q4 2027 

• Support infrastructure upgrades and early-stage DERMS/ADMS deployment. 

• Assess DER interoperability and communications performance. 

Q1 2028 

• Ensure utility DERMS can manage IEEE 1547-2018 capabilities (voltage/frequency 

response). 
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• Update utility software for DER communications and controls. 

• Begin ADMS and DERMS integration in priority areas. 

•  

Q2-Q3 2028 

• Expand deployment to additional feeders aligned with DER potential and hosting 

capacity. 

• Integrate real-time hosting capacity maps with locational DER services. 

Q4 2028 

• All new DER interconnections must be IEEE 1547-2018 certified. 

• Evaluate and enable eligible DER aggregation participation consistent with applicable 

FERC Order No. 2222 [7], [8] and PJM implementation requirements. 

• Compare DER communications progress with Pepco timelines and infrastructure goals. 

 

Phase 4: Grid Services & Performance Optimization (2029-2030) 

Strategic Goal: Transition DERs from primarily interconnected generation resources toward 

increasingly active participants in grid operations where technically and economically 

appropriate. 

Key Milestones: Expand utilization of advanced inverter functions; improve DER visibility 

through ADMS/DERMS; evaluate voltage and reactive-power support, frequency response, 

demand flexibility, and other potential grid services; validate aggregator and DER performance; 

and continue progress toward the District’s interim solar objectives. 

Q1-Q4 2029 

• DER capabilities provide active voltage and frequency support using IEEE 1547-2018 

functions. 

• Enhance DER visibility in grid operations through ADMS/DERMS. 

Q4 2030 

• Achieve ≥7.65% solar penetration milestone. 

• Validate aggregator-delivered grid services (e.g., reactive support, ride-through). 

 

Phase 5: Full Compliance & Operational Integration (2031-2033) 
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Strategic Goal: Achieve mature implementation of advanced DER requirements and establish 

the monitoring, governance, and operational practices necessary for sustained high-DER 

integration. 

Key Milestones: Strengthen compliance monitoring; evaluate feasible upgrades or replacement 

strategies for legacy DER equipment; mature advanced inverter settings and governance; 

integrate DERs more fully into distribution-system planning and operations; and assess progress 

against the District’s solar and clean energy objectives. 

Q1-Q4 2031-2032 

• Begin retrofitting large legacy DERs (where feasible). 

• Establish monitoring and compliance enforcement mechanisms. 

Q1-Q4 2033 

• Achieve full system compliance with IEEE 1547-2018. 

• DERs fully integrated as controllable, flexible grid assets. 

• Reach ≥9.65% solar penetration milestone with robust inverter support. 

 

Phase 6: Grid Optimization & DER Scaling (2034-2036) 

Strategic Goal: Optimize the performance and value of an increasingly DER-rich distribution 

system using operational experience, advanced analytics, and emerging technologies. 

Key Milestones: Evaluate post-implementation DER performance; expand dynamic or 

increasingly data-driven hosting capacity capabilities; advance locational DER value and 

compensation concepts where appropriate; deploy advanced voltage and flexibility management 

tools; evaluate hybrid DERs and vehicle-to-grid capabilities; and update technical requirements 

based on field experience and evolving standards. 

Q1-Q4 2034 

• Assess DER operational performance post-IEEE 1547-2018. 

• Retrofit legacy DERs where feasible with compliant inverters. 

• Launch locational DER compensation pilots. 

Q1-Q4 2035 

• Test DER behavior under extreme grid conditions. 

• Deploy Volt/VAR optimization, frequency response, and grid support tools. 

• Expand hosting capacity maps with real-time data. 

Q1-Q4 2036 
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• Update interconnection standards based on field performance. 

• Certify emerging technologies (e.g., hybrid DERs, V2G systems). 

• Coordinate DER market integration for advanced ancillary services. 

 

Phase 7: DER Market Maturity and Grid Resilience (2037-2040) 

Strategic Goal: Establish a mature DER ecosystem capable of supporting clean energy 

deployment, grid flexibility, affordability, and resilience as the District approaches its 2041 solar 

objective. 

Key Milestones: Scale storage and flexible-resource participation; advance DER-supported 

resilience applications, including microgrids and islandable systems; expand automated DER 

coordination and dispatch where appropriate; strengthen contingency planning involving DERs 

and storage; refine tariffs and compensation mechanisms based on demonstrated system value 

and impacts; and document implementation lessons and best practices. 

Q1-Q4 2037 

• Achieve ≥12.3% solar generation milestone. 

• Activate storage incentive programs. 

• Launch DER-led resilience pilots (e.g., islanding, black start). 

Q1-Q4 2038 

• Update utility protocols to prioritize DER services. 

• Scale automated DER dispatch. 

• Expand aggregator programs and compensation. 

Q1-Q4 2039 

• Introduce contingency standards incorporating DER and storage. 

• Enhance load shifting via behind-the-meter solutions. 

• Host DER coordination and best practices forums. 

Q1-Q4 2040 

• Finalize 15% solar generation ramp-up strategy for 2041. 

• Revise tariffs based on DER impacts. 

• Publish best practices for IEEE 1547-2018 and evolving grid codes. 
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2041 Mission Milestone 

By 2041, the framework is intended to support achievement of the District’s 15% local solar 

generation objective through a distribution system capable of accommodating substantially high-

er levels of DERs while maintaining reliability, resilience, security, affordability, power quality, 

and operational flexibility. 

The 2041 milestone represents more than an increase in installed solar capacity. It reflects the 

intended evolution toward a grid in which advanced inverters, energy storage, demand 

flexibility, microgrids, ADMS/DERMS, improved hosting capacity, modernized interconnection 

processes, appropriate market and tariff mechanisms, cybersecurity, interoperability, and 

technically prepared workforce operate as an integrated grid modernization ecosystem. 

8. Advanced Inverter Technology Roadmap (FY2024-FY2041) - 

Quarterly Technology and Policy Interception Timeline 

Following identification of the principal phases of grid modernization and advanced DER 

integration, the Advanced Inverter Technology Roadmap (FY2024-FY2041): Quarterly 

Technology and Policy Integration Timeline was developed to establish a structured pathway 

for coordinating technical implementation with supporting policy and regulatory actions. 

The roadmap aligns technology, system, and operational milestones, including advanced inverter 

implementation, pilot deployments, DERMS/ADMS integration, energy storage and microgrid 

applications, hosting capacity enhancements, communications and interoperability, and advanced 

grid analytics, with corresponding policy and regulatory milestones, including interconnection 

reform, IEEE 1547-2018 implementation and operationalization, compliance and performance 

requirements, tariff development, incentive mechanisms, and DER grid-service frameworks. 

Milestones are organized chronologically to illustrate the intended progression and 

interdependencies between technology deployment, utility operational readiness, regulatory 

development, and institutional capacity. This integrated approach recognizes that increasing DER 

penetration requires coordinated advancement of technical capabilities and the regulatory 

frameworks necessary to support their safe, reliable, secure, and cost-effective deployment and 

operation. 

The roadmap is intended to serve as a strategic planning framework rather than a fixed 

deployment schedule. Individual milestones may evolve in response to DCPSC proceedings, 

utility implementation schedules and investments, technology maturity, applicable standards and 

grid codes, federal and regional market developments, stakeholder input, and observed 

distribution-system performance. 

Over the FY2024-FY2041 planning horizon, the roadmap supports the District's progression 

toward a more flexible, reliable, resilient, secure, and DER-enabled distribution system, while 

supporting the District's objective of achieving 15% local solar generation by 2041. Advanced 

inverter capabilities are treated as a foundational component of this transition, enabling 
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progressively greater DER interoperability, observability, controllability, and grid-support 

functionality as system requirements and DER penetration evolve 

2024 

• Q4 2024 (Aug 2024): 

o Technology: Conduct technical gap analysis through multi-stakeholder 

workshops. Technical experts, utilities, and DER developers identify gaps in 

testing procedures, certification readiness, and training needs for IEEE 1547-2018 

compliance. These findings will inform pilot designs and ensure engineering 

challenges (e.g. inverter settings, communication protocols) are recognized early. 

o Policy: Regulatory kickoff and stakeholder engagement begin. The Public Service 

Commission (PSC) formally opens a docket (FC1050), and the energy department 

drafts a straw proposal to adopt IEEE 1547-2018 standards. This quarter also 

features initial outreach (workshops with regulators and industry) focusing on 

educating participants about new requirements and addressing policy barriers to 

advanced inverter adoption. 

2025 

• Q1 2025: 

o Technology: Develop the initial roadmap blueprint A draft roadmap is 

formulated (with input from the RM40 working group) outlining a high-level 

timeline for aligning with IEEE 1547-2018. An inventory of existing DER 

systems is initiated to categorize which are already compliant or partially 

compliant, guiding future technical upgrade efforts. 

o Policy: Internal review and coordination take center stage Regulators and 

agencies (PSC, DOEE, etc.) review the draft roadmap and integrate stakeholder 

feedback. No major external policy actions are announced this quarter; instead, 

efforts focus on inter-agency coordination to refine compliance timelines and 

prepare regulatory frameworks in line with the draft roadmap. 

• Q2 2025: 

o Technology: Design of pilot programs gets underway Utility engineers, in 

coordination with PSC and the Department of Energy & Environment (DOEE), 

outline pilot DER interconnection projects that will test advanced inverter 

functions in the field. These designs incorporate stakeholder feedback on 

technical barriers, ensuring pilots address real-world integration issues (such as 

volt-var tuning and ride-through settings). 

o Policy: Incentivize innovation through funding opportunities The PSC’s 

Microgrid RFP closes this quarter, making approximately $10 million available 

for microgrid projects that utilize advanced inverters. This funding opportunity is 
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a key policy initiative to spur demonstration projects; winning proposals (to be 

selected soon after) are expected to showcase IEEE 1547-2018 capabilities in 

practice. Regulators also continue working on regulatory language for pilot 

program approval and any needed tariff adjustments to accommodate these pilots. 

• Q3 2025: 

o Technology: Release of the draft roadmap for public comment A 

comprehensive draft Regulatory Roadmap is published, detailing steps for 

integrating IEEE 1547-2018 functions into the grid over time. On the technical 

side, this draft identifies priority feeder locations for the first pilot deployments of 

advanced inverters, so utilities and developers can begin preparations (such as 

equipment procurement and site assessments). 

o Policy: Stakeholder engagement and regulatory dialogue intensify The PSC 

holds a technical conference to discuss standby tariff reforms, aligning electricity 

tariffs with the presence of DERs and advanced inverters (for example, ensuring 

tariffs don’t penalize smart inverter functionality). Feedback from this conference 

and from the published roadmap is collected to refine policy measures. This 

quarter serves as a major decision point where regulators hear any concerns on the 

draft roadmap and tariff implications before finalizing rules. 

• Q4 2025: 

o Technology: Pilot preparation and industry readiness With the regulatory 

roadmap nearly finalized utilities and DER providers ramp up preparations for 

upcoming pilot projects. Advanced inverter manufacturers and developers ensure 

equipment is IEEE 1547-2018 certified and ready for deployment. Efforts also go 

into updating utility interconnection processes (software and forms) so that, by 

next quarter, pilot projects can interconnect smoothly under the new standards. 

o Policy: Final rule adoption - a critical compliance milestone. The IEEE 1547-

2018 standard is formally incorporated into the jurisdiction’s interconnection 

rules. The PSC finalizes and adopts new regulations (drawing on precedents like 

California’s Rule 21 and Hawaii’s standards) that mandate advanced inverter 

functionality for new DER going forward. This decision establishes a clear 

regulatory requirement and timeline, marking the end of the planning phase. The 

expected outcome is a regulatory framework in place to enforce compliance, 

effective in the coming year. 

2026 - Capacity Building & Voluntary Implementation Phase 

• Q1 2026: 

o Technology: Pilot projects launch Utilities interconnect the first pilot DER 

systems under the new standard, activating advanced inverter functions like Volt-

VAR control and frequency ride-through in real operating conditions. Engineers 
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also begin developing local test protocols and certification pathways, establishing 

how inverters will be tested and certified for IEEE 1547-2018 compliance at the 

local level (e.g., testing facilities or field verification processes). Early outcomes 

expected this quarter include initial data on inverter performance and 

identification of any tuning needed for local grid conditions. 

o Policy: Roadmap finalized and implementation begins The regulatory roadmap 

(begun in 2024) is officially finalized and published, giving all stakeholders a 

clear plan of action and deadlines. Regulators use this as a basis to begin tracking 

compliance progress. Additionally, any needed interim guidelines or waivers are 

issued to support the pilot projects (for example, expedited permitting for pilot 

participants), ensuring policy is facilitating the technology deployment. 

• Q2 2026: 

o Technology: Training development Work starts on comprehensive IEEE 1547-

2018 training modules for key personnel. This includes creating curricula and 

materials for electrical inspectors (to correctly validate advanced inverter settings 

in the field), for solar installers (to properly program and install compliant 

inverters), and for aggregator or microgrid operators (to utilize the new features). 

By the end of the quarter, draft training programs and manuals are prepared, ready 

for rollout. 

o Policy: Ongoing coordination and voluntary incentives Policymakers focus on 

supporting the technical efforts this quarter. They collaborate with utilities on 

pilot oversight (ensuring any early pilot issues are addressed) and consider 

incentive programs to encourage voluntary early adoption. For example, 

discussions may begin on offering rebates or expedited approvals for DER owners 

who choose to activate advanced inverter functions before they are mandatory. No 

new regulations are introduced this quarter, but groundwork is laid for smooth 

adoption (such as aligning inspection protocols with the coming training). 

• Q3 2026: 

o Technology: Capacity building and outreach The training program developed in 

Q2 is rolled out. Workshops and certification courses are conducted for 

inspectors, installers, and aggregators, enhancing the workforce’s ability to 

implement and oversee advanced inverters. Utilities and manufacturers may co-

host some training sessions to demonstrate configuring Volt/VAR curves, ride-

through settings, etc. As a result, by the end of Q3 a growing pool of technicians 

and officials are proficient in the new standards. 

o Policy: Monitoring pilot progress Regulators and stakeholder committees 

monitor the ongoing pilot project data. A mid-pilot review may occur, using 

lessons learned to inform if any adjustments in interconnection procedures or 

timelines are needed. For instance, if pilots show a particular requirement is hard 

to meet, regulators can plan to issue guidance or phased timelines. The quarter 
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might also see continued outreach (via newsletters or public meetings) to keep 

DER owners informed of upcoming mandatory requirements, thus blending 

stakeholder engagement with compliance prep. 

• Q4 2026: 

o Technology: Pilot evaluation The initial pilot projects conclude or reach key 

milestones, allowing a thorough evaluation of results. Technical teams analyze 

inverter performance data (voltage regulation success, instances of ride-through 

during disturbances, etc.) and compare against expectations. This evaluation 

identifies any necessary tweaks to settings or equipment. It also validates that 

advanced inverters can operate without adverse effects on power quality. The 

expected outcome is a set of performance reports and recommendations for 

broader deployment. 

o Policy: Integration into permitting Using pilot insights, authorities begin 

phasing in advanced inverter requirements into standard DER permitting 

processes. Interconnection application forms, checklists, and software are updated 

to include IEEE 1547-2018 compliance checks. For example, developers now 

must submit certified inverter documentation and configure settings per the new 

standard when applying for connection. This phase-in is careful to accommodate 

learning from pilots - any integration tools (like online application portals) are 

adjusted this quarter to support a smoother full compliance rollout in 2027. 

2027 - Smart Grid Infrastructure Support 

• Q1 2027: 

o Technology: Grid modernization planning Utilities initiate upgrades to grid 

monitoring and control infrastructure to support widespread advanced inverter 

integration. This includes planning for communications networks (so that DER 

inverters can exchange data with utility control centers) and evaluating Advanced 

Distribution Management System (ADMS) or DER Management System 

(DERMS) solutions. By the end of Q1, utilities may issue procurement plans or 

pilot proposals for DERMS, ensuring the technology layer is in place to manage 

thousands of new smart inverters. 

o Policy: Infrastructure investment support Regulators move to support these 

utility upgrades by establishing cost recovery provisions or incentives for smart 

grid investments. For instance, a regulatory order or ruling may approve utility 

spending on communication upgrades and control systems needed for DER 

integration, classifying them as prudent investments. Stakeholder engagement 

continues via working groups to ensure these infrastructure plans align with 

policy goals (reliability, cybersecurity, interoperability standards). 
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• Q2 2027: 

o Technology: Initial ADMS/DERMS testing Utilities begin limited field tests of 

ADMS/DERMS capabilities in a controlled setting. A small number of feeders 

with existing DER pilots might be connected to a pilot DERMS to test 

functionalities like real-time inverter telemetry, remote inverter setting 

adjustments, and coordinated dispatch. Additionally, the utility installs necessary 

sensors and telemetry on those feeders to enable full visibility of voltage and 

power flow. These tests aim to verify that the new management systems can 

reliably handle communications with inverters before wider deployment in 2028. 

o Policy: Standards and cybersecurity development In parallel with tech testing, 

regulatory bodies and industry experts work on data communication standards and 

cybersecurity guidelines for DER integration. This quarter may see the drafting of 

requirements (or best practices) ensuring that as utilities communicate with 

inverters, they do so securely and with standardized protocols. Policymakers 

might reference national standards or issue guidelines so that any DERMS/ADMS 

deployed will meet interoperability and security expectations. 

• Q3 2027: 

o Technology: Grid support pilot expansion Building on earlier pilots, utilities 

extend testing of advanced inverter functions to additional circuits. New “smart 

grid support” pilot projects are launched on selected feeders, focusing on dynamic 

voltage regulation in real conditions. This could include, for example, enabling 

conservation voltage reduction (CVR) on a feeder using DER reactive power 

support or intentionally operating a neighborhood as an islanded microgrid in a 

test. The technology goal is to prove the scalability of advanced inverter 

operations beyond the initial small pilots. 

o Policy: Mid-phase review and stakeholder alignment Regulators convene a 

mid-phase checkpoint meeting with utilities and other stakeholders. They review 

progress on infrastructure upgrades and pilot outcomes to date, ensuring 

alignment with the roadmap. If necessary, this is a decision point to adjust 

timelines or provide additional support. For instance, if DERMS testing is 

progressing slower than expected, regulators could streamline approval processes 

or provide additional incentives. The quarter emphasizes open communication, 

with regulators potentially issuing a status report on the roadmap’s progress to 

maintain transparency. 

• Q4 2027: 

o Technology: Communications infrastructure readiness By year’s end, utilities 

finalize key communications and IT infrastructure on pilot circuits. Data from 

advanced inverters is now flowing into utility operations centers for those circuits, 
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providing full visibility of DER behavior. These upgrades validate that the 

network can handle increased data volume and speed requirements. Additionally, 

technical requirements for full DERMS deployment (to start next year) are 

documented - e.g., any remaining IT integration tasks are identified. The outcome 

is a grid more instrumented and ready for DER integration at scale. 

o Policy: Procedure updates and knowledge transfer With nearly a year of pilots 

and training completed, regulators and utilities update interconnection procedures 

and guidelines. Any minor adjustments identified (such as clarifications in 

interconnection applications or refinements in compliance reporting) are formally 

adopted into policy documents or utility handbooks. Also, results and learnings 

from 2026-2027 are summarized in a guidance report. This report is shared with 

industry stakeholders so that everyone is prepared for the Regulatory Alignment 

Phase starting in 2028 - it effectively bridges the knowledge from pilots to 

broader implementation. 

2028-2030 - Regulatory Alignment Phase 

• Q1 2028: 

o Technology: DERMS deployment begins Utilities roll out Advanced 

Distribution Management Systems / DER Management Systems in live 

operations, at least in pilot regions. These systems are configured to manage IEEE 

1547-2018 functions - for example, they can send commands to inverters for 

dynamic voltage or frequency response. Utility software receives updates to 

improve DER communications, integrating standardized protocols (like IEEE 

2030.5 or SunSpec) to talk with inverters. By the end of the quarter, initial 

ADMS/DERMS functionality is online and tested, marking a major technology 

integration milestone. 

o Policy: Operational oversight and reporting Regulators keep a close eye on the 

DERMS rollout. They may require progress reports on DERMS implementation, 

ensuring that the system meets functional requirements (like being able to limit 

inverter output for safety or aggregate DER responses). Additionally, a 

compliance reporting framework is put in place: utilities must start documenting 

how new DER connections are using advanced functions. This quarter might also 

introduce minor policy tweaks such as clarifying the roles of aggregators in using 

the new system or ensuring customer data privacy in DER communications. 

• Q2 2028: 

o Technology: Priority area expansion The integration of advanced inverters and 

DERMS is expanded to priority grid areas. Priority areas are those identified with 

high DER penetration potential or grid constraints that DER support can mitigate. 

Utilities connect more feeders and DER assets to the DERMS, improving 

monitoring and control in those areas. New DER installations in these zones are 

immediately integrated into the system. The expected outcome is an expanded 
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footprint where real-time DER coordination is active, helping stabilize local grid 

sections and providing data for further refinement. 

o Policy: Targeted expansion incentives To complement technical expansion, 

regulators or policymakers may introduce targeted incentives for DER 

deployment in these priority areas. For example, they might offer expedited 

interconnection approval or additional rebates for projects in locations that 

strengthen grid reliability. This policy layer ensures that the areas that most 

benefit from DER support see accelerated adoption. Additionally, authorities 

monitor the expanded deployment for any regulatory issues (like interconnection 

queue delays or voltage complaints) to address them promptly. 

• Q3 2028: 

o Technology: Refinement of operations As DERMS operations cover more areas, 

the utility focuses on refining control algorithms and system settings. Data from 

Q2’s expanded deployments is analyzed to adjust inverter settings profiles for 

local conditions. For instance, in areas where voltage flicker was observed, 

inverter Volt/VAR response curves are fine-tuned. The control center operations 

also become smoother as operators gain experience; some decision-making may 

be semi-automated now that trust in DER responses is growing. 

o Policy: Interim evaluation of expansion Midway through the Regulatory 

Alignment Phase, regulators hold an evaluation session on the progress of DER 

integration. They review whether the priority area approach is working and solicit 

feedback from developers and communities in those areas. If any policy barriers 

are identified (for example, if interconnection study processes are slowing 

deployment), regulators propose adjustments this quarter. The policy outcome is a 

refined approach that will feed into finalizing mandatory requirements by year’s 

end. 

• Q4 2028: 

o Technology: System validation A comprehensive system assessment is 

performed. Utilities validate that the DERMS and advanced inverter ecosystem is 

functioning as intended across all engaged feeders. Stress tests or simulations 

might be run with high DER output scenarios to ensure stability. By this point, 

most technical kinks have been worked out, and the grid is deemed ready to 

handle a large influx of compliant DER. This validation is an important 

checkpoint before moving to mandate compliance for all new DER. 

o Policy: Mandatory compliance rule set The regulatory agencies finalize the rule 

that effective next year (2029 Q1), all new DER interconnections must be IEEE 

1547-2018 compliant and certified. This rulemaking ensures that the voluntary 

phase transitions to a mandatory phase. It may involve issuing a formal order or 

updating the interconnection code with an effective date. Along with this, 

regulators are likely to finalize how they will enforce this (e.g., requiring 
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certification documents in applications, penalties for non-compliance). This 

quarter is a major decision point where the voluntary adoption phase officially 

shifts to a compulsory standard. 

• Q1 2029: 

o Technology: Universal compliance in new installations The new rule takes 

effect. All new DER installations now come with advanced inverters by default, 

using the required IEEE 1547-2018 settings (voltage regulation, ride-throughs, 

etc.). This immediate technical outcome is a surge in compliant DER devices 

connecting to the grid. Utilities observe the first wave of fully compliant new 

DERs, which are promptly integrated into the DERMS for active management. 

The expectation is that these new DERs will have minimal integration issues 

thanks to years of preparation. 

o Policy: Enforcement begins Interconnection applications are now scrutinized for 

compliance - any new project must show proof (equipment certification, settings 

configuration) of meeting IEEE 1547-2018. Regulators and utility interconnection 

teams enforce the standard strictly: non-compliance applications are held or 

rejected. A tracking mechanism may also be implemented this quarter, logging 

each new DER’s compliance status. The policy emphasis is on ensuring 100% of 

new DER adhere to the standards from day one of the mandate, using the 

authority of the PSC and utility tariffs. 

• Q2 2029: 

o Technology: Advanced hosting capacity maps Utilities upgrade their hosting 

capacity maps (which show how much DER each feeder can accommodate) by 

integrating real-time data from the DERMS. These maps now include locational 

DER service information - highlighting where DER with certain capabilities, can 

provide grid support or where capacity is available. Technologically, this involves 

merging inverter telemetry and performance data to continuously update the 

maps. The expected outcome is a dynamic tool that helps developers identify 

optimal interconnection sites and services that DER could offer at those sites. 

o Policy: Transparency and planning support Regulators encourage the use of 

the new hosting capacity maps in the interconnection process. Possibly, a policy is 

introduced requiring utilities to publish these maps for developers and update 

them regularly (improving transparency). By doing so, it streamlines 

interconnection requests and aligns new projects with grid needs (a soft policy 

measure supporting efficient technology deployment). Additionally, this quarter 

might see the initiation of discussions on how to leverage these maps for offering 

locational incentives or rates (though pilots for that start in 2034). 
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• Q3 2029: 

o Technology: Aggregator services pilot DER aggregators begin providing limited 

ancillary services to the grid in pilot programs. Technologically, this means virtual 

power plant (VPP) operators or utility-run aggregation platforms dispatch fleets of 

customer-owned DER (like rooftop solar+battery systems) to provide support 

such as voltage regulation or frequency response. These pilots are often facilitated 

by the DERMS which can send signals to many inverters at once. The expected 

technical outcome is proof that aggregated DER can reliably respond as a 

resource, albeit in a limited scope initially (e.g., small geographic area or limited 

MW capacity). 

o Policy: Market rule development In parallel with aggregator technical pilots, 

regulators are drafting or refining market rules and compensation mechanisms for 

these services. This quarter likely involves regulatory proceedings on how 

aggregators will participate in the energy/ancillary service markets or utility 

programs. Key policy decisions include establishing performance standards for 

aggregators, determining how they get paid (tariffs or market clearing prices), and 

addressing any necessary licensing or qualification for aggregator entities. These 

decisions are critical for scaling DER services beyond pilots. 

• Q4 2029: 

o Technology: Widespread adoption and analysis By the end of 2029, the 

majority of new DER installations over the past year have been advanced-inverter 

equipped. Utilities analyze the grid performance with this influx of smart DER. 

Preliminary analysis likely shows improved local voltage stability and fewer 

power quality complaints in areas with high compliance. Any anomalies or 

integration issues encountered (perhaps communication bandwidth issues or 

minor inverter malfunctions) are documented for resolution. This quarter 

solidifies the technical feasibility of operating a grid with a high fraction of smart 

inverters. 

o Policy: Compliance audit and adjustments Regulators conduct a one-year 

review of the mandatory compliance policy. They audit how well new 

interconnections adhered to the rules in 2029 and gather any reported issues from 

both utilities and developers. If issues are found (for example, delays in 

processing due to certification verification), regulators issue clarifications or 

process improvements. Overall, the policy outcome is an affirmation that 

compliance enforcement is working, with minor tweaks applied as needed to 

improve efficiency in the interconnection approval process. 

• Q1 2030: 

o Technology: Scale-up of DER grid services Building on the 2029 pilots, DER 

aggregators and utilities expand the scope of ancillary services. More aggregated 

DER capacity is brought online to provide frequency regulation, spinning reserve, 
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or voltage support. Technically, this may involve integrating these services into 

daily grid operations or market bids. For instance, an aggregator might now 

provide a few MW of frequency regulation across hundreds of batteries, 

coordinated via an AI-driven dispatch system. The result is a larger-scale 

demonstration of DER’s ability to contribute to reliability without manual 

intervention. 

o Policy: Tariff and market adjustments To enable the above, tariff updates or 

new market products are introduced. Regulators approve new compensation 

structures (perhaps a “grid support services tariff”) that pays DER owners or 

aggregators for specific services. Additionally, market operators may adjust 

market rules to accommodate the unique characteristics of DER (like allowing 

shorter-duration bids from battery aggregations). This quarter likely sees official 

implementation of these policies, ensuring those providing services are 

compensated and bound by performance requirements. 

• Q2 2030: 

o Technology: Automated monitoring and analytics With thousands of advanced 

inverters now online, utilities deploy enhanced analytics tools to monitor their 

performance at scale. This includes using AI-driven analysis to detect any 

abnormal inverter behavior or suboptimal settings. For example, machine learning 

algorithms might analyze voltage data to identify feeders where inverter response 

could be improved. The expected outcome is proactive identification of issues 

(like an inverter consistently hitting its limits) so that they can be addressed 

(reconfigured or supplemented with additional support). 

o Policy: Mid-decade progress review Policymakers hold a formal review of the 

DER roadmap progress. By mid-2030, they assess how close the system is to the 

interim goal of 5% solar generation and whether IEEE 1547-2018 compliance is 

universal in new installs. This review may be documented in a status report or a 

hearing. Major decision points here include confirming if any additional measures 

are needed to hit the 5% target by year’s end or if any policies are causing 

unintended delays. It’s a chance to adjust course while the final 2030 milestone is 

still ahead. 

• Q3 2030: 

o Technology: Grid stress testing The utility conducts advanced simulations and 

perhaps field tests to ensure the grid can handle high DER scenarios. This 

includes testing inverter responses to extreme events: e.g., simulating a sudden 

drop in frequency to confirm inverters provide support as expected, or a rapid 

voltage spike to test ride-through. Some tests might involve coordinated inverter 

actions during peak solar production to see how well the DERMS prevents 

backfeed issues. The technical output is a set of data that confirms robustness or 

highlights any last adjustments needed in inverter settings or grid configuration. 
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o Policy: Barrier resolution During this quarter, any minor obstacles identified in 

the mid-decade review are addressed. For example, if the review found that 

smaller DER owners (like residential customers) face challenges upgrading to 

compliant inverters, programs could be introduced to assist them. Regulators 

might also clarify policy on energy storage integration (ensuring batteries paired 

with solar also meet relevant standards). By removing these barriers, the policy 

environment is optimized for hitting the year-end goals. 

• Q4 2030: 

o Technology: Milestone - 5% solar generation achieved The region reaches 

roughly 5% of its electricity from solar/DER, a key benchmark in the roadmap. 

Advanced inverters are actively being used to support grid voltage and frequency 

- for instance, during peak solar hours, inverters regularly dispatch reactive power 

to hold voltages within limit, and during minor frequency dips, they provide 

injections to support the system. This milestone demonstrates that the technical 

foundation laid in prior years is effective: the grid can handle 5% DER 

penetration with smart inverters maintaining stability. 

o Policy: Impact assessment and next steps Regulators publish an assessment 

report on the impact of reaching the 5% DER milestone. The report likely notes 

improvements in grid performance attributable to advanced inverters (e.g., voltage 

complaint reduction, fewer feeder overloads due to coordinated DER output). It 

also uses this success to justify the continuation into the next phase of the 

roadmap - focusing on retrofitting older DER and further increasing penetration. 

A major decision point here is planning for full compliance of existing DER: 

policymakers schedule the upcoming requirements or programs for retrofitting 

legacy systems, setting the stage for 2031-2033 initiatives. 

2031-2033 - Full Compliance and Optimization 

• Q1 2031: 

o Technology: Retrofit programs launch With new DER projects now consistently 

compliant, focus shifts to existing DER that were grandfathered. A retrofit 

program is initiated to upgrade large legacy DER installations with advanced 

inverter capabilities. Technically, this quarter is spent identifying candidates (e.g., 

large solar farms or community solar projects installed pre-2018) and developing 

upgrade plans for each. Utilities and third-party engineers collaborate to outline 

the needed inverter replacements or firmware updates. The goal is to start with 

sites where retrofits will yield the greatest grid benefit. 

o Policy: Incentives and mandates for retrofits Policymakers introduce measures 

to encourage or require these upgrades. This might include financial incentives 

(grants, rebates, or favorable rate treatment) for owners who retrofit voluntarily, 

as well as setting a future compliance deadline for large DER to be upgraded. By 

end of Q1, an official program is likely in place: for example, a rule might state 
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that by 2033 all systems above a certain size must meet IEEE 1547-2018, with 

incentives available for early compliance. This quarter marks the beginning of the 

push for 100% fleet compliance. 

• Q2 2031: 

o Technology: Commence physical retrofits The first batch of retrofits is 

executed. Technicians replace or upgrade inverters on some of the highest-priority 

DER installations. Real-time monitoring is used to test that these retrofitted units 

now respond to grid signals as expected. Any technical challenges (such as 

integration of new inverters with old infrastructure) are logged to refine 

approaches for subsequent batches. Technologically, by the end of Q2, the grid 

sees an uptick in responsive DER as these formerly “dumb” systems gain smart 

functionality. 

o Policy: Performance monitoring framework Regulators roll out performance 

monitoring and compliance enforcement mechanisms to oversee both new and 

retrofitted DER. Utilities may be required to produce quarterly compliance reports 

showing which DER are meeting standards and which are not. Additionally, 

automated monitoring systems (potentially part of DERMS) send alerts if any 

DER isn’t operating within required parameters. On the enforcement side, policies 

are set so that non-compliant systems after certain dates could face penalties or 

disconnection. The emphasis is on establishing an infrastructure to ensure 

ongoing compliance, not just one-time certification. 

• Q3 2031: 

o Technology: Scaling up retrofits The retrofit program accelerates. More crews or 

vendors are brought in, and the process is streamlined from lessons learned earlier 

in the year. Medium-sized DER sites and those at critical grid locations are now 

included. By Q3, the majority of high-impact legacy DER should either be 

upgraded or scheduled for upgrade. The technical team also ensures that each 

retrofit is integrated into DERMS, so the utility immediately gains operational 

control/visibility once a site is upgraded. 

o Policy: Enforcement begins for laggards With incentives and ample notice 

given, regulators start applying compliance enforcement to any large DER owners 

not cooperating. For example, a warning might be issued to a solar farm that has 

not scheduled a retrofit, indicating they must comply or face suspension of 

interconnection service. This quarter likely sees the first instances of formal 

enforcement actions, underscoring that the policy has teeth. The expected 

outcome is increased urgency among any remaining holdouts to join the retrofit 

program. 
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• Q4 2031: 

o Technology: Integrated grid operations As retrofitted DER systems come online 

with advanced functions; they are treated as fully integrated grid resources. By 

end of 2031, a significant portion of previously installed DER now operates as 

flexible, controllable assets, similar to new installations. Grid operators can 

dispatch or rely on these assets for support during peak times or disturbances. 

Technically, this closes much of the gap in capability between legacy and new 

DER fleets. 

o Policy: Progress audit and planning Regulators and policymakers audit the 

year’s retrofit progress. Metrics such as “percentage of total DER capacity now 

compliant” are evaluated. If, say, the audit finds that 70% of DER capacity is 

compliant, they will plan efforts for the remaining 30%. This quarter, the policy 

layer might set targets for 2032 (e.g., achieve 90% compliance by end of 2032) 

and allocate any additional resources needed (like extending incentives or 

providing technical assistance programs for smaller DER owners in the next 

phase). 

• Q1 2032: 

o Technology: Ongoing retrofits (smaller systems). The retrofit initiative now 

extends to smaller and more distributed DER sites, where feasible. Community 

solar installations, midsize commercial systems, and possibly aggregated 

residential systems that can be upgraded in groups are tackled. Technicians might 

utilize bulk upgrade programs (e.g., swapping out inverters in a whole community 

where lots of rooftop PV from a certain era exist). The technical aim is to capture 

“long tail” systems efficiently. 

o Policy: Support for widespread compliance. Recognizing that smaller operators 

may need more help, regulators potentially adjust incentive programs to cover a 

broader range of system sizes or simplify the process (perhaps a rebate for 

homeowners who replace old inverters). There may also be community outreach 

campaigns launched this quarter, educating smaller DER owners about the 

benefits of upgrading (improved safety, potential bill credits for providing grid 

support, etc.). These policy efforts ensure even the distributed segments of the 

market move toward compliance. 

• Q2 2032: 

o Technology: Advanced monitoring deployment To manage the now 

substantially larger number of compliant DER devices, utilities deploy enhanced 

real-time monitoring across the distribution system. More sensors and intelligent 

devices are installed at substations and key feeders to track power flows and 

voltage where many DERs are connected. This might include upgrades to the 

DERMS to handle more data and employing AI-based analytics for anomaly 

detection. For example, an AI system might watch for any inverter that stops 
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responding to commands and flag it for inspection. The result is a more resilient 

oversight of DER behavior as compliance nears 100%. 

o Policy: Interim compliance checkpoint Midway through 2032, regulators 

evaluate the status of the full compliance push. By now, compliance mechanisms 

(reporting, enforcement) are fully in place, and data from these systems is 

reviewed. The checkpoint might reveal, for example, that 85% of DER capacity is 

compliant. For any remaining non-compliant segment, regulators consider if 

additional measures are needed (like a stricter enforcement deadline or perhaps 

conceding that some very old DER will be grandfathered out due to infeasibility). 

They adjust the policy approach accordingly, with the aim of wrapping up the 

compliance effort by 2033. 

• Q3 2032: 

o Technology: Near-universal compliance achieved Technologically, at this point 

the vast majority of DER systems on the grid support advanced inverter functions, 

dramatically improving overall grid flexibility. The DERMS is now controlling or 

at least monitoring nearly all DER capacity. The few exceptions might be very 

small or end-of-life systems. Grid operations this quarter treat DER as a routine 

component: for instance, during a grid disturbance, it’s expected that hundreds of 

inverters will assist, and they do so reliably. This is a culmination of the retrofit 

efforts yielding tangible grid stability benefits. 

o Policy: Full enforcement in effect All compliance enforcement mechanisms are 

fully active. If any straggler systems have not upgraded, they are likely isolated 

cases undergoing last-minute fixes or facing decommissioning. Regulators ensure 

that fines or disconnect orders (if applicable) are ready to be issued for any entity 

that remains out of compliance without a justified exemption. This creates a 

strong incentive to have everyone across the finish line by next quarter. The 

regulatory stance is firm: after years of support and warnings, 2033 is the hard 

deadline for full compliance. 

• Q4 2032: 

o Technology: Completion of retrofits. Essentially all targeted DER retrofits are 

complete by the end of 2032. Any remaining non-compliant DER are either in the 

final stages of upgrade or are deemed technically exempt (perhaps due to 

impending retirement or negligible impact). Technically, the grid is now operating 

with a full suite of advanced inverters across both new and old DER, setting the 

stage to declare complete compliance. Engineers focus on optimizing the now-

homogeneous DER fleet’s performance and planning for how to leverage this 

capability fully in operations. 

o Policy: Preparation for compliance declaration Regulators prepare to formally 

declare the system in full compliance. This involves verifying all documentation 

and perhaps conducting random audits or site visits to double-check a sample of 
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retrofitted systems. Policies for beyond compliance are also drafted - for example, 

how to maintain compliance (ensuring future updates to standards or new DER 

entrants remain aligned) and how to integrate DER into resource planning now 

that they can be counted on as firm resources. By the start of 2033, the 

jurisdiction is ready to announce it has met the IEEE 1547-2018 integration goal. 

•  

• Q1 2033: 

o Technology: Final verification testing Utilities perform final rounds of 

integration testing to ensure that with all DER now compliant, the grid operates 

smoothly under various conditions. This may include special simulations or live 

tests, such as deliberately altering voltage in a controlled way to watch the unified 

inverter response, or testing communications fail-safes (ensuring that if DERMS 

disconnects, inverters default to safe settings). These tests provide confidence that 

the entire DER fleet can be relied upon in day-to-day and emergency scenarios. 

o Policy: Official verification of compliance Regulators verify through reports and 

perhaps third-party audits that effectively 100% of required DER installations are 

now in compliance with IEEE 1547-2018. Any anomalies found are minor and are 

being corrected. The PSC might prepare an official order or announcement stating 

full compliance has been achieved. This verification marks the culmination of 

over 8 years of regulatory effort since the first adoption in 2025, and sets a 

precedent for managing technology mandates. 

• Q2 2033: 

o Technology: Optimized DER operations With compliance assured, the focus 

shifts to fully leveraging DER capabilities in normal grid operations. Utilities 

fine-tune how they use the DER fleet: for example, adjusting schedules for when 

to dispatch reactive power (maybe preemptively during solar noon) or 

coordinating battery charging/discharging more closely with wholesale market 

prices. The advanced inverters now actively contribute to improved power quality 

- for instance, voltage fluctuations and frequency dips are actively mitigated by 

automated inverter responses. Customers might notice more stable power, even on 

very sunny or high demand days. 

o Policy: DER contribution milestone tracking Policymakers evaluate renewable 

energy and DER contribution levels. By mid-2033, solar generation’s share is 

growing; they confirm progress toward the next milestone (approximately 9.65% 

solar generation share by year-end). This number is significant as it approaches 

double digits, and the policy focus is on ensuring that as this share grows, 

reliability remains high - which it has, thanks to the now-optimized inverters. The 

regulatory agencies use these statistics to communicate success and continue 

building public and political support for DER integration. 
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• Q3 2033: 

o Technology: Grid resilience demonstration A large-scale resilience test or 

simulation is conducted, now that DER are fully integrated assets. For example, 

the system operator might simulate the loss of a major power plant and rely on 

distributed solar+storage (with their smart inverters) to ride through the event and 

support the grid frequency. Alternatively, a controlled islanding test could be done 

in a neighborhood to show that a high-DER community can self-support when 

disconnected. These demonstrations provide valuable data on how effectively the 

DER can respond in rare events, going beyond normal operations into 

contingency management. 

o Policy: Post-compliance policy refinement Having achieved full compliance, 

regulators review if any interconnection rule refinements are needed post-

implementation. They may consolidate all interim guidelines into a final updated 

interconnection rulebook. This could involve minor changes like simplifying 

compliance reporting now that it’s routine, or updating insurance requirements 

given DER stability. Essentially, the regulatory framework is polished to remove 

any transitional provisions and ensure it’s suited for the long haul with DER. No 

major new policies are needed at this point, just optimization of existing ones. 

• Q4 2033: 

o Technology: Full compliance and performance milestone By the end of 2033, 

the jurisdiction can declare that full compliance with IEEE 1547-2018 has been 

achieved, and the grid is experiencing the benefits. DERs are now integrated into 

grid operations as flexible, controllable assets, responding to utility control signals 

and grid conditions as designed. A significant solar penetration milestone of 

~9.65% of generation is reached (nearly double the 5% from 2030), with the 

advanced inverters ensuring this increase does not compromise stability. The 

technical community takes note of this success as a proof that even ~10% DER 

penetration is manageable with proper technology. 

o Policy: Achievement announcement and next goal Policymakers publicly 

announce the success of the full compliance phase. The announcement highlights 

that the region’s DER fleet is now fully smart and providing essential grid support 

services, enabling the achievement of the ~9.65% solar generation mark. 

Alongside celebrating this milestone, regulators update long-term plans: the 

roadmap’s final phase (toward 15% by 2041) is now activated. This means setting 

new targets for DER growth, introducing policies to encourage even more 

solar/storage deployment, and preparing for the next generation of technological 

innovations (e.g., preliminary discussion of future standards beyond 1547-2018 or 

emerging concepts like transactive energy). 

2034-2036 - Grid Optimization & DER Scaling Phase 

• Q1 2034: 
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o Technology: Post-implementation performance assessment Engineers begin a 

thorough assessment of DER operational performance now that IEEE 1547-2018 

is fully in effect. This involves analyzing data from the past year to identify how 

well-advanced inverters are performing: Are they providing the expected reactive 

power during peak times? How effective were they in recent disturbances? The 

assessment may pinpoint opportunities to further optimize inverter settings or 

suggest where additional automation could help. Essentially, this is a “state of the 

tech” review to guide the next optimizations. 

o Policy: Encouraging remaining legacy upgrades Although full compliance was 

achieved for required systems, some very small or technically exempt legacy 

DER might remain. Policies are put in place to encourage any remaining legacy 

DER owners to upgrade where feasible. For example, a limited-time incentive 

might be offered for residential systems installed before 2020 to swap in smart 

inverters, even if not mandated. The aim is to sweep up any stragglers voluntarily, 

so the entire ecosystem benefits. Additionally, regulators may start considering 

if/when to adopt the next update of IEEE 1547 (if a new version has been 

released), keeping the policy framework forward-looking. 

• Q2 2034: 

o Technology: Launch of locational support pilots Utilities and regulators 

introduce locational DER compensation pilots. On the tech side, this means 

implementing pilot programs in which DER in certain constrained areas are 

equipped to provide targeted support (like a battery on a weak feeder that can 

absorb excess solar). These pilots will test the technical capability of DER to 

alleviate specific local issues when given the right price signals. The utility sets 

up measurement and control to verify that when a DER responds (e.g., provides 

VAR support when voltage is low in that area), the local grid condition improves. 

o Policy: Locational incentive design To enable the above, the policy layer designs 

special tariffs or incentives for DER in specific locations. For example, a pilot 

tariff might pay an extra premium per kVar for reactive power support in a 

designated “voltage hotspot” region or offer a capacity payment for batteries 

located where they can defer infrastructure upgrades. Regulators approve these 

pilot tariffs and recruit participants. This quarter’s major decision point is the 

creation of a framework to pay DER owners for where and how they provide grid 

benefits, moving beyond one-size-fits-all net metering into tailored compensation. 

• Q3 2034: 

o Technology: Ongoing legacy improvements The utilities continue to implement 

any remaining feasible upgrades to legacy systems. By now these are minor, but 

for instance, a small municipal solar farm that was offline gets a new smart 

inverter, or an older battery system is retrofitted with updated controls. 

Technically, the effect is marginal since most big players are upgraded, but it 
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ensures no pockets of potential issues remain. Additionally, data from early 

locational pilot operations are collected to see if DER responses are as predicted. 

o Policy: Pilot monitoring and mid-course check Regulators closely monitor the 

locational compensation pilots launched in Q2. They collect data on participation 

rates and grid effects. Mid-pilot workshops may be held with participants to 

gather feedback (e.g., “Is the incentive enough to drive the desired behavior? Any 

barriers to responding to signals?”). This informs any adjustments to make in the 

pilot design. Also, this quarter might feature initial discussions about scaling these 

pilots if successful, thinking ahead to after 2035. 

• Q4 2034: 

o Technology: Year-end data analysis and optimization proposals Utility 

engineers compile the year’s findings - from the DER performance assessment, 

locational pilot results, and any lingering retrofit outcomes - into a set of 

optimization proposals. These could include recommended changes like adjusting 

default inverter settings on new installations (perhaps making them slightly more 

aggressive in voltage support based on data) or deploying additional sensors in 

certain areas to improve DER visibility. Essentially, the groundwork is laid for 

implementing these optimizations in 2035. 

o Policy: Review of pilot outcomes and planning Policymakers review the initial 

outcomes of the locational compensation pilots and overall, DER performance in 

the post-compliance era. If pilots showed strong positive results, regulators might 

plan to extend or expand them. If results were lukewarm, they might revise 

incentive levels or program design. Additionally, the PSC and other agencies 

update their strategic plans to incorporate these new tools (for example, 

integrating locational incentives into their distribution planning process if 

validated). The stage is set to move from pilot to broader application of these 

concepts in subsequent years. 

• Q1 2035: 

o Technology: Extreme testing conditions Efforts begin to evaluate advanced 

inverter behavior under extreme grid conditions. This includes stress-testing 

inverters for scenarios such as rapid frequency drops, voltage surges, or harmonic 

distortion. Some tests might coincide with actual events (like leveraging a planned 

outage or a recorded transient to gather data). The goal is to ensure that under 

even the most challenging conditions (e.g., a cascading outage or severe weather 

event), advanced inverters contribute positively and don’t trip offline in unison. 

Technically, any weaknesses discovered (say, in inverter ride-through settings for 

certain fault conditions) will be documented for mitigation. 

o Policy: Grid reliability standards update The reliability regulatory bodies, 

taking cue from these tests, consider updating grid codes or reliability standards to 

explicitly incorporate DER behavior. For example, if tests show inverters can 
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support certain faults, standards might be updated to require that performance 

(making it an expected part of contingency planning). Conversely, if a 

vulnerability is found, policy might mandate a fix (like requiring an update to 

inverter firmware by manufacturers). This quarter sees initial proposals in 

standards committees to integrate the findings from extreme-condition evaluations 

into formal rules and planning criteria. 

• Q2 2035: 

o Technology: Advanced grid support services rollout Utilities launch full 

programs for advanced grid support services using DER. Having validated the 

concepts in pilots, now services like Volt/VAR optimization and primary 

frequency response provided by aggregated DER are put into routine operation. 

For instance, an automated Volt/VAR control scheme might be enabled across an 

entire district, where hundreds of inverters adjust reactive power in unison to 

optimize voltage profiles continuously. Similarly, many battery inverters might be 

coordinated to inject power within seconds if frequency deviates, acting like a 

collective fast frequency response unit. This marks a shift from testing to 

operationalization for DER-based services. 

o Policy: Program authorization and standards Regulators endorse these 

advanced service programs by formalizing them into tariffs or grid operation 

policies. For example, a Volt/VAR support tariff could compensate DER owners 

for allowing the utility to control their inverters’ reactive output within certain 

ranges. Additionally, performance standards are set so that DER providing these 

services meet reliability expectations (perhaps a certain response speed or 

availability requirement). The policy framework this quarter ensures that both 

utilities and DER participants have clear rules for providing and paying for these 

grid support functions. 

• Q3 2035: 

o Technology: Dynamic system visibility tools Building on the earlier 

enhancements, hosting capacity maps are now upgraded with real-time visibility 

features. This means the maps not only show static capacity info but live data, 

such as current output of DER per feeder, voltage profiles, and headroom for 

additional DER in real time. Achieving this requires integration between the 

DERMS and public-facing or planning tools. The tech outcome is a highly 

transparent system where both utility engineers and developers can see near-live 

conditions of the distribution grid, greatly aiding in planning and operations. 

o Policy: Transparency and data access policy To accompany these new tools, 

regulators implement policies on data sharing and privacy. They determine what 

level of real-time data can be shared with which stakeholders (ensuring customer 

privacy is protected, for example by aggregating data). They may require utilities 

to update these maps on a specified interval if true real-time is not feasible for 
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public use (e.g., every 15 minutes). The policy ensures that the value of the real-

time data is harnessed (by informing developers where DER can be added or 

where services are needed) without compromising security or privacy. 

• Q4 2035: 

o Technology: Performance review of new services After a few quarters of 

advanced services and improved visibility, the utility performs a comprehensive 

review. This includes measuring improvements: voltage deviations reduced by 

X%, fewer reactive power issues, faster frequency recovery times during events, 

etc. The review might also assess the user experience of real-time maps and 

identify any necessary improvements or user training. On the tech side, this 

feedback will shape any software or algorithm updates in the DERMS or 

visualization tools for 2036. Overall, the grid is showing measurable benefits 

from DER contributions at this stage. 

o Policy: Policy fine-tuning Regulators use the performance data to refine policies 

if needed. For instance, if the compensation for Volt/VAR support is too low to 

encourage wide participation, they might adjust the rate. Or if the data shows 

certain feeders consistently needing more support, they might direct utility 

planning funds there or boost incentives for DER in those areas. Essentially, this 

quarter ensures the policies remain effective and fair given the results. By year’s 

end, the regulatory and technical mechanisms for DER support are largely 

matured, setting a foundation for even deeper integration into markets. 

• Q1 2036: 

o Technology: Adaptive standards implementation The continuous feedback 

from the field now feeds into the standards loop. Technologists work with 

standards organizations to suggest fine-tuning of interconnection standards based 

on field data. For example, if field data suggests a certain inverter setting could be 

better defaulted to a new value, or a certain test in certification was not predictive 

of field success, those recommendations are developed. This quarter likely sees 

technical committees (including utility and industry experts) drafting revisions or 

addendums to IEEE 1547 or local standards to reflect real-world insights. 

o Policy: Regulatory revision of codes In parallel, regulators update the 

interconnection regulations to incorporate the above improvements. They open 

dockets to revise standards or adopt new versions. Since this is a fine-tuning 

rather than wholesale change, it might be done through technical standards 

reference updates (e.g., requiring firmware updates to meet a revised IEEE 1547.1 

testing procedure). The outcome is a more refined regulatory standard that all new 

inverters will follow, keeping the rules state-of-the-art. Importantly, stakeholders 

are consulted to ensure changes are feasible and beneficial. 
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• Q2 2036: 

o Technology: Integration of emerging DER tech The industry begins focusing on 

emerging technologies like hybrid DER systems and vehicle-to-grid (V2G) 

capabilities, ensuring they too can meet grid support needs. Technically, pilot 

projects or lab tests verify that these new resources (for example, an electric 

vehicle feeding power back to the grid, or a solar+storage+EV integrated system) 

can comply with voltage/frequency support requirements. Inverters for these 

systems might need new certification tests or software tweaks. By the end of Q2, 

initial certification criteria for these technologies are drafted and a few pilot V2G 

systems are demonstrating compliance under controlled conditions. 

o Policy: Standards extension and inclusion Certification and interconnection 

standards are extended to cover V2G and other emerging DER Regulators, 

perhaps following national IEEE updates or creating local guidelines, formally 

include these technologies in the fold. For instance, a policy might be established 

that electric vehicle charging infrastructure enabling V2G must adhere to 

analogous inverter standards (ensuring an EV returning power doesn’t destabilize 

the grid). Also, interconnection procedures are updated to define how these novel 

systems get approval. The policy outcome is a proactive inclusion of new tech, 

avoiding future gaps in DER integration. 

• Q3 2036: 

o Technology: Coordinated market integration trials Building on the ancillary 

services work, a more sophisticated trial is initiated to integrate DER into energy 

and ancillary markets in a coordinated way. Technologically, this could involve a 

dedicated DER aggregation platform bidding into the regional transmission 

operator’s market or a utility-run local flexibility market. Multiple DER types 

(solar, storage, EVs) coordinate as a single resource to provide, say, spinning 

reserve or peak shaving on demand. The tech systems (DERMS, market 

platforms, aggregators’ software) are all linked for the first time in this trial. The 

goal is to prove DER can reliably participate in markets at scale. 

o Policy: Market rule implementation for DER In tandem, market rules are 

finalized to allow aggregated DER full participation in the electricity markets. 

Regulators and market operators establish the frameworks: e.g., defining a “DER 

aggregator” as a market participant category, setting size thresholds, metering and 

telemetry requirements for market participation, and creating settlement rules for 

aggregated resources. These rules might initially apply in a pilot or sandbox 

market environment. By end of Q3, the regulatory pieces are in place for DER to 

operate not just as grid support tools, but as economic market players. 

• Q4 2036: 

o Technology: System optimization with AI With DER now touching both 

operational support and markets, the complexity of coordination is high. Utilities 
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and aggregators deploy advanced control algorithms, including AI-driven 

optimization, to manage dispatch of countless DER in real time. The focus is on 

optimizing system-level dispatch - for example, ensuring that when many behind-

the-meter storages respond to a market signal, they do so in a way that also 

balances the local grid constraints. AI helps predict and avoid conflicts (such as 

too many batteries discharging causing a voltage rise) and optimally divides tasks 

among DER. This results in a near-invisible orchestration where the grid sees a 

smooth aggregated response. 

o Policy: Evaluation of market integration outcomes At the end of 2036, 

regulators evaluate the coordinated market integration trials. They examine 

metrics like reliability of DER delivery in markets, any market power issues, and 

effects on prices. If successful, plans are made to scale up DER market integration 

from trial to normal operations. Policymakers also look at consumer impacts 

(ensuring participants are benefiting and non-participants are not adversely 

affected). The likely decision is to move forward with broader DER market access 

in the coming phase, potentially making the pilot market rules permanent. 

2037-2040 - DER Market Maturity & Grid Resilience Phase 

• Q1 2037: 

o Technology: Continued DER deployment and integration DER installations 

(especially solar and storage) continue at a steady pace, boosted by falling costs 

and the now supportive framework. Early in 2037, solar generation share is 

edging upward significantly. The technical systems handle this growth with no 

issue - the DERMS automatically assimilates new DER devices and the network 

of smart inverters maintains stable operation. This quarter might witness a 

milestone where instantaneous DER output hits a new peak (a sign of progress 

toward the yearly goal). 

o Policy: Activation of storage incentive programs Recognizing the importance 

of storage in reaching higher penetrations, storage incentive programs are 

activated this year. Q1 likely sees the rollout of these incentives: for example, 

rebates for home or commercial battery installations, grants for community 

storage projects, or favorable tax credits. The policy is aimed at increasing energy 

storage to help buffer solar output and provide resilience. These incentives 

complement the high DER penetration by ensuring a portion of it is controllable 

(batteries) and available for grid support even when solar isn’t generating. 

• Q2 2037: 

o Technology: 12% DER generation milestone (in sight) By mid-2037, the region 

is on track to achieve roughly 12% of generation from solar/DER (surpassing the 

earlier 9.65% milestone). Technically, this means daytime solar output at times 

provides over a tenth of electricity, a new high that tests the robustness of prior 

investments. The advanced inverters and control systems prove their worth, as the 
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grid still operates smoothly at this penetration. Grid operators start to see DER as 

an indispensable part of the generation mix rather than a fringe component. 

o Policy: Resilience pilot planning Building on storage growth, authorities plan 

DER resilience pilot programs focusing on critical infrastructure. This quarter, 

planning begins for projects where microgrids or clusters of DER can maintain 

power to essential services (like hospitals or emergency shelters) during outages. 

Policymakers identify pilot sites and allocate funding or resources. They also 

develop regulatory provisions to allow microgrids to island for these tests 

(overcoming any existing legal barriers to islanding). By end of Q2, several pilot 

proposals (e.g., a neighborhood battery + PV that can isolate with a school as a 

shelter) are approved and moving to execution. 

• Q3 2037: 

o Technology: Launch of DER resilience pilots The planned pilots kick off, 

deploying DER in configurations meant to enhance resilience. For example, a 

pilot might enable a community solar + storage microgrid to operate 

independently if the main grid fails, using smart inverters’ grid-forming 

capabilities. Another pilot might test a black start scenario where a battery and 

inverter system can restart a section of the grid from outage without a traditional 

power plant. Technically, these pilots leverage advanced inverter features like 

grid-forming modes, which may have been dormant until now. The expected 

outcomes include demonstrating that DER can keep critical loads powered during 

emergencies and provide faster recovery. 

o Policy: Emergency protocol integration In concert with the tech pilots, 

contingency planning standards are updated to incorporate DER. Emergency grid 

operation protocols now assume DER and microgrids will play a role in 

restoration. For instance, a new policy might allow a certified community 

microgrid to self-activate in an emergency without waiting for grid reconnection 

clearance (something previously disallowed). There may also be formal 

agreements between utilities and community energy groups for how they’ll 

cooperate in crises. This quarter sees rules and MOUs put in place so that the 

resilience pilots operate within a supportive regulatory framework. 

• Q4 2037: 

o Technology: Pilot performance assessment (resilience) By year’s end, some 

resilience pilot tests may have occurred (or simulations if no real outages 

happened). Technically, the results are analyzed. Did the microgrid island 

seamlessly? Could the DER support the black start as intended? Any unexpected 

inverter behavior? Generally, the pilots are expected to show positive results, 

thanks to years of prep, but any lessons (e.g., needing more dynamic load 

shedding or improved communication during islanding) are noted for future 
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scaling. On the broader scale, operating at ~12% DER for an extended period 

provides rich data that confirms the grid’s stability at this level. 

o Policy: Planning adjustments and new targets Using insights from reaching 

~12% penetration and the resilience experiments, policymakers update long-term 

plans. They ensure that resource planning accounts for the contributions of DER 

to capacity and resilience (e.g., perhaps counting some microgrids as emergency 

capacity in official planning). Also, seeing the success, they may set interim 

targets beyond 15% or initiate discussions on future policy needs (like grid-

forming inverter standards, or higher DER targets for 2050). The regulatory 

stance is that DER integration is succeeding, so support will continue, and more 

ambition is possible. 

• Q1 2038: 

o Technology: Operational protocol updates Utilities begin implementing updated 

operational protocols that fully incorporate DER-provided services. This means 

control room staff and grid operating procedures now treat DER as integral: for 

instance, operational plans for the day will include expected contributions from 

solar and storage, and dispatchers will use DERMS recommendations alongside 

traditional SCADA. Practically, it could involve new training for operators to 

manage a grid with many controllable DERS and running the grid with the 

assumption that DER will handle certain tasks (like local voltage management) 

without needing manual intervention. 

o Policy: Formalizing DER operations Regulators may formalize these practices 

by updating grid operation guidelines or performance standards for the utility. For 

example, a policy might require the utility to demonstrate annually how it is 

leveraging DER to improve reliability or require reporting on the number of times 

DER averted an outage or power quality issue. Essentially, it’s about moving DER 

support from pilot status to an expected norm and having oversight on its use. 

Also, any necessary reliability standards (from the likes of NERC or regional 

entities) get updated to include DER as an asset class in operations. 

• Q2 2038: 

o Technology: AI-driven DER dispatch A significant tech milestone this quarter is 

the deployment of advanced automation systems, including AI algorithms, to 

optimize DER dispatch and dynamic control. These AI-driven systems process 

vast amounts of data (weather forecasts, load patterns, real-time grid 

measurements) to make intra-hour decisions on how to adjust thousands of 

inverters and storage units. For example, if a cloud is predicted to reduce solar 

output in one area, the AI pre-charges nearby batteries or adjusts other inverters’ 

reactive output in advance. This results in a smoother output and more resilient 

grid response. The outcome is improved efficiency and reliability, as the AI can 
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react faster and in a more coordinated manner than manual operations, truly 

integrating DER via intelligent controls. 

o Policy: Expansion of aggregator programs With technology capable of fine 

control, regulators expand DER aggregator programs and solidify compensation 

structures for them. This quarter, perhaps new or expanded licenses are given to 

aggregator companies to sign up more customers and regions. Compensation 

structures (first piloted in 2029 and refined in 2035) are now entrenched: 

aggregators might be paid via standard contracts for various services (like a set 

$/MW rate for guaranteed capacity, plus performance payments). Policies are also 

adjusted to streamline aggregator participation - for example, simplifying 

interconnection for aggregated resources or clarifying that multiple DER on a 

single feeder can act as one resource for contracting. These changes aim to 

encourage more third-party innovation in providing grid services using customer-

owned assets. 

• Q3 2038: 

o Technology: Automated voltage and frequency control at scale. By this 

quarter, the combination of DERMS, AI dispatch, and widespread compliant 

inverters means the grid operates with a high degree of automation. Voltage 

violations and frequency deviations are increasingly rare because the system 

corrects them in real time across thousands of devices. The technical teams 

continue to refine these algorithms, possibly integrating self-learning capabilities 

where the AI improves its own models of the grid. The grid is inching closer to a 

self-optimizing state, where operator interventions are only needed for high-level 

supervision or in truly novel situations. 

o Policy: Finalize compensation reforms The compensation and market reforms 

for DER services reach a mature state. By Q3, regulators implement any 

remaining adjustments: perhaps introducing new time-of-use rates that pair with 

DER dispatch (ensuring customers are incentivized to be available when needed) 

or refining how capacity value of DER is calculated in resource planning. 

Additionally, consumer protection policies are updated if needed (ensuring 

customers in aggregator programs are treated fairly). The net effect is a stable 

marketplace for DER services, where roles, rewards, and responsibilities are 

clearly defined. 

• Q4 2038: 

o Technology: Demonstration of a self-balancing grid A notable demonstration 

might be held to showcase the “smart grid” capabilities achieved. For example, a 

day is chosen to deliberately stress the grid (perhaps by scheduling maintenance 

on a power plant on a very sunny day) and letting the orchestrated DER and AI 

controls handle the balancing. The result, ideally, is that even under less-than-

ideal conditions, the grid frequency and voltage remain rock solid, thanks to 
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countless micro-adjustments by inverters and storage responding to AI signals. 

This instills confidence that reaching 15% DER will be manageable. Technically, 

it’s proof of concept of an autonomously balancing distribution network. 

o Policy: Knowledge dissemination The successes and lessons of this phase are 

shared broadly. Regulators and industry host a major conference or publish papers 

on the DER integration journey. Best practices are codified into guidelines that 

could influence national or international standards. Policymakers also start 

discussing long-term maintenance of these systems: ensuring utilities have plans 

to keep DERMS and communications infrastructure up-to-date and cyber-secure, 

for instance. By end of 2038, the jurisdiction positions itself as a leader in DER 

integration, providing a model for others. 

• Q1 2039: 

o Technology: Integrated contingency planning. The focus shifts to formalizing 

how DER will be used in worst-case scenarios. Technologically, the utility 

integrates DER and storage into its contingency analysis tools and grid restoration 

plans. This means when they simulate major outages or disasters, they now 

include support from DER - such as certain batteries designated to provide black 

start support to certain substations. Tools are updated so that if a part of the grid 

goes down, the control systems automatically try to form islands using available 

DER (if feasible) to keep critical loads alive. This quarter sees initial tests of these 

updated plans, making sure the tech can execute them if needed. 

o Policy: Resilience standards development New contingency planning and 

resilience standards are drafted that explicitly call for DER contributions. 

Regulators, possibly with emergency management agencies, create requirements 

for utilities to have DER-based backup plans. For example, a standard might 

require that a certain percentage of critical facilities have a DER-backed 

microgrid by 2040, or that utilities can demonstrate the ability to supply X MW of 

critical load via DER in case of an emergency. These standards are likely 

influenced by the resilience pilots from 2037 and will be refined through 2039’s 

work. 

• Q2 2039: 

o Technology: System-wide load shifting optimization With many batteries now 

in the system (thanks to years of incentives) and AI dispatch in place, the utility 

undertakes a major initiative to optimize system-level load shifting using behind-

the-meter (BTM) storage. Essentially, all those home and commercial batteries are 

orchestrated to charge and discharge in a way that flattens the net load curve. By 

Q2, on many days peak demand is significantly reduced because BTM storage 

discharges during the early evening peak, then recharges overnight or midday 

depending on solar patterns. The technical result is peak shaving on a scale that 

was previously done by peaker plants - now done by aggregated small resources. 
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o Policy: Demand response integration Regulators update demand response 

programs and/or capacity planning to reflect this new capability. If not already, 

aggregated storage is now formally recognized in capacity credit calculations 

(meaning utilities can count BTM storage as part of their resource adequacy). 

Tariffs for storage may be updated to ensure customers have the right price signals 

to charge off-peak and discharge at peak (essentially time-of-use rates perfectly 

aligned with grid needs). Additionally, policies might cap how much the utility 

can control private devices vs. customer override rights, balancing optimization 

with customer choice. 

• Q3 2039: 

o Technology: Continuous improvement via knowledge sharing This quarter, the 

technical community participates in or leads technical forums to share lessons 

learned. Topics include the successes in AI dispatch, DER market integration, 

resilience use cases, etc., and also the challenges (maybe interoperability issues or 

cybersecurity incidents, if any, and how they were solved). This open exchange 

(likely in conferences or workshops) spurs further innovation and ensures that by 

the final year of the roadmap, all improvements are identified. On the grid itself, 

this knowledge is immediately applied - e.g., if one utility found a better way to 

secure inverter communications, the others adopt it. 

o Policy: Stakeholder coordination and education Regulators host or support 

these forums as well, emphasizing improved coordination among stakeholders. 

They might establish a permanent DER advisory council to continue cross-

industry dialogue beyond the roadmap’s end. Also, customer education might 

ramp up here - as DER penetration grows, ensuring the public understands the 

benefits and how to participate (like using smart chargers or enrolling in 

programs) becomes a policy focus. By facilitating broad coordination, the policy 

side ensures all parties are aligned to push the final stretch to 15% smoothly. 

• Q4 2039: 

o Technology: Full-scale resilience drill A comprehensive resilience drill is 

executed involving DER, traditional grid assets, and emergency systems. This 

could simulate a widespread outage scenario where DER and microgrids are 

called to maintain critical services for several days. The drill tests communication 

protocols between the main grid and islanded microgrids, transitions between 

grid-connected and islanded states, and multi-day operations of DER as sole 

providers. The outcome offers confidence (or final tweaks) in contingency plans. 

Technically, any remaining integration issues (like black-start sequencing or load 

prioritization in islands) are ironed out as a result. 

o Policy: Finalize contingency standards Using the drill results, contingency 

planning standards incorporating DERs and storage are finalized (if not already) 

and adopted. Utilities update their official emergency operations plans to comply. 
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Regulators may set requirements like annual drills or a minimum microgrid 

capacity that must be maintained. Essentially, by end of 2039, DER’s role in 

resilience is codified in policy - it’s an expected part of how the grid will recover 

from disruptions, not just a nice-to-have. 

• Q1 2040: 

o Technology: Final expansion push planning Technologically, the focus is on 

identifying any remaining capacity constraints or technical limitations that could 

hinder reaching the 15% goal by next year. Engineers run studies to see if any 

areas of the grid would struggle with additional DER and come up with mitigation 

plans (such as minor feeder reconductoring, adding another substation 

transformer, or deploying even more granular voltage controls). These plans are 

readied so they can be executed in time. 

o Policy: Final ramp-up strategy development Policymakers and planners prepare 

the final ramp-up strategy to achieve the 15% solar target by 2041. This 

comprehensive strategy likely includes forecasts of how much more DER 

capacity is needed, identification of any policy gaps to fill (e.g., perhaps adding 

an energy storage mandate or community solar expansion to hit the target), and 

coordination with larger regional markets or federal programs. By the end of Q1, 

a public strategy document is released, outlining the steps for the next 4-6 quarters 

to cross the finish line. This serves as both a blueprint and a commitment device, 

aligning all stakeholders on the final tasks. 

• Q2 2040: 

o Technology: Grid capacity verification Utilities double-check that the grid can 

indeed handle the anticipated 15% DER scenario. They revisit hosting capacity 

analysis with the new tools and ensure any needed upgrades identified in Q1 are 

either completed or scheduled. If any last-minute technological enhancements 

(like additional automation or a new software update to the DERMS) are needed, 

they are implemented now. Essentially, this is a verification that from a technical 

standpoint, nothing blocks achieving and sustaining 15% penetration. 

o Policy: Regulatory impact evaluation. Regulators conduct a thorough evaluation 

of the regulatory impacts of DER integration so far and identify any tariff or rule 

updates needed for the final stretch. This retrospective-prospective analysis looks 

at what policies worked best (e.g., which incentives yielded the most deployment 

or which standards ensured reliability) and ensures those remain or are enhanced. 

It also catches any outdated rules that should be removed before 2041 (for 

instance, perhaps an old cap on net metering that is no longer relevant). The 

outcome is a set of recommended adjustments to tariffs and regulations, which 

will be implemented by Q3/Q4 to smooth the path to 15%. 
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• Q3 2040: 

o Technology: Operational fine-tuning for high DER With 15% in sight, 

technical teams simulate conditions at or slightly beyond 15% DER to fine-tune 

operations. They might test scenarios like a sudden cloud cover over a majority of 

solar or a large DER tripping offline, ensuring control systems handle these 

seamlessly. Any necessary tweaks to inverter default responses or DERMS 

algorithms are deployed so that, when the actual 15% comes, it’s already 

“practiced” in the simulations. This proactive fine-tuning helps guarantee that 

hitting the target won’t cause any surprises in grid performance. 

o Policy: Tariff and policy updates implemented Based on the Q2 evaluation, 

tariffs are updated and any remaining regulatory barriers are removed or revised. 

For example, if time-of-use rates need adjusting to better shift demand with all the 

new DER, those new rates take effect now. If interconnection fees or processes 

can be streamlined further for the last wave of deployments, those changes are 

instituted. By end of Q3, the policy environment is fully optimized to encourage 

every bit of DER growth needed and to ensure once 15% is reached, customers 

and the grid continue to operate harmoniously (with fair compensation and stable 

operation). This is essentially a “policy tune-up” at the end of the marathon. 

• Q4 2040: 

o Technology: Best practices formalized and future outlook The culmination of 

years of experience is captured as a set of best practices on advanced inverter 

implementation and recommendations for future grid codes. Technical 

experts, in collaboration with regulators, produce manuals or reports detailing key 

learnings - e.g., optimal default inverter settings, effective communication 

architectures, AI control strategies, cybersecurity protocols - that ensured success. 

They also forecast what might be needed beyond 15% (perhaps exploring 20% or 

more, or integration of even more advanced inverters or nanogrids). This 

knowledge base will guide not only the local jurisdiction post-2041 but also 

inform national and international standards bodies. 

o Policy: Publication of roadmap outcomes and next steps Regulators officially 

publish the final best practices and lessons learned from the IEEE 1547-2018 

implementation journey. This publication acts as the final report of the 2024-2040 

roadmap, highlighting how technology and policy layers worked together to 

achieve the goals. It likely also includes policy recommendations for the next 

decade (e.g., suggestions to update to the next generation of inverter standards, or 

to raise DER penetration targets further). By closing 2040 with this document, the 

roadmap’s efforts are consolidated, and a bridge is built from this program to 

whatever successor initiatives will continue the evolution of the grid. 
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2041 - Goal Attainment and Transition 

• Q1 2041: 

o Technology: Final deployment push underway The last set of DER projects 

needed to reach the 15% target are under construction or commissioning. 

Technicians are busy connecting remaining community solar installations, 

finalizing battery projects, or integrating more V2G-capable EV charging sites. 

The DERMS and grid infrastructure are fully prepared to absorb these new 

additions. Any minor network upgrades identified previously (if not done) are 

expedited now, such as upgrading a transformer or adding a new feeder line to 

accommodate a large late-stage solar farm. Technically, the system is being 

“topped off” with DER, ensuring capacity is in place to hit the goal. 

o Policy: Last-mile incentive round Policymakers may launch a final round of 

incentives or simplified processes to encourage every possible DER deployment 

this quarter. For instance, a limited-time bonus rebate for solar installations that 

come online by mid-2041, or a streamlined permitting blitz where authorities 

guarantee super-quick turnaround for any remaining interconnection applications. 

The idea is to leave no stone unturned - if there are projects on the fence or facing 

bureaucratic delays, this policy push knocks those barriers down so they can 

contribute to the 15% goal in time. 

• Q2 2041: 

o Technology: Progress monitoring and quality control As the target approaches, 

continuous monitoring ensures that all new DER are performing as expected. This 

includes verifying that newly connected systems are indeed using their advanced 

functions (since a surge of last-minute installations shouldn’t lead to any 

compliance lapse). Grid operators watch the generation share and possibly see 

some days where solar temporarily hits or exceeds 15% of load in certain 

intervals. The technical teams remain vigilant, but operations continue to be 

stable, indicating readiness for full-time achievement of the goal. 

o Policy: Public progress update and stakeholder briefing Regulators hold a 

public meeting or issue a mid-year report stating that the jurisdiction is on track to 

meet the 15% DER generation goal by year’s end. This transparency keeps 

stakeholders informed and maintains momentum. In these briefings, they might 

also discuss what achieving the goal means (e.g., emissions reduction, improved 

reliability metrics) to emphasize the benefits. They ensure that all regulatory 

agencies (energy, environmental, etc.) and stakeholders like utilities, aggregators, 

and community groups are aligned and prepared for the formal achievement 

announcement expected next quarter. It’s also an opportunity to address any final 

concerns (for example, if any stakeholder is worried about post-2041 policies, 

those discussions begin now). 
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• Q3 2041: 

o Technology: Target essentially met (internally) By this quarter, effectively the 

15% target is being met on a rolling basis. Many days will have the DER 

generation averaging around or above 15% of total energy. Any remaining 

projects due by Q4 are likely small or finishing touches. The grid has been 

operating with this level of DER and all indicators (voltage profiles, reliability 

indices, etc.) remain positive. Technically, the achievement is already in practice; 

what remains is just the formal confirmation with annualized data. Engineers now 

turn some attention to the future: planning how to maintain and possibly exceed 

this level in a sustained way, including initiating research on next-gen 

technologies or higher penetration studies. 

o Policy: Post-2041 roadmap development With the goal basically achieved, 

policymakers start drafting the next roadmap or set of targets. They consider 

questions like: Do we aim for 20% DER by 2045? How do we integrate other 

emerging technologies (maybe hydrogen or advanced demand response)? They 

gather stakeholder input for this new vision. Additionally, they ensure that the 

regulatory frameworks built up to now will continue smoothly beyond 2041 even 

without the driving target - for instance, ensuring incentive programs either sunset 

gracefully or evolve into new programs, and that compliance and reporting 

structures remain to maintain the successes. This forward-looking effort ensures 

no cliff-edge at Q4 2041, but rather a transition to a new phase of grid innovation. 

• Q4 2041 (Dec 2041): 

o Technology: 15% generation goal achieved and sustained The 15% solar 

generation target is officially achieved - data for the year confirms that at least 

15% of the region’s electricity came from solar and other DER, meeting the goal 

on schedule. Throughout this quarter, DERs operate as a fully normalized part of 

grid operations, often unseen by customers because power quality and reliability 

are as good as or better than ever. Advanced inverters routinely handle grid 

support: voltage control in every neighborhood, frequency support during any 

generator trips, and even forming microgrids during rare outages. The technical 

accomplishment is that the grid has been transformed into a flexible, resilient 

platform where DER play a critical role in stability. 

o Policy: Celebration and new horizon Regulators and government leaders 

formally announce and celebrate the achievement of the 15% DER goal. They 

acknowledge the collaborative efforts across technology and policy that made it 

possible, highlighting improvements like reduced carbon emissions, increased 

grid resilience, and active customer participation in energy generation. Alongside 

celebration, they release the new roadmap or policy framework that will guide the 

next era (whether it’s higher DER targets or integrating even more advanced 

tech). In essence, while this quarter marks the successful completion of the 

FY2024-FY2041 Advanced Inverter Roadmap, it simultaneously marks the 
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commencement of the next chapter of grid modernization, built on the strong 

foundation of technology integration and policy innovation achieved over the past 

17 years. 

• Layering Technology and Policy by Quarter Toward 15% Solar by 2041 

• Layering Framework 

Technology Layer (Blue) 

Policy Layer (Green) 

 

 

Figure 2 Advanced Inverter and High-DER Integration Roadmap: IEEE 1547-2018 

Implementation 

 

Key Actors 

• Regulators & PUCs: Mandate inverter standards, approve tariffs, oversee cost allocation 

reforms. 

• Utilities & ISOs: Implement modeling tools, coordinate grid services, and manage 

DERMS platforms. 

• OEMs & Developers: Align product features with grid codes, ensure model accuracy, 

and cybersecurity compliance. 
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• DOE & Labs: Fund R&D and convene multi-stakeholder engagement (e.g., through 

i2X). 

• Educators: Train next-gen interconnection and controls engineers. 

 

9. District DER Roadmap Enabled by Advanced Inverter 

Technologies (IEEE 1547-2018) for Grid Reliability, Cost 

Containment, and Resilience  

Provides a strategic roadmap for integrating advanced inverter technologies aligned with IEEE 

1547-2018 to support increasing DER penetration while strengthening grid reliability, resilience, 

operational flexibility, and cost containment in the District of Columbia. 

9.1 Sector-Structured: Residential (RES), Commercial (C&I), and Industrial 

(IND) 

2024-2025 Foundation & Rulemaking 

Goal: lock standards, design pilots, and prep industry for IEEE 1547-2018 implementation. 

Q4 2024 

• RES - Tech: Gap analysis on default settings (Volt/VAR curves, ride-through), installer 

training needs, and commissioning checklists. 

Policy: Consumer-friendly brief on “what changes for homeowners,” add advanced-

inverter check to Level 1 net-metering forms. 

• C&I - Tech: Identify feeder “priority zones” (high rooftop PV/storage potential) for 2025 

pilots; define telemetry options (IEEE 2030.5/SunSpec). 

Policy: Draft tariff notes to avoid penalizing VAR support; pre-file standby reform topics. 

• IND - Tech: Map large customers with onsite gen/storage; assess power-quality 

constraints (flicker, harmonics) and ride-through expectations. 

Policy: Create an “Industrial Interconnection Fast-Track” concept for upgrades that are 

settings-only/firmware-only. 

Q1 2025 

• RES - Tech: Draft residential settings profiles by inverter class; inventory legacy fleets by 

install year. 

Policy: L1/L2 interconnection forms updated to request 1547 certification IDs. 

• C&I - Tech: Draft pilot test plans (voltage support, export limiting, UL 1741 SB). 

Policy: Internal alignment on standby revisions; prepare data-privacy guardrails for 

telemetry. 
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• IND - Tech: Draft on-prem microgrid/UPS coordination tests (ride-through vs process 

trips). 

Policy: Align with safety codes for intentional islanding tests on private systems. 

Q2 2025 

• RES - Tech: Design neighborhood pilots (rooftop PV + battery) to validate default 

settings vs local feeders. 

Policy: Add rebate adder for “early activation” of advanced functions in pilots. 

• C&I - Tech: Submit microgrid/VPP pilot proposals (target critical facilities, campuses, 

multi-tenant commercial). 

Policy: Link PSC microgrid funds to 1547 functionality and data-sharing. 

• IND - Tech: Draft industrial pilots (process-friendly ride-through, harmonic constraints, 

soft-start profiles). 

Policy: Template agreements for plant participation during off-hours testing. 

 

Q3-Q4 2025 

• RES - Tech: Publish Draft Roadmap; pre-stage inventory of compliant residential SKUs; 

utility portal adds settings fields. 

Policy: Public comment; finalize clarity on liability/remote adjustability. 

• C&I - Tech: Procure equipment for 2026 pilots; pre-commission metering & telemetry. 

Policy: Hold technical conference on standby reforms and VAR crediting. 

• IND - Tech: Validate specs with OEMs for high-fault-duty buses; confirm black-start test 

envelopes. 

Policy: Adopt rule incorporating IEEE 1547-2018 for all new DER (effective 2026). 

Phase KPIs: 

• Draft settings profiles (R/C&I/IND) published; >80% of 2024-25 applications capture 

1547 data; ≥3 pilot designs per sector. 

 

2026 Capacity Building & Early Pilots 

Goal: turn on pilots, train the workforce, and integrate compliance into permitting. 

• RES - Tech: Launch neighborhood pilots; field-verify default curves; onboard 

homeowner apps for settings audit. 

Policy: Final roadmap published; add advanced-inverter checks to inspections; expedited 

permits for pilot ZIPs. 

• C&I - Tech: Commission feeder-level VAR pilots; campus microgrid tests for controlled 

islanding windows. 
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Policy: Voluntary incentives for early activation; M&V protocols for VAR/ride-through 

benefits. 

• IND - Tech: Run process-safe ride-through trials; test PQ improvement (THD, flicker) 

with inverter VAR support. 

Policy: Issue interim guidance for industrial protection coordination (inverter vs relay 

curves). 

 

Phase KPIs: 

• Train ≥150 inspectors/installers/commissioning agents; ≥9 pilots live (≥3/sector); add 

compliance fields to 100% of applications. 

 

2027 Smart Grid Infrastructure Prep 

Goal: ready ADMS/DERMS, comms, and cyber for scale. 

• RES - Tech: AMI + DER telemetry pilots on residential feeders; opt-in controls for export 

limiting & Volt/VAR. 

Policy: Consumer data-privacy rules; default consent language for DER telemetry. 

• C&I - Tech: DERMS pilot on 2-3 commercial circuits; feeder sensors for full visibility. 

Policy: Cost recovery for comms/DERMS; interoperability/cyber guidelines. 

• IND - Tech: Site gateways for plants; define fail-safe modes if comms drop. 

Policy: Procedure updates for industrial telemetry and secure remote updates. 

Phase KPIs: 

• DERMS pilot operating on ≥5 feeder’s total; telemetry uptime ≥99%; cyber tabletop 

completed. 

 

2028-2030 Regulatory Alignment & Universal Compliance for New DER 

Goal: roll out DERMS, expand to priority areas, mandate 1547 for all new interconnections. 

• RES - Tech: All new residential DER (PV/storage/EVSE with export) commissioned with 

1547 defaults; join neighborhood VPP pilots. 

Policy: Mandate in effect (Q1 2029); simple bill credit for verified VAR support. 

• C&I - Tech: Priority-area expansion; refine feeder settings; aggregator pilots for 

voltage/frequency support. 

Policy: New “Grid Support Services” tariff for C&I aggregations; operator qualification 

rules. 
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• IND - Tech: Industrial fleets offer contingency VAR and fast-frequency response within 

plant limits. 

Policy: Market/utility program rules for performance guarantees and telemetry SLAs. 

•  

Phase KPIs: 

• 100% of new DER 1547-compliant (by Q1 2029); dynamic hosting-capacity maps online 

(Q2 2029); ≥50 MW advanced-function DER enrolled in pilots by end-2030. 

 

2031-2033 Retrofit & Full Fleet Compliance 

Goal: upgrade legacy systems; integrate into routine operations. 

• RES - Tech: Bulk residential inverter-swap programs (by model/year); grouped 

commissioning checks. 

Policy: Time-limited incentives; clear homeowner comms; enforcement after deadlines. 

• C&I - Tech: Retrofit mid-size rooftops and community solar; immediate DERMS 

enrollment post-retrofit. 

Policy: Performance reporting per site; penalties for persistent non-compliance. 

• IND - Tech: Retrofit large PV/storage; harmonize with facility protection schemes. 

Policy: Staged deadlines by capacity; exemption path for end-of-life systems. 

Phase KPIs: 

• ≥70% DER capacity compliant by end-2031; ≥90% by end-2032; verification order 

issued Q1 2033 confirming system-wide compliance. 

 

2034-2036 Optimization, Locational Signals & Market Integration 

Goal: pay DER for where/when they help most; operationalize advanced services. 

• RES - Tech: Home batteries in locational pilots (voltage hotspots/secondary backfeed 

risks). 

Policy: Geo-targeted adders; simple enrollment via utility app. 

• C&I - Tech: Feeder-wide Volt/VAR optimization; routine frequency response from 

aggregated batteries. 

Policy: Tariffs for Volt/VAR and FFR with availability/response SLAs. 

• IND - Tech: Plant-tied services (peak shaving/VAR support) coordinated with production 

schedules. 

Policy: Market rules for aggregated DER participation; telemetry & settlement standards. 

Phase KPIs: 
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• Feeder voltage deviations ↓ ≥30%; FFR delivery success ≥95%; real-time hosting maps 

public (≤15-min refresh) by 2035. 

 

2037-2040 Market Maturity & Resilience 

Goal: scale to ~12% then 15% DER; bake DER into emergency ops. 

• RES - Tech: Community microgrids with grid-forming inverters at shelters/critical loads. 

Policy: Emergency islanding protocols; streamlined approvals for critical sites. 

• C&I - Tech: Campus microgrids provide black-start assists and ride-through during 

events. 

Policy: Capacity credits for resilience contributions; O&M requirements. 

• IND - Tech: Industrial sites support sectional restoration; pre-arranged islanding 

windows. 

Policy: Contingency standards counting DER toward resilience targets; annual drills. 

Phase KPIs: 

• ≥12% DER generation by 2037; ≥100 MW controllable storage enrolled; annual 

resilience drills involving DER complete. 

 

2041 Goal Attainment & Transition 

• All Sectors - Tech: Final projects commissioned; DERMS/AI dispatch routine; PQ 

indices sustain improvement. 

• All Sectors - Policy: Celebrate 15% target; publish next-gen roadmap (e.g., 20%+, V2G 

scale-up, transactive energy). 

Final KPIs: 

• ≥15% annual generation from DER; SAIFI/SAIDI improved vs 2024 baseline; PQ 

complaints ↓ ≥40%; verified compliance rate ≥99% of active DER. 

 

Sector Playbooks (Quick Reference) 

Residential 

• Default profiles: pre-approved Volt/VAR & ride-through per feeder type. 

• Pilots: neighborhood VPPs, export limiting on secondary networks, resilience at 

schools/shelters. 

• Programs: simple bill credits for VAR, battery rebates, app-based enrollment. 
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• Artifacts: 1-page homeowner explainer, commissioning checklist, remote settings audit  

• script. 

 

Commercial 

• Default profiles: tuned VAR curves by service class; telemetry via 2030.5/SunSpec. 

• Pilots: campus microgrids, feeder-wide Volt/VAR, FFR from batteries. 

• Programs: Grid Support Services tariff; demand charge relief for verified support. 

• Artifacts: campus DER playbook, M&V plan, telemetry & cyber guideline. 

Industrial 

• Default profiles: process-friendly ride-through, harmonics limits, staged reconnection. 

• Pilots: plant microgrid islanding, sectional restoration, black start assists. 

• Programs: performance-based payments with SLAs; fast-track interconnection for 

settings-only upgrades. 

• Artifacts: protection coordination template (inverter vs relays), outage-window test plans, 

cyber hardening checklist. 

 

Program Artifacts DOEE’ll Want Ready 

• Standards & Settings: DC “Default Settings Catalog” (per sector/feeder), 1547/1547.1 

crosswalk. 

• Process: Updated interconnection forms, commissioning/inspection checklists, waiver 

templates. 

• Data: Hosting-capacity (static        dynamic          real-time), DER registry with 

certification IDs, telemetry specs. 

• Governance: Working groups (Settings, Tariffs, Cyber, Resilience), quarterly KPI 

dashboard, annual public report. 

 

Risk Controls (by sector) 

• RES: Customer overrides; lock within safe bands; comms loss: safe default fallback. 

• C&I: Telemetry latency; buffer & event-based control; cost recovery: targeted adders tied 

to verified benefits. 
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• IND: Protection mis-coordination; joint studies; PQ (THD/flicker): limits plus 

monitoring; cyber: site gateways with zero-trust. 

 

9.2 How to Use This? 

• Run sector playbooks alongside the phase timeline. 

• Track Phase KPIs quarterly; publish an annual public scorecard. 

• Keep a living Default Settings Catalog so utilities, installers, and facility managers stay 

aligned. 

 

10. Benefits of Advance inverters such a Grid-Forming Inverters for 

DC's Grid Modernization 

1. Resilient Power Supply for Critical Infrastructure 

• Grid-forming inverters enable microgrids and islanding, allowing essential services 

(e.g., hospitals, government buildings, schools) to remain powered during outages. 

• This supports emergency preparedness and disaster recovery, especially important in 

dense urban areas like DC with aging infrastructure. 

2. Enabling Higher DER Penetration 

• DC has ambitious solar targets (15% local solar generation by 2041). Grid-forming 

inverters help: 

o Manage high solar output without destabilizing voltage/frequency. 

o May help reduce reliance on inertia from traditional generators, in use cases 

where technically justified, by providing synthetic inertia and grid 

synchronization. 

• This enhances the ability to connect more distributed solar + storage systems, subject to 

system-strength, protection-coordination, and thermal-capacity assessment; grid-forming 

inverters do not by themselves eliminate the need for such engineering evaluation. 

3. Support for Urban Decarbonization Goals 

• DC is committed to 100% Tier I Renewable Electricity by 2032 and carbon neutrality by 

2050. 

• Grid-forming inverters help by: 

o Allowing intermittent renewables to operate independently of fossil-fueled 

backup. 
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o Making distributed energy resources (DERs) like rooftop solar and batteries grid-

supportive, not just grid-dependent. 

 4. Stability for Distribution and Sub-Transmission Systems 

• DC’s grid has limited transmission infrastructure and relies heavily on distribution-level 

DER interconnections. 

• Grid-forming inverters: 

o Improve voltage and frequency stability across distribution feeders. 

o Mitigate voltage sags, surges, and unintentional islanding in complex urban 

systems. 

 5. Foundation for Smart Grid and Virtual Power Plants (VPPs) 

• With IEEE 1547-2018 and FERC Order 2222 on the horizon, grid-forming inverters: 

o Allow device-level control, aggregation, and dispatch as VPPs. 

o Make it possible to participate in wholesale markets and provide grid services 

(like frequency response) from the distribution edge. 

6. Equitable Energy Access and Community Empowerment 

• Grid-forming inverters can support communities to own and operate community 

microgrids, particularly in underserved neighborhoods, where technically feasible and 

consistent with applicable ownership, tariff, and regulatory requirements. 

• They can enable peer-to-peer energy trading, community energy sharing, and local grid 

resilience, aligning with DC’s energy justice goals; peer-to-peer trading models remain 

contingent on applicable retail-market rules and DCPSC authorization. 

 

Summary Table 

Table 11 Key Benefits of Advanced DER Integration and Grid Modernization 

Benefit Description 

Resilience Islanding and black start capability for microgrids. 

DER Hosting Stabilizes voltage/frequency for high solar penetration. 

Clean Energy Supports decarbonization without fossil fuel peakers. 

Grid Stability Improves performance at distribution/sub-transmission level. 

Market 

Access 

Enables participation in VPPs and ancillary service markets. 

Equity Supports resilient, community-owned energy systems. 
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11. Overview of the solar energy generation and notable projects by 

ward: District-Wide Solar Energy Overview 

 

• Total Installed Solar Capacity (2023): Approximately 237 megawatts (MW).  

• Certified Solar Energy Systems: Over 13,500 systems, including 367 Community 

Renewable Energy Facilities (CREFs)  

• Electricity Generation: Solar energy accounted for 65% of the District's total electricity 

net generation in 2024  

 

11. 1. Criteria Used to Determine Solar Focus by Ward 

1. Building Stock & Rooftop Suitability 

• Method: Analyzed parcel-level building footprints, roof orientation, slope, and shading 

data (via LIDAR and satellite imagery). 

• Why it matters: Wards with high single-family home density and unobstructed rooftops 

(e.g., Wards 2, 3, 4) are more suitable for private rooftop installations. 

 

2. Population Density & Housing Typology 

• Method: Cross-referenced U.S. Census data, zoning maps, and housing surveys. 

• Why it matters: Wards with more multi-family units, apartment complexes, or renters 

(e.g., Wards 5, 6, 7, 8) benefit more from community solar, since tenants often lack 

direct roof access. 

 

3. Available Land or Large Rooftop Space for Shared Systems 

• Method: Identified large parcels, schools, parking lots, churches, and municipal 

properties using DC GIS datasets. 

• Why it matters: Areas with fewer single-family rooftops but with significant large-roof 

structures (e.g., Ward 5 warehouses, Ward 6 schools, Ward 7/8 churches) are prime for 

community solar projects. 
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4. Socio-Economic & Equity Considerations 

• Method: Overlaid income, energy burden, and SREC eligibility maps with solar 

adoption rates. 

• Why it matters: Wards with higher energy burdens and lower historical solar adoption 

(Wards 7 & 8) were prioritized for community solar projects that can provide bill credits 

and equity-focused benefits. 

5. Existing Solar Penetration & Policy Alignment 

• Method: Used interconnection queue data, DOEE project databases, and Pepco hosting 

capacity maps. 

• Why it matters: Wards with high rooftop solar penetration already (e.g., Ward 3) show 

strong private adoption momentum, while wards with established community solar 

projects (e.g., Ward 7’s church array, Ward 8’s Oxon Run farm) show the scalability of 

shared solar models. 

 

Summary Mapping of Focus 

• Private Rooftop Focus: Wards 1, 2, 3, 4 (higher rates of single-family homes, favorable 

rooftops, homeowner demographics). 

• Community Solar Focus: Wards 5, 6, 7, 8 (multi-family housing stock, high renter 

percentage, large rooftops/land parcels, higher energy burden). 

 

Table 12 Ward-Level Solar Deployment Characteristics and Strategic Solar Priorities in the 

District of Columbia 

Ward Building Stock & 

Rooftop 

Suitability 

Population 

Density & 

Housing 

Typology 

Large 

Rooftop / 

Land 

Availability 

Socio-Economic 

& Equity 

Considerations 

Existing 

Solar 

Penetration 

& Policy 

Alignment 

Solar Focus 

1 Moderate mix of 

rowhomes with 

usable rooftops 

Dense, mixed 

housing but 

still rooftop 

potential 

Limited 

large parcels 

Moderate energy 

burden 

Some 

adoption but 

not saturated 

Private 

Rooftop 

2 High % of single-

family/rowhomes 

with favorable 

rooftops 

Lower renter 

share than 5-8 

Limited open 

land 

Higher income, 

lower energy 

burden 

Rooftop 

adoption 

growing 

Private 

Rooftop 

3 Strong rooftop 

suitability (low 

shading, large 

Predominantly 

single-family 

Few large 

parcels 

High income, 

low energy 

Highest 

rooftop 

adoption to 

Private 

Rooftop 
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homes) homeowners burden date 

4 Many detached 

homes, good 

rooftop orientation 

Mix of middle-

density 

housing, 

moderate 

renters 

Few large 

parcels 

Moderate equity 

need 

Rooftop 

adoption 

increasing 

Private 

Rooftop 

5 More multi-family 

& industrial areas, 

fewer single-

family rooftops 

Higher renter 

share 

Significant 

warehouses, 

schools 

Equity benefits 

needed 

Some 

community 

solar already 

in place 

Community 

Solar 

6 Dense multi-

family housing, 

limited individual 

rooftops 

Very high 

renter 

population 

Schools, 

municipal 

roofs 

available 

Moderate equity 

concerns 

Some 

rooftop, but 

community 

solar scaling 

Community 

Solar 

7 Limited single-

family roof 

suitability 

High % renters, 

multi-family 

Large 

churches, 

schools 

available 

High energy 

burden, low 

adoption 

historically 

Community 

solar 

(churches, 

arrays) 

growing 

Community 

Solar 

8 Very limited 

rooftop suitability 

High density, 

majority renters 

Oxon Run 

site, 

churches, 

municipal 

parcels 

Highest energy 

burden, lowest 

adoption 

Flagship 

community 

solar projects 

established 

Community 

Solar 

 

12. Solar Projects by Ward 

Ward 1 

• Focus: Potential for private rooftop installations.  

Ward 2 

• Focus: Greater potential for private rooftop installations.  

Ward 3 

• Focus: Greater potential for private rooftop installations.  

Ward 4 

• Focus: Potential for private rooftop installations. 

Ward 5 

• Focus: Suitable for shared community solar projects, especially on large building 

rooftops or parking lot canopies.  
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Ward 6 

• Focus: Suitable for shared community solar projects, especially on large building 

rooftops or parking lot canopies. 

Ward 7 

• Sargent Memorial Presbyterian Church: 256 kW community solar array serving 73 

income-qualified households  

Ward 8 

• Oxon Run Community Solar Farm: 2.65 MW facility providing free electricity to 

approximately 750 households   

• Additional Installations: Solar panels being added to more than 500 homes  

 

Table 13 Solar Project Suitability by Ward (DC) 

  

The heatmap-style visualization showing solar suitability by ward in DC is presented: 

• Gold = Private Rooftop Focus (Wards 1-4) 

• Blue = Community Solar Focus (Wards 5-8) 
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13. Key Insights 

• Community Solar Expansion: The District's "Solar for All" program is actively 

expanding community solar facilities across all wards, aiming to reduce energy bills for 

income-qualified residents.  

• Rooftop Solar Potential: Wards 2, 3, 5, and 6 have significant potential for private 

rooftop solar installations, while Wards 5, 6, 7, and 8 are more suitable for shared 

community solar projects.  

• Growth in Solar Installations: The number of RPS-eligible solar energy systems has 

increased in all wards, with a total capacity of about 117.6 MW as of April 2020   

Ward-Level Project Overview and Implementation Details: 

Ward 2: 

• American Geophysical Union Building: Achieved net-zero energy status through 

innovative solar installations, exemplifying the potential for commercial buildings in 

urban settings to adopt solar energy.   

Ward 4: 

• Abrams Hall Senior Apartments: Hosts a 473-kW community solar system benefiting 

135 households.   

• Rock Creek Ford Solar Project: Features the first solar rooftop shingles project in the 

District, contributing 21.23 kW and serving six income-qualified households.  

Ward 5: 

• Brentwood Reservoir Community Renewable Energy Facility (CREF): Upon 

completion, this facility is expected to provide energy savings to over 500 households, 

marking it as one of the largest community solar projects in the city. The Washington 

Informer 

Ward 7: 

• Fairfax Village: Comprises 17 solar CREF systems, delivering solar benefits to 

approximately 450 income-qualified residents. DCSEU+1The Washington Informer+1 

• Paradise at Parkside Apartments: Hosts a 1,799.84 kW CREF serving around 514 

households. DCSEU 

• HD Woodson High School: Features a 670-kW solar installation, part of a broader 

initiative encompassing approximately 50 government sites with solar systems. Mayor of 

Washington, D.C. 

 

https://www.washingtoninformer.com/ward-5-community-solar-facility-celebrates-construction-progress/
https://www.washingtoninformer.com/ward-5-community-solar-facility-celebrates-construction-progress/
https://www.dcseu.com/news-blog/news-blog/blog-posts/6-community-solar-sites-in-dc-you-didn-t-know-were-helping-residents-save-money
https://www.dcseu.com/news-blog/news-blog/blog-posts/6-community-solar-sites-in-dc-you-didn-t-know-were-helping-residents-save-money
https://mayor.dc.gov/release/mayor-bowser-kicks-earthweekdc-one-largest-municipal-solar-projects-country-hd-woodson-high
https://mayor.dc.gov/release/mayor-bowser-kicks-earthweekdc-one-largest-municipal-solar-projects-country-hd-woodson-high
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Ward 8: 

• Oxon Run Solar Farm: Recognized as the largest renewable energy facility in the 

District, significantly contributing to the city's solar capacity.  DC Opens New Solar Farm 

in Ward 8 | dgs 

• Arbor View and Randle Hill Apartments: Undergoing installations totaling 2.2 MW of 

solar energy, aiming to benefit over 500 homes with reduced utility bills.  More Solar 

Panels Are Coming To Apartment Buildings In Ward 8 - DC Green Bank 

 

13. Citywide Initiatives 

• By the end of 2021, the District had certified 10,013 solar energy systems, representing 

154.7 MW of capacity. DCPSC - Public Service Commission of the District of Columbia 

• As of 2023, the total installed solar power capacity reached 237 MW, with significant 

contributions from large installations such as the 7.5 MW project at Catholic University 

of America. Washington, D.C. & Maryland Energy: Estimating Solar Potential Using 

NASA POWER Data to Inform Renewable Energy Policy for Washington, D.C. - NASA 

Technical Reports Server (NTRS) 

These developments underscore the District's commitment to expanding solar energy access 

across all wards, aligning with its ambitious renewable energy goals. 

As of the latest available data, Washington, D.C. has made significant progress in solar energy 

deployment, achieving a total installed solar capacity of 288 megawatts (MW) as of the end of 

2024. This capacity is sufficient to power approximately 48,632 homes, accounting for about 

62.33% of the District's electricity from solar energy.SEIA 

While specific generation data by ward is not publicly available, several notable solar projects 

contribute to the District's overall solar capacity: 

• Joint Base Anacostia-Bolling: A 7 MW solar installation. SEIA.org 

• Catholic University of America: Hosts the District's largest solar system at 7.5 MW.  

2025-RPS-Report-FINAL.aspx 

• Oxon Run Community Renewable Energy Facility (CREF): A significant community 

solar project contributing to Ward 8's solar capacity. 

These projects, among others, underscore the District's commitment to expanding solar energy 

access across all wards, aligning with its ambitious renewable energy goals. 

 

 

 

https://dgs.dc.gov/release/dc-opens-new-solar-farm-ward-8
https://dgs.dc.gov/release/dc-opens-new-solar-farm-ward-8
https://dcgreenbank.com/press/more-solar-panels-are-coming-to-apartment-buildings-in-ward-8/
https://dcgreenbank.com/press/more-solar-panels-are-coming-to-apartment-buildings-in-ward-8/
https://dcpsc.org/
https://ntrs.nasa.gov/citations/20220001899
https://ntrs.nasa.gov/citations/20220001899
https://ntrs.nasa.gov/citations/20220001899
https://seia.org/state-solar-policy/washington-dc-solar
https://www-dev.seia.org/state-solar-policy/washington-dc-solar
https://dcpsc.org/getmedia/23c0a50c-ae94-4ba9-8c3a-92071086f253/2025-RPS-Report-FINAL.aspx
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14. Evaluation Questions by Phase (2024-2041) 

To effectively monitor the progress of Advanced Inverter Technology adoption and 

implementation, this section outlines key evaluation questions aligned with each phase of the 

2024-2041 roadmap. These questions are designed to assess the readiness, execution, and long-

term impact of regulatory, technical, and stakeholder-driven milestones. Structured by timeline, 

the questions support quarterly and annual reviews, ensuring that policy actions, utility 

compliance, and technology integration are consistently evaluated. This phased approach enables 

proactive adjustments and continuous learning, supporting the successful realization of DER and 

grid modernization goals. 

The roadmap for Advanced Inverter Technology is structured across two critical layers: policy 

and technology. To ensure successful execution and long-term impact, this section presents key 

evaluation questions organized by phase from 2024 to 2041. The policy layer focuses on 

regulatory actions, stakeholder engagement, tariff structures, and governance alignment, while 

the technology layer emphasizes certification, interoperability, performance validation, and 

system integration. These questions serve as a foundation for quarterly and annual assessments, 

allowing decision-makers to track progress, identify gaps, and adjust strategies as the grid 

evolves toward greater resilience, equity, and clean energy integration. 

14. 2. Policy Layer Evaluation Questions 

2024-2025: Foundations 

1. Were all regulatory dockets (e.g., IEEE 1547-2018 compliance, DER tariffs) opened and 

closed as scheduled? 

2. Were stakeholder input and public comments adequately captured and addressed in Q3-

Q4 2024? 

3. Did policy formats (e.g., rulemaking, technical conferences) effectively engage DER 

developers and utilities? 

2026-2028: Capacity Building and Stakeholder Integration 

 

4. Were pilot projects and certification pathways developed and implemented effectively? 

5. How well did state regulators and utilities collaborate to assess utility hosting capacity and 

DER adoption? 

6. Was stakeholder feedback from Q3 2026 incorporated into revisions of DER standards and 

protocols? 

2029-2033: Regulatory Alignment and Grid Optimization 

7. Were utility updates to DER communication protocols and interconnection processes fully 

aligned with IEEE 1547-2018 by Q4 2031? 

8. How consistent was the application of regulatory enforcement mechanisms across 
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jurisdictions? 

9. Did revised compensation and tariff structures support DER integration and value stacking? 

2034-2036: DER Scaling and Optimization 

10. Were policies supporting DER grid services (e.g., dynamic response, frequency regulation) 

standardized and adopted across all service territories? 

11. Were data-sharing policies for DER visibility and dispatch implemented equitably and 

securely? 

2037-2041: Market Maturity and Grid Resilience 

12. Have at least 12.3% of the total solar generation goals been met by Q4 2040? 

13. Were market-based DER services (e.g., behind-the-meter participation, resilience credits) 

successfully deployed? 

14. Did policies evolve to support equity in DER access and distribution system modernization? 

15. Were tariff updates and code revisions reflective of performance metrics and cost-benefit 

analysis? 

14.3. Technology Layer Evaluation Questions 

2024-2026: Initial Development 

 

16. Were early adopters and vendors compliant with IEEE 1547-2018 by Q4 2026? 

17. Were field validation and lab test results effectively incorporated into DER interconnection 

rule updates? 

2027-2030: Smart Grid Infrastructure & Regulatory Alignment 

18. Were DERs (inverters, batteries, etc.) able to perform voltage/frequency support functions by 

2029? 

19. Were utility systems upgraded to handle dynamic DER behavior (e.g., black-start, VSM 

protocols)? 

2031-2033: Full Technical Integration 

20. Were all DERs fully compliant with IEEE 1547-2018 technical specifications? 

21. Did systems achieve ≥9.65% solar milestone with inverter-based grid services as expected? 

2034-2036: Grid Optimization 

22. Were DERs providing advanced services (e.g., V2G, peak shaving, frequency regulation) in 

at least 75% of applicable scenarios? 

23. How successful were compensation pilots and behavior-based incentive mechanisms? 
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2037-2041: DER Market Maturity 

24. Were ≥12.3% solar and ≥10% DER integration milestones achieved and sustained? 

25. Did technological capabilities (e.g., secure DER communications, grid-forming inverters) 

support resilience and energy equity objectives? 

 
15. Phased Evaluation Strategy for the IEEE 1547-2018 Roadmap: 

What to Address Now vs. What to Track Over Time (2024-2041) 

 

1. Questions to Address Now (2024-2026) 

The follow questionss help ensure foundational alignment, policy readiness, stakeholder 

engagement, and early compliance: 

a. Immediate Tracking & Action 

• Q1-Q3, Q4 2024: 

o Were all regulatory dockets (IEEE 1547-2018, DER tariffs) opened and scheduled 

for closure? 

o Were policy processes (technical conferences, formats, etc.) initiated for feedback 

and transparency? 

o Were stakeholder inputs gathered (especially Q3 2024) and integrated into the 

roadmap? 

b. Early Compliance Preparation 

• Are DER developers and utilities aware of 1547-2018 certification requirements? 

• Are pilot plans and hosting capacity studies underway or planned for 2025? 

c. Near-term Technology Planning 

• Have tools and interconnection maps been reviewed or updated for early pilot planning? 

• Are certification protocols and voluntary adoption incentives being defined? 

2. Questions to Track and Evaluate at That Time (2026-2041) 

These are tied to performance milestones and evolving implementation. You can’t answer them 

fully now, but you must build a system to track them: 

a. Mid-term (2026-2033): Progress Tracking 

• DER compensation pilots implemented as planned? 
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• Utilities adopting behavior-aware inverter operations? 

• Field test data driving interconnection standards? 

• DERs reaching technical compliance with IEEE 1547-2018 by Q4 2033? 

b. Long-term (2034-2041): Outcome Evaluation 

• Did solar penetration hit 7.65%, 9.65%, 12.3%, and 15% milestones on schedule? 

• Were DERs fully functional in providing grid support, resilience, and dynamic response? 

• Were equity and access measures embedded into tariff structures? 

What to Do Now: 

DOEE should: 

1. Establish Baseline Indicators (2024-2025) - e.g., # of IEEE 1547-2018 certified 

devices, # of regulatory dockets opened, stakeholder comments received. 

2. Develop Evaluation Frameworks for tracking quarterly milestones. 

3. Set Up Monitoring Infrastructure - dashboards, stakeholder review cycles, policy 

check-ins, and DER adoption data analytics. 

4. Embed Tracking into Roadmap Governance - tie questions to quarterly deliverables 

and agency reporting cycles. 

16. PSEUDO ALGORITHM 

Evaluation and Tracking Roadmap for IEEE 1547-2018 Implementation (2024-2041) 

Inputs: 

• Timeline: 2024-2041 

• Roadmap milestones (Policy + Technology) 

• Stakeholder feedback 

• Regulatory docket status 

• DER certification data 

• Solar penetration targets 

Step 1: Immediate Evaluation (2024-2026) 

IF Year ∈ [2024, 2026] 

THEN 

→ Phase 1: Baseline Readiness Checks 
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python 

CopyEdit 

if not regulatory_dockets_opened(): 

    raise Alert("Open DER tariff and IEEE 1547-2018 dockets.") 

 

if not stakeholder_engagement_recorded(Q3_2024): 

    schedule_technical_conference() 

    collect_feedback() 

 

if not DER_certification_awareness(): 

    launch_awareness_campaign() 

 

if not pilot_studies_scheduled(2025): 

    initiate_pilot_plan() 

 

if not interconnection_maps_updated(): 

    request_utility_data_update() 

 

if not certification_protocols_defined(): 

    begin drafting protocols and voluntary adoption pathways 

 

Step 2: Monitoring & Progress Tracking (2026-2033) 

IF Year ∈ [2026, 2033] 

THEN 

→ Phase 2: Mid-Term Implementation Tracking 

python 

CopyEdit 

track([ 

    "DER_compensation_pilots_implemented", 

    "behavior_aware_inverter_ops", 

    "field_test_data_informs_standards", 

    "IEEE_1547_compliance_by_2033" 

]) 

 

evaluate_progress_against_milestones("Q1-Q4 yearly") 

log_results_to_dashboard() 

 

Step 3: Outcome Evaluation (2034-2041) 

IF Year ∈ [2034, 2041] 

THEN 

→ Phase 3: Final Evaluation & Impact Assessment 
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python 

CopyEdit 

check_targets([ 

    ("solar_penetration", [5.6, 10, 12.3, 15]), 

    ("DER_grid_support", "operational"), 

    ("equity_measures", "implemented_in_tariffs") 

]) 

 

generate_evaluation_report() 

recommend_policy_updates() 

 

 

Step 4: Continuous Governance Setup (Start in 2024, ongoing) 

→ Phase 4: Infrastructure for Evaluation 

python 

CopyEdit 

initiate([ 

    "baseline_indicators_tracking",     # Certified devices, dockets, comments 

    "quarterly_evaluation_frameworks",  # Templates and tools 

    "monitoring_dashboard_setup",       # Automated tracking 

    "governance_alignment"              # Tie evaluation to roadmap managers 

]) 

 

Outputs: 

• Quarterly performance reports 

• Gap analysis dashboards 

• Policy & technology update recommendations 

• Readiness & resilience assessment (annual from 2026 

onward)

 

Figure 3 Process Flow for Roadmap Execution 
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17. Advanced Inverter Technology Adoption and Implementation 

Tracking Dashboard 

Quarterly & Annual Milestone Monitor (2024-2041) 

An Excel-based tracking dashboard was designed to support quarterly and annual evaluation of 

the IEEE 1547-2018 adoption and advanced inverter roadmap. The dashboard provides a 

structured format to monitor milestones across four key phases (2024-2041), allowing users to 

track policy and technology actions, set target dates, assign responsibilities, and document 

progress. This tool helps ensure transparency, organized, and ongoing oversight throughout each 

stage of the roadmap. 

Each phase of the algorithm is organized into a separate sheet with columns for: 

• Milestone 

• Target Date 

• Status 

• Responsible Party 

• Comments 

18. Lessons from the Iberian Peninsula Outage: Strengthening Grid 

Resilience Through Modernization 

It appears that the system outage was primarily driven by a lack of rotational inertia combined 

with the inherent characteristics of Inverter-Based Resources (IBRs) under voltage disturbance 

conditions. Specifically, when a fault or instability occurs, the terminal voltage at the IBR drops. 

This voltage drop triggers an abrupt curtailment or tripping of power output. 

Unlike conventional synchronous machines, which inherently provide inertia and can ride 

through momentary voltage dips due to their physical mass and electromagnetic behavior, IBRs 

rely on electronic controls. Most current-generation IBRs, especially those not equipped with 

grid-forming or voltage-supportive control modes, are configured to disconnect or reduce output 

rapidly during undervoltage conditions to protect internal components. 

This behavior leads to a sudden drop in available active power. Because IBRs do not contribute 

to system inertia in the same way as traditional rotating machines, the grid frequency and voltage 

can decline further and faster. In many cases, IBRs will not re-enter operation until voltage levels 

recover to predefined thresholds, leaving the system in a vulnerable state for extended periods. 

Consequently, the disturbance may propagate, particularly in weak-grid or high-IBR-penetration 

scenarios, leading to voltage instability, frequency collapse, or cascading outages. This highlights 
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the importance of integrating grid-forming capabilities, adaptive protection schemes, and fast 

frequency response mechanisms into the IBR fleet to maintain grid resilience during faults and 

transients. 

This Figure 1 illustrates an acceptable Low Voltage Ride Through (LVRT) response of an IBR, 

such as a solar or wind generator, when subjected to a grid voltage disturbance. Figure 1 

demonstrates grid-code compliant LVRT behavior where an inverter stays online and supports 

grid voltage with reactive power during and after a fault. This is critical in high-IBR systems to 

avoid cascading generation losses and voltage collapse. 

 

Figure 4 Acceptable Response: LVRT 

Interpretation of the Events in Figure 4: 

1 Voltage Dip (LVRT Trigger): 

• Around 0 to 0.5 seconds, the voltage drops sharply from 1.0 pu to near 0 pu. 

• This simulates a grid fault, which would trigger the LVRT mechanism. 

2. IBR Response (0.5-5 seconds): 

• Despite the voltage dip, the inverter does not disconnect, this is crucial for grid stability. 

• Reactive power (red) spikes immediately to support voltage recovery, as expected in a 

compliant LVRT response. 

• Real power (green) drops momentarily due to voltage loss, but ramps back up as voltage 

recovers. 

3. Voltage Recovery (~1.5 seconds onward): 
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• The voltage gradually returns to a stable level (~0.65 pu), aided by reactive power 

support. 

• Real power stabilizes, showing that the inverter has successfully ridden through the 

disturbance. 

• Reactive power decreases but remains slightly elevated to support the grid. 

 

 

Why This Is “Acceptable”: 

• The inverter did not trip during the low voltage event. 

• It injected reactive power (per LVRT grid code requirements). 

• It resumed real power output without manual restart or delay. 

• The voltage recovered, thanks in part to the inverter’s response. 

 

Before the event at 12:30 

The demand was relatively low (25 GW), and the peak of the system was 38 GW (Jan 9, 2024). 

Iberian Peninsula was exporting to France 866 MW, Morocco 782 MW and Portugal (that also 

experienced a collapse) 2652 MW. 

Solar photovoltaic (PV) generation reached 17.7 GW, supplying 55% of the total demand. Solar 

thermal contributed 1.5 GW (5%), wind generation provided 3.5 GW (approximately 11%), and 

nuclear added 3.4 GW (nearly 11%). In total, 82% of the electricity supply came from either 

IBRs (66%) or largely inflexible sources (16%). 

Combined-cycle gas turbines (CCGTs) produced only 1 GW (3%), while hydropower 

contributed 3.1 GW (10%). 
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Figure 5 Structure of Progressive Accumulated Generation and Storage Before the event at 12:30 

 

During the event (12:35) 

Solar PV dropped from 17.7 GW to 7.8 GW, nuclear tripped all 3.4 GW available, wind dropped 

to 2.1 GW (or 1.4 GW lost), solar thermal dropped to 0.5 GW (1 GW lost), and coal power also 

tripped (0.3 GW). A total of almost 16 GW was lost on a 25 GW load, which corresponded to 

more than 60% of the supply and therefore triggered a collapse. However, some regions of 

Iberian Peninsula remained energized as the load did not drop to zero but to 14 GW. This 

collapse is demonstrated in Figure 6, and each resource’s response is explained in Table 1. 

  



 

 

DOEE - District of Columbia Advanced Inverter and High-DER Grid Modernization Roadmap 

83 

 

 

Figure 6 Structure of Progressive Accumulated Generation and Storage During the event at 12:35 

 

Table 14 Comparison of the Two Scenarios 

Aspect Before  

the Event  

(12:30) 

During 

the Event (12:35) 

Key Insight 

Total Load 25 GW Dropped to 14 GW 

(collapse in some 

regions) 

Load didn’t vanish, but supply 

instability caused blackout 

Peak Load 

Capacity 

38 GW (Jan 9) Still far from peak, 

system not stressed 

by demand 

Collapse wasn’t due to peak demand 

overload 

Solar PV 17.7 GW (55%) Dropped to 7.8 

GW 

Loss of nearly 10 GW shows PV was 

unstable or tripped due to fault/voltage 

issues 

Solar 

Thermal 

1.5 GW Dropped to 0.5 

GW 

1 GW lost; similar issues as PV 

(possibly inverter tripping or irradiance 

drop) 

Wind 3.5 GW Dropped to 2.1 

GW 

Moderate loss (1.4 GW), may suggest 

weak frequency ride-through 

capability 

Nuclear 3.4 GW Fully tripped Major stability issue - possibly 

protection-triggered due to 
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voltage/frequency deviation 

Coal Tiny 0.3 GW Tripped Not significant individually, but 

symptomatic of total system stress 

Hydro 3.1 GW (10%) Not reported to 

drop 

Likely remained operational - shows 

dispatchable inertia-based 

generation was reliable 

CCGT (Gas) 1 GW (3%) Likely remained 

but low 

contribution 

Insufficient to cover massive IBR 

losses 

Exports 4.3 GW total 

(France, 

Morocco, 

Portugal) 

No export data 

during collapse 

High export dependency with low 

internal flexibility backfired during 

stress 

IBR + 

Inflexible 

Share 

82% (66% IBR + 

16% nuclear) 

Most of it lost (16 

GW) 

Shows fragility of systems heavily 

dominated by IBRs without grid-

forming control 

 

Hypothesis: 

 

A sudden low-voltage event in a PV-dense region likely triggered widespread disengagement of 

IBRs due to their limited ability to ride through such disturbances. The lack of system inertia and 

insufficient reactive power support may have caused voltage collapse, leading to a cascading loss 

of generation. This underscores the critical need for grid-forming inverters and fast frequency 

and voltage response capabilities in systems with high IBR penetration. That said, we will need 

to wait for the official analysis to confirm this hypothesis. 

The map in Figure 7 shows Iberian Peninsula (Spain and Portugal), including parts of southern 

France, northern Morocco, and the Balearic Islands, with yellow circles indicating what appear 

to be solar PV plant locations or grid disturbance reports. 

1. Geographic Distribution of Resources: 

The southern region appears to have a high penetration of solar PV—this area is 

crucial because it's dominated by IBRs (like solar inverters), which lack inertia. 

2. Timeline or Grid Status Snapshot: 

A sharp drop in generation in PV-heavy areas (likely highlighted in red or shaded 

to indicate the collapse). 

Possible indicators of voltage sag or instability spreading from the south to other 

areas. 
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3. Behavior of IBRs: 

In the event of a low-voltage disturbance, many IBRs were disconnected or curtail 

power to protect their electronics. 

Without enough grid-forming inverters or traditional inertia sources (like gas or 

hydro), the voltage can't stabilize. 

4. Resulting Impact: 

Because generation drops instead of recovering, the region enters a voltage 

collapse spiral. 

This leads to localized blackouts or partial system collapse, as the system fails to 

recover synchronously. 

 

 

Figure 7 Iberian Peninsula (Spain and Portugal), including parts of southern France, northern 

Morocco, and the Balearic Islands, with yellow circles indicating what appear to be solar PV 

plant locations 
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The following day, a greater share of generation came from CCGTs and hydropower, as shown in 

Figure 8. 

CCGTs: 

• CCGTs are flexible, fast-ramping, dispatchable thermal plants. 

• They are valuable during sudden drops in renewable output (like solar PV or wind). 

• Greater backup capacity for balancing intermittent renewables 

 

• Faster frequency support during disturbances 

 

• Strategic capacity reserve for grid stability 

 

 Hydro (Hydropower): 

Hydro plants offer inertia, fast frequency response, and flexible dispatch. 

They often help during: 

• Black starts (grid restoration after collapse) 

• Peak shaving 

• Frequency regulation 

• Increased hydroelectric generation capacity 

• Greater dispatches during emergencies 

• Leveraging pumped storage for grid balancing 
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Figure 8 Progressive Accumulation of Generation and Storage Capacity Following the Event 

 

Technical Cause: 

• The outage was triggered by a disconnection of a 400 kV transmission line between 

France and Iberian Peninsula specifically, the Baixas-Brothers interconnection. 

• This event caused a cascading series of protection actions, including the activation of 

automatic underfrequency load shedding mechanisms across parts of the Iberian 

Peninsula. 

• The frequency dropped rapidly, leading to a partial and temporary separation (islanding) 

of the Iberian grid from the continental European system. 

• The incident exposed limited inertia and fast frequency response capabilities, especially 

with the high penetration of IBRs. 

 

Technical Conclusions: 

1. High IBR Penetration Requires Grid-Forming Capability 

▪ With 66% of supply from inverter-based solar and wind, the grid lacked 

sufficient inertia and voltage/frequency support. 
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▪ Likely that inverter tripping or grid-following behavior contributed to 

cascading losses. 

2. Nuclear Tripping Signals Instability 

▪ Nuclear plants typically trip under severe grid disturbances, suggesting 

major frequency/voltage excursions occurred. 

▪ A 3.4 GW trip is huge under a 25 GW load—likely the tipping point. 

3. Hydro & Gas Couldn’t Save the Grid 

▪ Hydro remained stable but was too small (3.1 GW). 

▪ CCGT was under-utilized (1 GW), possibly due to market dispatch or 

ramp limitations, couldn’t respond fast enough. 

4. Export Commitments Exacerbated Fragility 

▪ Iberian Peninsula was exporting 4.3 GW—~17% of its active load. When 

internal generation collapsed, the system couldn’t both export and support 

itself. 

▪ Likely interconnection stress or export limits contributed to collapse. 

5. The Collapse Was Partial 

▪ Load only dropped from 25 GW to 14 GW, showing that islanding worked 

in parts of the grid. 

▪ Suggests that regional microgrids or islands with more inertia or control 

capabilities (e.g., hydro-heavy zones) survive. 

 

Role of IBRs and System Vulnerability: 

• A significant proportion of the Iberian grid’s generation at the time came from solar and 

wind resources, which are IBR-based and typically do not contribute to inertia. 

• When the voltage dipped due to the interconnection loss, many IBRs reduced output or 

disconnected, exacerbating the frequency and voltage drop. 

• This confirmed earlier concerns in the European grid about high IBR penetration without 

adequate grid-forming controls or synthetic inertia support. 

 

Aftermath & Response: 

• The event raised alarms across ENTSO-E, the European Network of Transmission 

System Operators. 

• It prompted technical discussions and policy recommendations for: 

➢ Improved IBR ride-through standards 
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➢ Deployment of grid-forming inverters 

➢ Enhanced inertia estimation and fast frequency response 

➢ Cross-border coordination for managing disturbances 

 

Policy & Planning Oriented 

• The New Reliability Gap: Inertia Loss in Modern Power Grids 

• When the Inverters Disconnect: A Systemic Risk to Grid Stability 

• Designing for Disturbance: Rethinking IBR Behavior in Grid Faults 

 

19. Key Lessons and Recommendations 

A note on applicability to the District: the April 2025 Iberian Peninsula event occurred at 

transmission scale, involving continental-scale synchronous and inverter-based resource 

interactions, cross-border power exchanges, and system-wide voltage and frequency dynamics. 

The District of Columbia’s distribution system is a comparatively small, urban load center 

embedded within the PJM Interconnection, which retains transmission-level frequency and 

reactive-power control responsibilities. The Iberian event does not, by itself, demonstrate that the 

District requires grid-forming inverters or any other specific mitigation technology. Its correct 

application is narrower: it illustrates the importance of validating voltage control, ride-through 

behavior, inverter-based resource interactions, system strength, disturbance response, and 

coordinated transmission-distribution operation as inverter-based resource penetration increases. 

Whether, where, and how any specific mitigation measure applies to the District requires 

District- and PJM-specific engineering analysis rather than direct extrapolation from the Iberian 

case. 

Cyberattacks have been largely ruled out, the focus remains on technical failures and the 

structural resilience of the grid, especially in the context of increasing reliance on renewable 

energy sources. This incident underscores the critical need for modernizing grid infrastructure, 

enhancing cross-border interconnections, and implementing advanced technologies to manage 

the complexities of renewable energy integration. 

• Low inertia systems are more vulnerable to sudden imbalances. 

The incident underscored the importance of system inertia in maintaining grid stability. 

Traditional synchronous generators provide inertia, helping to buffer frequency deviations. In 

contrast, IBRs lack inherent inertia, making grids with high IBR penetration more susceptible to 

rapid frequency changes. 
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• IBRs must evolve from grid-following to grid-forming behaviors to support stability 

The response of IBRs to voltage and frequency disturbances needs to be managed carefully. 

Enhancing fault ride-through capabilities and implementing grid-forming controls can improve 

their resilience. 

 

• Grid modernization must include both technology and regulatory updates to handle high-

IBR grids. 

The event highlighted the need for robust coordination between transmission system operators 

across borders to manage and mitigate such incidents effectively. 

A system with high renewable penetration needs advanced contingency planning, including 

digital twins, DERMS, and AI-based controls. 

 

20. The District of Columbia (DC) can try to avoid a situation like 

the April 2025 Iberian Peninsula blackout, especially as DC moves 

toward higher renewable penetration 

What DC Can Do to Avoid Large-Scale Outages Amid High Renewable 

Penetration: 

1. Invest in Grid-Forming Inverters and Advanced Controls 

 

Iberian Peninsula’s blackout highlighted overdependence on IBRs without adequate 

system inertia. DC must prioritize the integration of grid-forming inverters that provide 

virtual inertia and enhance system stability during disturbances. 

 

2. Strengthen Operational Flexibility and Dispatchable Resources 

 

With 82% of Iberian Peninsula’s supply coming from IBRs or inflexible sources, the lack 

of dispatchable backup was critical. DC can avoid this by maintaining a balanced 

resource mix—integrating flexible resources like battery storage, demand response, and 

gas peakers for emergency backup. 

 

3. Enhance Situational Awareness and Grid Monitoring Tools 

 

Real-time data and faster visibility into grid conditions are essential. DC should expand 
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the use of advanced distribution management systems (ADMS), PMUs, and AI-driven 

forecasting to respond to system changes before they cascade. 

4. Modernize Interconnection Requirements and DER Standards 

 

Ensure that solar and other DERs contribute to voltage and frequency support, rather than 

disconnecting during disturbances. DC should adopt updated IEEE 1547-2018 standards, 

requiring DERs to ride through events and support grid recovery. 

 

5. Implement Localized Microgrids and Islanding Capabilities 

 

DC can improve resilience by enabling critical infrastructure to island during wide-area 

outages. Community microgrids with solar + storage can maintain service during grid 

events and reduce dependency on centralized infrastructure. 

 

6. Expand Hosting Capacity Analysis and Hosting Rules Reform 

 

The Iberian Peninsula event illustrates, at transmission scale, the general principle that 

DER growth must be matched by grid readiness. Consistent with that principle, and 

independent of any DC-specific applicability of the Iberian case, DOEE recommends 

conducting thorough hosting capacity studies and updating interconnection processes to 

reflect real limits, so that system upgrades keep pace with new DER deployments. 

 

7. Coordinate Regional and Cross-Jurisdictional Planning 

 

The Iberian Peninsula event illustrates the importance of cross-jurisdictional coordination 

during system disturbances at transmission scale. As a general matter, and not because the 

Iberian case is directly applicable to the District, DOEE recommends enhanced 

coordination with PJM, Maryland, and Virginia to ensure that transmission and 

distribution planning are aligned under high-renewable scenarios. 
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Conclusion 

The District of Columbia’s transition toward a high-DER electric system will require more than 

increasing the deployment of distributed solar and other clean energy resources. It will require 

coordinated evolution of the distribution system’s technical capabilities, interconnection 

processes, planning practices, operational tools, regulatory frameworks, cybersecurity and 

interoperability requirements, workforce capabilities, and mechanisms for evaluating costs and 

benefits. 

This roadmap provides a long-term, mission-oriented framework for coordinating these elements 

in support of the District’s clean energy objectives, including the goal of achieving 15% local 

solar generation by 2041. Central to this transition is the continued implementation and 

operationalization of IEEE 1547-2018 and advanced inverter capabilities, supported by 

improvements in hosting capacity analysis, distribution-system visibility, DER communications, 

ADMS/DERMS readiness, energy storage, demand flexibility, microgrids, and modernized 

interconnection processes. 

The roadmap does not assume that every emerging technology should be deployed uniformly 

across the District. Rather, technology deployment should be driven by demonstrated system 

needs, technical performance, cost-effectiveness, regulatory requirements, cybersecurity 

considerations, and measurable customer and grid benefits. Technologies such as grid-forming 

inverters, advanced DER coordination, real-time or dynamic hosting capacity, and increasingly 

automated grid controls should therefore be evaluated through appropriate modeling, simulation, 

field validation, pilot programs, and benefit-cost assessment before broader deployment. 

Implementation will also require clear institutional responsibilities and sustained coordination 

among DOEE, DCPSC, Pepco, PJM, DER developers and aggregators, technology providers, 

communities, and other stakeholders. As standards, technologies, market structures, and 

distribution-system conditions evolve, the roadmap should remain adaptive and be periodically 

updated using measurable performance indicators, utility data, stakeholder input, and lessons 

from implementation. 

International and national experience can provide important technical and regulatory insights; 

however, those lessons must be evaluated within the specific characteristics of the District and its 

relationship with the broader PJM system. The District’s modernization pathway should 

therefore be grounded in local distribution-system data and engineering analysis while 

continuing to incorporate relevant lessons from other high-DER jurisdictions and evolving 

industry standards. 

Ultimately, the success of grid modernization should not be measured solely by the amount of 

DER capacity interconnected or by the deployment of individual technologies. Success should be 

measured by whether the District can accommodate increasing levels of clean and distributed 

energy resources while maintaining or improving reliability, resilience, security, affordability, 

power quality, interoperability, operational flexibility, and equitable access to the benefits of the 

energy transition. 
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The 2024–2041 roadmap should therefore be viewed as a living strategic and technical 

framework: one that establishes direction and measurable objectives while retaining sufficient 

flexibility to respond to changing grid conditions, emerging technologies, regulatory decisions, 

evolving standards, utility investment priorities, and lessons learned through implementation. 

Through disciplined engineering analysis, transparent governance, measurable performance 

tracking, and coordinated technology and policy development, the District can progressively 

build the distribution-system capabilities required to support a secure, resilient, affordable, and 

increasingly DER-enabled electric grid. 
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