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Executive Summary

The rapid acceleration of renewable energy and distributed energy resource (DER) integration
across the Southwest Power Pool (SPP) region is reshaping the operational, regulatory, and
financial landscape for utilities such as ACME Sample. This study provides a comprehensive
assessment of technical feasibility, grid impact, and strategic options for integrating high levels of
renewables and DERs, with a focus on maintaining reliability, optimizing capital deployment, and
minimizing regulatory and market risks. Our analysis leverages public SPP interconnection queue
data, NERC reliability standards, and EIA 2026 projections to benchmark ACME Sample's current
state and future exposure.

Key findings indicate that ACME Sample faces a decision window regarding grid modernization
investments, DER management system (DERMS) adoption, and proactive interconnection queue
positioning. Without targeted mitigation, the utility may experience increased exposure to voltage
and frequency excursions, rising interconnection costs, and potential delays in renewable project
realization. Peer utilities in the SPP region have demonstrated that early adoption of advanced
grid management and DERMS platforms can yield significant risk reduction and cost avoidance.

High-Impact Findings: - SPP-wide renewable penetration is projected to exceed 45% by 2028 (EIA
2026 AEQ), with DERs contributing up to 12% of peak load in leading peer utilities. - ACME
Sample’s current DER hosting capacity is estimated at 7-9% of peak load, below the SPP median
of 11% (illustrative based on public benchmarks). - Interconnection queue delays for renewables
and DERs in SPP have increased to a median of 34 months (SPP Gl reports, Feb 2026). - Voltage
and frequency stability risks are rising, with NERC reporting a 22% increase in under-frequency
events in high-renewable SPP subregions (NERC LTRA 2025). - DERMS adoption rates among SPP
peers have doubled since 2023, with 60% of large utilities now piloting or deploying DERMS
platforms.

Prioritized Recommendations:
e Initiate a DERMS technology evaluation and pilot to enhance DER visibility and control, with an
illustrative 3-year risk reduction of 30-40% in voltage/frequency excursions.

e Advance grid hosting capacity studies to identify cost-effective feeder upgrades, targeting a 15—
20% increase in DER hosting at a conservative cost range of $8-12M (public benchmarks).

e Engage proactively in the SPP interconnection queue to secure favorable positions for planned



renewable projects, reducing potential cost overruns by 10-15% (illustrative).

Develop a phased grid modernization roadmap aligned with SPP and NERC reliability
requirements, prioritizing investments with highest ROl and risk mitigation.

Establish a cross-functional DER integration task force to coordinate regulatory, technical, and

market-facing initiatives.

Each recommendation is supported by a detailed implementation roadmap and quantifiable
business case. Actual outcomes depend materially on regulatory treatment, timing, and cost
recovery design. All figures are illustrative and based on public benchmarks.

1. Engagement Scope & Objectives

The scope of this engagement encompasses a comprehensive assessment of ACME Sample's
readiness and strategic options for integrating high levels of renewable generation and DERs
within the SPP market context. The objectives are to:

- Evaluate technical feasibility and grid impact of increased renewable and DER penetration. -
Benchmark ACME Sample's current DER hosting capacity and interconnection queue status
against SPP peers. - Assess regulatory and market risks associated with renewable integration,
including NERC reliability compliance and SPP market participation. - Identify technology and
process gaps, with a focus on DERMS, advanced distribution management, and grid
modernization. - Develop actionable, phased recommendations to enhance reliability, minimize
cost exposure, and position ACME Sample for long-term success in a high-renewable future.

| Scope Dimension | Description |

[----mmmm - [~mmmm | | Technical
Assessment | Grid impact modeling (voltage, frequency, inertia, hosting capacity) | | Regulatory
Review | NERC/FERC compliance, SPP protocols, interconnection queue analysis | | Technology
Evaluation | DERMS, ADMS, feeder automation, advanced metering infrastructure (AMI) | |
Financial Analysis | Cost/benefit, ROI, and risk quantification for major investment options | | Peer
Benchmarking | SPP utility comparisons, public queue data, DER adoption rates |

_lllustrative based on public benchmarks (EIA 2026 AEO, FERC filings, SPP Gl reports, etc.)_

The engagement is designed to provide ACME Sample’s executive leadership and board with a
defensible, actionable foundation for near-term and long-term decision-making. The study does
not replace detailed engineering or regulatory filings but is intended to inform strategic
prioritization and risk management.

| Objective Area | Key Questions Addressed |

[---mmm e [~ | | Reliability | What
are the technical limits and risks of higher renewable/DER penetration? | | Cost Exposure | What
are the cost drivers and potential savings from proactive integration? | | Regulatory Position | How
does ACME Sample's compliance posture compare to SPP/NERC peers? | | Technology Readiness |
Which grid modernization investments offer the highest ROI/risk reduction? | | Market
Opportunity | How can ACME Sample optimize SPP market participation with increased
renewables? |



_lllustrative based on public benchmarks (EIA 2026 AEO, FERC filings, SPP Gl reports, etc.)_

2. Methodology & Analytical Approach

The analytical approach for this study is grounded in industry best practices, leveraging a multi-
phase methodology to ensure robust, defensible findings. The process integrates public data
sources, peer benchmarking, and scenario-based modeling to quantify technical, financial, and
regulatory impacts. Key data sources include SPP interconnection queue reports (Feb 2026), EIA
2026 Annual Energy Outlook, NERC LTRA 2025, and FERC Order 2023 guidance.

The study was conducted in four primary phases:

Current State Assessment: Review of ACME Sample’s grid topology, DER penetration, and
interconnection status.

Peer Benchmarking: Comparative analysis against SPP utilities on DER hosting, queue delays,
and DERMS adoption.

Impact Modeling: Scenario-based analysis of voltage, frequency, and inertia impacts under
varying renewable/DER penetration levels.

Strategic Option Evaluation: Identification and quantification of technology, process, and market
participation options.

| Methodology Phase | Activities Conducted |

[------mm e [ == mm | | Data Collection |
Gathered SPP Gl queue data, EIA forecasts, NERC reliability reports | | Benchmarking | Compared
ACME Sample to SPP peers on DER/renewable metrics | | Scenario Modeling | Modeled grid
impacts under 10%, 20%, 30% DER penetration scenarios | | Option Evaluation | Assessed DERMS,
feeder upgrades, queue strategies, and market participation |

_lllustrative based on public benchmarks (EIA 2026 AEO, FERC filings, SPP Gl reports, etc.)_

Validation of findings was achieved through triangulation of multiple data sources and peer-
reviewed methodologies. Sensitivity analyses were performed to account for uncertainties in DER
adoption rates, interconnection costs, and regulatory changes. All forward-looking statements are
labeled as illustrative and actual results may vary materially.

| Data Input | Source/Vintage | Use in Analysis |

[---mmmmm e [--mmm [~ | | SPP Gl
Queue Reports | Feb 2026 | Interconnection delays, project status | | EIA 2026 AEO | Feb 2026 |
Regional renewable/DER penetration forecasts | | NERC LTRA 2025 | Dec 2025 | Reliability event
trends, under-frequency events | | FERC Order 2023 | Jan 2026 | Interconnection process, cost
allocation | | Peer Utility Filings | 2025-2026 | DERMS adoption, hosting capacity, cost benchmarks
I

_lllustrative based on public benchmarks (EIA 2026 AEO, FERC filings, SPP Gl reports, etc.)_

3. Current State Assessment




ACME Sample’s current state reflects both progress and gaps relative to SPP peers in renewable
and DER integration. The utility has initiated several pilot projects and grid modernization efforts
but remains below the SPP median in DER hosting capacity and DERMS deployment.
Interconnection queue positioning is a growing concern, with several planned renewable projects
facing extended timelines due to regional congestion.

The utility's distribution system is characterized by a mix of urban and rural feeders, with varying
levels of automation and advanced metering. Current DER penetration is estimated at 7-9% of
peak load, compared to the SPP median of 1% and a peer-leading 15% (illustrative). Voltage and
frequency excursions have increased modestly, consistent with NERC's findings for high-
renewable SPP subregions.

| Metric | ACME Sample | SPP Median | SPP Peer High |

[-mmmmm e [-===m=mmmm-- [------------ [~===mmmmmm e | | DER Penetration (% of Peak) | 7-9% | 11%
| 15% | | Hosting Capacity (% of Peak) | 8% | 12% | 18% | | DERMS Deployment | No | 60% Yes | 100%
Yes | | Interconnection Delay (months)| 36 | 34 | 28 |

_lllustrative based on public benchmarks (EIA 2026 AEO, FERC filings, SPP Gl reports, etc.)_

The utility's current grid management systems provide limited real-time visibility into DER
operations, increasing the risk of uncoordinated dispatch and reliability events. Feeder-level
hosting capacity studies have not been updated since 2023, and several substations are
approaching thermal and voltage limits under projected DER growth scenarios.

| System Dimension | Current State Summary |

[---mmmm e [~ mmmm | | Grid Automation |
Partial (AMI, limited feeder automation) | | DER Visibility | Low (manual reporting, limited
telemetry) | | Interconnection Queue | 4 major projects in queue, median delay 36 months | |
Regulatory Compliance | Meets NERC/FERC minimums, limited proactive risk mitigation | |
Market Participation | Limited direct SPP market bidding for DERs/renewables |

_lllustrative based on public benchmarks (EIA 2026 AEQ, FERC filings, SPP Gl reports, etc.)_

Peer utilities have demonstrated that early adoption of DERMS and advanced feeder automation
can reduce voltage/frequency excursions by 30-40% and accelerate DER integration by 12-18
months (illustrative). ACME Sample's current approach exposes the utility to rising operational and
regulatory risks as SPP renewable penetration accelerates.

| Gap Area | ACME Sample Status | SPP Peer Best Practice |

[-==mmm e R [ === | | DERMS | Not deployed | Full
deployment, real-time control| | Hosting Capacity Study | Outdated (2023) | Annual update,
feeder-level granularity| | Queue Management | Reactive | Proactive, dedicated queue team | |
Grid Modernization | Partial | Phased, multi-year roadmap |

_lllustrative based on public benchmarks (EIA 2026 AEO, FERC filings, SPP Gl reports, etc.)_

4. Detailed Analysis & Key Findings

4.1 SPP Renewable & DER Penetration Trends



The SPP region is experiencing a rapid increase in renewable and DER penetration, driven by
policy mandates, declining technology costs, and customer demand. EIA 2026 AEO projects SPP
renewable penetration to exceed 45% by 2028, with DERs (primarily rooftop solar and small-scale
storage) contributing up to 12% of peak load in leading utilities.

| Year | SPP Renewable Penetration (%) | SPP DER Penetration (%) |
[------ R R [ 12024 138|8|]|2025]41]10|]2026 43|11 ]|
2028 | 45+ | 12+ |

_lllustrative based on public benchmarks (EIA 2026 AEO, SPP Gl reports, etc.)_

Peer utilities have responded by accelerating DERMS deployment, updating hosting capacity
studies, and investing in advanced feeder automation. ACME Sample's current DER penetration
lags the SPP median, indicating both a risk of falling behind in grid modernization and an
opportunity to leapfrog via targeted investments.

4.2 Grid Impact Modeling: Voltage, Frequency, and Inertia

Scenario-based modeling indicates that increased DER penetration, without corresponding grid
upgrades, can lead to voltage excursions, frequency instability, and reduced system inertia. NERC
LTRA 2025 reports a 22% increase in under-frequency events in high-renewable SPP subregions,

with DERs exacerbating these trends when not actively managed.

| DER Penetration Scenario | Voltage Excursion Risk | Frequency Event Risk | Inertia Reduction |
[----mmm e [---mmmmmm e [-----mmmm e R | |10% | Low | Low | Minimal |
| 20% | Moderate | Moderate | 10% | | 30% | High | High | 18% |

_lllustrative based on public benchmarks (NERC LTRA 2025, SPP Gl reports, etc.)_

Feeder-level hosting capacity is a key constraint, with several ACME Sample substations projected
to exceed safe voltage limits at 15-20% DER penetration. Peer utilities have mitigated these risks
through targeted feeder upgrades and DERMS-enabled dynamic voltage control.

4.3 DER Hosting Capacity and Upgrade Requirements

Current hosting capacity studies indicate that ACME Sample's feeders can accommodate an
additional 3-5% DER penetration before requiring significant upgrades. Peer utilities have
achieved 15-20% increases in hosting capacity through targeted investments in voltage
regulation, advanced inverters, and feeder reconfiguration.

| Upgrade Type | MW Capacity Added | Estimated Cost ($M) | Peer Adoption Rate |
e [-===mmmmmm e e [---mmmmm e | | Feeder Voltage Regulators
[|151]2.5|80% | | Advanced Inverters |10 | 1.8 | 60% | | Feeder Reconfiguration | 20 | 3.2 | 70% |

_lllustrative based on public benchmarks (EIA 2026 AEQ, SPP Gl reports, etc.)_

A phased approach to upgrades, prioritized by hosting capacity constraints and DER adoption
forecasts, can yield a 15-20% increase in DER hosting at a conservative cost range of $8-12M
(illustrative).

4.4 Interconnection Queue Risks and Opportunities



