Orlando Utilities Commission

2020 Electric Integrated
Resource Plan Report
Orlando Utilities Commission
November 2020

Unrestricted

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

This page intentionally left blank.

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

2

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

Legal Notice
This document was prepared by Siemens Industry, Inc., Siemens Power Technologies International (Siemens
PTI), solely for the benefit of Orlando Utilities Commission. Neither Siemens PTI, nor parent corporation or its
or their affiliates, nor Orlando Utilities Commission, nor any person acting in their behalf (a) makes any
warranty, expressed or implied, with respect to the use of any information or methods disclosed in this
document; or (b) assumes any liability with respect to the use of any information or methods disclosed in this
document.
Any recipient of this document, by their acceptance or use of this document, releases Siemens PTI, its parent
corporation and its and their affiliates, and Orlando Utilities Commission from any liability for direct, indirect,
consequential or special loss or damage whether arising in contract, warranty, express or implied, tort or
otherwise, and irrespective of fault, negligence, and strict liability.

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

i

Table-of-Contents

This page intentionally left blank.

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

ii

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

Table of Contents
1.

Executive Summary ........................................................................................................... 1-1
1.1

Situation ........................................................................................................................... 1-2
The EIRP Process ................................................................................... 1-2
Considerations ...................................................................................... 1-2

1.2

Future Challenges and Opportunities ............................................................................ 1-3

1.3

EIRP Consultants .............................................................................................................. 1-4

1.4

Stakeholder Engagement ................................................................................................ 1-4

1.5

Objectives and Criteria .................................................................................................... 1-5

1.6

OUC Management Clean Energy Roadmap Recommendation: ................................... 1-9
The Optimized Portfolio........................................................................ 1-9

2.

EIRP Overview ................................................................................................................... 2-1
2.1

Background on Orlando Utilities Commission ............................................................... 2-1

2.2

EIRP Central Considerations............................................................................................ 2-2
Structured Approach ............................................................................ 2-2
Attributes .............................................................................................. 2-3
Stakeholder Input ................................................................................. 2-4

2.3

Strategies and Portfolios Analyzed ................................................................................. 2-5
Pathways and Conditions ..................................................................... 2-5
Calibration Portfolio ............................................................................. 2-6
Net Zero CO2 by 2050 ........................................................................... 2-8
100% Renewable by 2050 ................................................................... 2-10
Coal Retirement 2022/2026 ............................................................... 2-11
Gas Conversion 2026/2029................................................................. 2-13
Gas Conversion 2036/2040................................................................. 2-14
Wind-by-Wire ..................................................................................... 2-16
Modular Nuclear ................................................................................. 2-17

2.4

Attributes and Metrics ..................................................................................................2-19
Reliability ............................................................................................ 2-19
Affordability ........................................................................................ 2-20
Sustainability....................................................................................... 2-20

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

i

Resiliency ............................................................................................ 2-20
3.

Load Forecast .................................................................................................................... 3-1
Energy Efficiency Impact ....................................................................... 3-1
Distributed Generation (DG) Impact..................................................... 3-2
Electric Vehicle (EV) Impact .................................................................. 3-2
Demand Response ................................................................................ 3-3
3.2

4.

5.

Energy and Peak Demand Base Load Forecasts ............................................................ 3-5

Environmental Considerations .......................................................................................... 4-1
4.1

CO2 Pricing........................................................................................................................ 4-1

4.2

Electric Vehicles used for CO2 Offsets............................................................................. 4-2

Resource Options .............................................................................................................. 5-1
5.1

New Generation and Energy Storage Resources ........................................................... 5-1

5.2

Assumptions .................................................................................................................... 5-1
Combined Cycle Gas Turbine ................................................................ 5-2
Simple Cycle Combustion Turbine ........................................................ 5-3
Battery Storage ..................................................................................... 5-4
Solar Photovoltaics (PV) ........................................................................ 5-6
Onshore Wind and Wind-by-Wire ........................................................ 5-8
Small Modular Reactor (Nuclear) ......................................................... 5-8

6.

7.

Fuel Forecast ..................................................................................................................... 6-1
6.1

U.S. Natural Gas Market Outlook ................................................................................... 6-1

6.2

Natural Gas Forecast Methodology................................................................................ 6-3

6.3

Coal Price Forecast .......................................................................................................... 6-4

Stochastic Analysis ............................................................................................................ 7-1
7.1

Introduction ..................................................................................................................... 7-1

7.2

Use of Stochastic Analysis ............................................................................................... 7-2

7.3

Stochastic Distributions ................................................................................................... 7-2
Load Distributions ................................................................................. 7-2
Natural Gas Price Distributions ............................................................. 7-4
Coal Price Distributions......................................................................... 7-6
Emission Price Distributions ................................................................. 7-6
Capital Cost Distributions ..................................................................... 7-7

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

ii

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

Cross-Commodity Correlations ........................................................... 7-10
8.

9.

Analysis Results and Comparisons .................................................................................. 8-11
8.1

Reliability ........................................................................................................................8-11

8.2

Affordability ...................................................................................................................8-12

8.3

Sustainability ..................................................................................................................8-14

8.4

Resiliency........................................................................................................................8-15

8.5

Findings and Recommendations ..................................................................................8-19

OUC’s Optimized Portfolio ................................................................................................ 9-1
9.1

Introduction ..................................................................................................................... 9-1

9.2

Optimized Portfolio Advantages..................................................................................... 9-1
Reliability .............................................................................................. 9-3
9.2.2

Affordability .......................................................................................... 9-3
Sustainability......................................................................................... 9-4
Resiliency .............................................................................................. 9-5

10.

Challenges and Opportunities ......................................................................................... 10-6
10.1

Reliability ........................................................................................................................10-6

10.2

Affordability ...................................................................................................................10-6

10.3

Sustainability ..................................................................................................................10-6

10.4

Resiliency........................................................................................................................10-6

Appendix A: Technology Cost and Performance Assumptions ....................................................... A-1
Appendix B: Stochastics.................................................................................................................. B-1
Appendix C: Terms and Definitions ................................................................................................ C-1
Appendix D: Existing Unit Specifications and Model Topography ..................................................D-1
Appendix E: List of Abbreviations ................................................................................................... E-1

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

iii

Table of Exhibits
Exhibit 1:
Exhibit 2:
Exhibit 3:
Exhibit 4:
Exhibit 5.
Exhibit 6:
Exhibit 7:
Exhibit 8:
Exhibit 9:
Exhibit 10:
Exhibit 11:
Exhibit 12:
Exhibit 13:
Exhibit 14:
Exhibit 15:
Exhibit 16:
Exhibit 17:
Exhibit 18:
Exhibit 19:
Exhibit 20:
Exhibit 21:
Exhibit 22:
Exhibit 23:
Exhibit 24:
Exhibit 25:
Exhibit 26:
Exhibit 27:
Exhibit 28:
Exhibit 29:
Exhibit 30:
Exhibit 31:
Exhibit 32:
Exhibit 33:
Exhibit 34:
Exhibit 35:
Exhibit 36:
Exhibit 37:
Exhibit 38:

Final Balanced Scorecard ................................................................................................ 1-7
Overall EIRP Process ....................................................................................................... 1-8
Leading Portfolio and Optimized Portfolio Comparison ................................................. 1-9
Optimized Portfolio Energy Resource Mix and CO2 Emissions ..................................... 1-11
Overall EIRP Process ....................................................................................................... 2-2
EIRP Attributes and Definitions ...................................................................................... 2-3
Calibration and Candidate Portfolios .............................................................................. 2-6
Calibration Portfolio Build-Out (2020-2050)................................................................... 2-7
Calibration Portfolio Installed Capacity .......................................................................... 2-8
Net Zero CO2 by 2050 Portfolio Build-Out (2020-2050).................................................. 2-9
Net Zero CO2 by 2050 Portfolio Installed Capacity ......................................................... 2-9
100% Renewable by 2050 Portfolio Build-Out (2020-2050) ......................................... 2-10
100% Renewable by 2050 Portfolio Installed Capacity................................................. 2-11
Coal Retirement 2022/2026 Portfolio Build-Out (2020-2050)...................................... 2-12
Coal Retirement 2022/2026 Portfolio Installed Capacity ............................................. 2-12
Gas Conversion 2026/2029 Portfolio Build-Out (2020-2050) ....................................... 2-13
Gas Conversion 2026/2029 Portfolio Installed Capacity .............................................. 2-14
Gas Conversion 2036/2040 Portfolio Build-Out (2020-2050) ....................................... 2-15
Gas Conversion 2036/2040 Portfolio Installed Capacity .............................................. 2-15
Wind-by-Wire Portfolio Build-Out (2020-2050) ........................................................... 2-16
Wind-by-Wire Portfolio Installed Capacity ................................................................... 2-17
Modular Nuclear Portfolio Build-Out (2020-2050) ....................................................... 2-18
Modular Nuclear Portfolio Installed Capacity............................................................... 2-19
East Coast Hurricane Methodology .............................................................................. 2-21
West Coast Hurricane Methodology ............................................................................ 2-22
Gas Pipeline Disruption Methodology .......................................................................... 2-22
Annual Average and Peak Load EE Reduction Estimates ................................................ 3-2
Electric Vehicle Charging Average and Peak Load Impact .............................................. 3-3
Forecasted Net Energy for Load (GWh) .......................................................................... 3-5
Forecasted Peak Demand Load (MW) ............................................................................ 3-6
Expected Value CO2 Price Projections (2019$/ton CO2) ................................................. 4-1
Combined Cycle Capital Cost Forecast, 2019$/kW ......................................................... 5-3
Simple Cycle CT Capital Cost Forecast, 2019$/kW ......................................................... 5-4
Battery Storage Capital Cost Forecast, 2019$/kW ......................................................... 5-5
Single-Axis Tracking Solar PV (2019$/kW) ...................................................................... 5-7
Small Modular Reactor (Nuclear) All-In Capital Cost, 2019$/kW ................................... 5-9
Annual Henry Hub Natural Gas Forecast (2019$/MMBtu) ............................................. 6-3
OUC Delivered Coal Price Outlook (2019$/MMBtu)....................................................... 6-4

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

i

Table-of-Exhibits

Exhibit 39:
Exhibit 40:
Exhibit 41:
Exhibit 42:
Exhibit 43:
Exhibit 44:
Exhibit 45:
Exhibit 46:
Exhibit 47:
Exhibit 48:
Exhibit 49:
Exhibit 50:
Exhibit 51:
Exhibit 52:
Exhibit 53:
Exhibit 54:
Exhibit 55:
Exhibit 56:
Exhibit 57:
Exhibit 58:
Exhibit 59:
Exhibit 60:
Exhibit 61:
Exhibit 62:
Exhibit 63:
Exhibit 64:
Exhibit 65:
Exhibit 66:
Exhibit 67:
Exhibit 68:
Exhibit 69:

Forecasted Net Energy Load (GWh) Distribution............................................................ 7-3
Forecasted Peak Load (MW) Distribution ....................................................................... 7-4
Natural Gas (Henry Hub) Price Distribution (2019$/MMBtu) ........................................ 7-5
ILB Minemouth Coal Price Distribution (2019$/MMBtu) ............................................... 7-6
CO2 Price Distribution (2019$/short ton) ....................................................................... 7-7
74.5 MW Solar Capital Costs Distribution (2019$/kW) .................................................. 7-8
50 MW Lithium-Ion 4-hour Battery Storage Capital Costs Distribution (2019$/kW) ..... 7-9
Advanced 2x1 Combined Cycle Capital Costs Distribution (2019$/kW) ......................... 7-9
Advanced Simple Cycle Frame CT Capital Costs Distribution (2019$/kW) ................... 7-10
Reliability Attribute Metrics and Results ...................................................................... 8-12
Affordability Attribute Metrics and Results .................................................................. 8-13
Sustainability Attribute Metrics and Results ................................................................ 8-14
Resiliency Attribute Metrics and Results ...................................................................... 8-15
East Coast Hurricane Detailed Results .......................................................................... 8-16
West Coast Hurricane Detailed Results ........................................................................ 8-17
Gas Pipeline Disruption Detailed Results ...................................................................... 8-18
EIRP Key Findings .......................................................................................................... 8-19
Final Balanced Scorecard .............................................................................................. 8-19
Optimized Portfolio Build-Out (2020-2050).................................................................... 9-2
Optimized Portfolio Installed Capacity ........................................................................... 9-2
Optimized Portfolio CO2 Emissions Stochastic Distributions .......................................... 9-4
Percentage of Total Energy Generation (MWh) by Technology (2050) .......................... 9-5
Siemens PTI New Resource Technology Cost and Financial Assumptions ...................... A-3
Process for Developing Stochastic Distribution .............................................................. B-2
Flow Chart to Address Load Uncertainty ........................................................................ B-3
Gas Stochastics Development Process ........................................................................... B-5
Henry Hub and TranscoZ6-nonNY Volatility ................................................................... B-6
Process for Coal Price Stochastic .................................................................................... B-7
Technique to Develop CO2 Costs Distributions............................................................... B-8
Cross Commodity Correlations ....................................................................................... B-9
Capital Costs Stochastics Methodology ........................................................................ B-10

Unrestricted Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

ii

1. Executive Summary
Orlando Utilities Commission (OUC) operates as a statutory commission created by the
legislature of the State of Florida. Established in 1923, OUC – The Reliable One, Orlando’s
hometown utility, is the second largest municipal utility in Florida and 14th largest municipal
in the country, providing electric, water, chilled water and lighting services to approximately
250,000 customers in Orlando, St. Cloud and parts of unincorporated Orange and Osceola
counties. OUC consists of five members, including the Mayor of the City of Orlando, who is an
ex-officio member. Members must be OUC customers and at least one member must reside
outside the City of Orlando limits in the unincorporated area of Orange County.
OUC’s long history of Sustainability was reinforced in February 2020 when the utility adopted
a new strategic plan. As part of its strategic commitments, OUC will continue to make
significant investments in energy innovation – particularly in solar, energy storage, electric
vehicles (EVs), energy efficiency and conservation through 2030.
•

OUC has committed $420 million to solar technology. Further commitments include
investing an additional $90 million in energy storage. As part of these investments, OUC
has already committed to providing 270 megawatts of solar energy to customers.
Additionally, OUC will support the development of distributed solar generation and
energy storage.

•

$45 million has been committed to innovative electrification programs including support
for e-buses, dealership programs, and additional EV charging stations, bringing OUC’s
total installed charging stations from 200 currently to nearly 300 by Spring 2021 –
maintaining Orlando’s position as one of the Top 10 most-EV ready cities in the nation1.

•

OUC expects to meet energy efficiency savings of 1% of retail sales in 2020 and is
committed to 1% savings in 2021 as well through customer and supply side programs.
OUC has a $30 million investment planned in customer-sided energy efficiency and
conservation efforts by 2030, including enhancements to low-income programs and
technology solutions. This level of spending is consistent with the past ten years.
Additionally, OUC has committed to initiating an in-depth energy efficiency optimization
study in 2021.

•

OUC must plan to generate enough energy to meet demand at all times. Therefore, a
conservative forecast for EE and rooftop solar was used in the EIRP because OUC can
incentivize but cannot mandate actual customer investment in those programs. Goals for

1

In 2012, Orlando was named one of the Top 10 Most EV-Ready Cities in the U.S. by PlugShare, a mobile app that helps EV owners
find charging stations. In summer 2020, Orange County was recognized in a report presented by the League of Women Voters in
Florida as one of five “top tier” counties for EV readiness. Rankings were based on four measures, including percent of EV sales
compared to total registered cars and trucks, charging and fast-charging infrastructure, and policy.
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distributed generation or energy efficiency are set and approved with the Board through
other efforts.
OUC Management recommends significantly reducing coal-fired generation no later than
2025 and eliminating it no later than 2027, using coal-to-gas conversion as a technology
bridge, positioning solar as the main source of new energy, investing in energy storage, and
leveraging other future clean technologies. The resulting recommendation balances the key
Attributes of Affordability, Reliability, Resiliency and Sustainability.

1.1 Situation
To prepare for a clean energy future, OUC has taken another critical step by finalizing its 2020
Electric Integrated Resource Plan (EIRP).

The EIRP Process
The EIRP is an energy roadmap to 2050 that guides how OUC generates and supplies electricity
in a way that balances Affordability, Reliability, Resiliency and Sustainability interests.
Currently, OUC relies on a diverse fuel mix of coal, natural gas, nuclear, solar and landfill gas.
As confirmed by the OUC Board in February 2020’s public strategy workshop, and in furthering
OUC’s decades-long commitment to Sustainability, the utility pledged to achieve Net Zero CO2
Emissions by 2050, as well as interim targets of 50% CO2 emissions reduction by 2030 and
75% by 2040 compared to 2005 levels2. OUC’s Net Zero CO2 Emissions by 2050 commitment
directionally aligns with City of Orlando Mayor Buddy Dyer’s 2017 proclamation to achieve
100% renewable energy generation for Orlando by 2050.
EIRPs are standard, responsible, due-diligence practices for utilities that typically look across
a 20-year horizon, as driving forces in the energy industry change. However, OUC extended
the time horizon to 30-years to explore the feasibility of 100% renewable generation. With
stakeholder engagement at its core, the EIRP process considers factors affecting power
generation and transmission – from individual customer needs to broader issues such as the
utilization of existing assets and resources, advances in renewable energy technologies, and
potential events that could impact energy supply and demand (e.g., government regulations,
hurricanes, etc.).

Considerations
Florida-specific factors were taken into consideration because renewable resources are
limited relative to other regions in the country. Currently, wind, hydroelectric and geothermal
are not economically and/or technically viable in Florida – and biomass and landfill gas, while
possible resources, are available only in small quantities3. That leaves the state’s utilities with
one feasible renewable asset: sunshine – which poses its own challenges. With solar power,
Data from 2005 is a widely used baseline, including in the 2018 Paris Agreement. OUC’s CO2 Emissions in 2005 is 7.72
million tons.
2

3

U.S. Energy Information Administration, Florida: State Profile and Energy Estimates – Analysis

1-2

Unrestricted

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

electricity is not produced at night or at scale on cloudy days. With an average of 277 partly
cloudy days4 per year in Orlando – nearly 76% of the year – intermittency is a concern, and
backup resources are necessary to ensure that power is always available.
Transmission infrastructure, which facilitates the transfer of high-voltage energy between
Florida and the rest of the country, is a major component when considering Resiliency of the
system. Largely due to Florida being a peninsula, the state can import energy only from its
northern border. Unlike many other states where there are multiple paths to receive highvoltage energy, Florida has a lower overall import capacity. Compared to California, which has
physical capacity to import 20% of its power, Florida has a lower overall transmission import
capacity of approximately 6% of total forecast summer peak load in 20205.
These realities restrict Florida’s renewable energy portfolio until further technology
advancements and additional transmission access alter the landscape. To combat these
limitations, as shown in the utility’s strategic commitments in the prior section and the
following recommendation, OUC is investing in a variety of sustainable solutions to propel
Central Florida toward a cleaner and greener future.
This document summarizes the EIRP methodology, process, and findings that led to OUC
Management’s recommended clean energy roadmap to generate and supply electric power
to the community while achieving the Net Zero CO2 Emissions by 2050 goal.

1.2 Future Challenges and Opportunities
The transition from a fossil-based generating portfolio to a clean portfolio introduces both
challenges and opportunities:
•

Intermittency: As intermittent energy resources, such as solar, expand their viability as
primary energy generation sources, OUC must take steps to ensure energy sufficiency by
adding more energy storage and portfolio diversity.

•

Rate Competitiveness: The cost, maturity and availability of technology advancements
and supporting infrastructure must be balanced to ensure Affordability is maintained.

•

Limited Energy Diversity: Unlike other parts of the country, Florida’s only viable
renewable option is solar energy6 – although wind-by-wire generation may become more
widely available in the future. OUC will continue to evaluate and monitor emerging clean
technologies, such as hydrogen, offshore wind and small modular nuclear power plants.

•

Transmission: OUC will have greater reliance on transmission infrastructure. As a result,
greater geographical diversity of renewable energy will be required to minimize the risk

4

National Oceanic and Atmospheric Administration – Cloudy and Sunny Days Analysis

Various studies and reports presented at the Florida Reliability Coordinating Council (FRCC) regarding the
Florida/Southern 500kV Interconnection and FRCC regional load forecasts
6“Florida has few other renewable energy assets. The state has no significant wind resources and no installed utilityscale wind power generating capacity, although some wind power components are manufactured in Florida. Potential
for a small amount of additional hydroelectric generation exists in the northern part of the state that is not close to sea
level.” (Source: U.S. Energy Information Administration)
5
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of extreme weather, and generation diversity will need to remain part of the OUC
strategy.

1.3 EIRP Consultants
OUC engaged Siemens PTI to support the development of the EIRP and to evaluate a list of
energy portfolio “candidates” for the utility to consider. Siemens PTI developed and analyzed
seven possible Candidate Portfolios designed to provide sufficient energy to meet OUC
demand under expected conditions – and also achieve multiple Sustainability goals by 2050.
To determine the best resource mix for OUC, these portfolios were evaluated on the basis of
four key Attributes: Affordability, Reliability, Resiliency and Sustainability.
To facilitate the critical stakeholder engagement process for the EIRP, which was used to rank
the four key Attributes, OUC also engaged Essense Partners, an independent, national
marketing firm specializing in the energy sector.

1.4 Stakeholder Engagement
Key Points:
•
•

Community engagement included a wide variety of options for the community to provide
feedback.
A 12-member, independent, Advisory Council met multiple times, and after analyzing
community input, determined how key Attributes should be weighted: Reliability at 35%,
Affordability at 24%, Sustainability at 22% and Resiliency at 19%.

Stakeholder engagement is the foundation of the EIRP process. To ensure that OUC captured
a comprehensive vision for the community’s energy future, the EIRP included input from
stakeholders in Orlando, Orange County and St. Cloud. Stakeholders were represented
through a 12-member, independent Advisory Council nominated by elected officials and staff
from Orange County, the City of Orlando and the City of St. Cloud. Members represented a
cross-section of the community, composed of residential and commercial customers,
including community partners, environmental groups, OUC program participants, and Orange
and Osceola County residents. The Advisory Council met in November 2019, January 2020,
and virtually in March 2020.
An online survey received input from 1,377 participants. To increase community engagement,
five in-person community forums were held, generating additional feedback from 306
community members. Commercial customers were also engaged in a forum and interviews.
All forums offered education on the EIRP to provide participants with a basic level of
understanding and an opportunity to vote on the key Attributes. Essense Partners conducted
all forums and gathered and analyzed all voting data.
After gathering input from stakeholders, Essense Partners provided the voting data to the
Advisory Council and facilitated the group’s ranking of the key Attributes which determined
how they would be weighted when scoring the Candidate Portfolios. The Advisory Council
1-4
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rankings were: Reliability, with the most weight at 35%, Affordability at 24%, Sustainability at
22% and Resiliency at 19%.

Definitions of Key Attributes
•

Reliability: An electric system’s ability to effectively produce and deliver the energy
required by customers with minimal interruptions and consistent quality while
maintaining compliance.

•

Affordability: An electric system’s ability to produce and deliver energy at an affordable
cost with minimal price fluctuations.

•

Sustainability: An electric system’s ability to produce energy in a way that proactively
reduces pollution and impacts on the surrounding ecosystem.

•

Resiliency: An electric system’s ability to adapt to uncontrollable events (such as weather
extremes like hurricanes, major storms, heat waves, cloud cover, and other severe
weather events), maintain physical and cyber security, and quickly bounce back following
an interruption.

1.5 Objectives and Criteria
Key Points:
•
•
•

All Candidate Portfolios were analyzed for their ability to meet key Attributes of
Reliability, Affordability, Sustainability and Resiliency.
OUC reviewed seven Candidate Portfolios.
The Leading Portfolio meets OUC’s goal of Net Zero CO2 Emissions by 2050, as well as
interim targets of 50% CO2 emissions reduction by 2030 and 75% by 2040.

The main EIRP objectives were to develop a portfolio strategy that: 1) achieved the best
performance relative to the Attributes of Reliability, Affordability, Sustainability and
Resiliency required to meet the community’s future energy needs, and 2) met OUC’s strategic
Net Zero CO2 Emissions by 2050 goal, as well as interim targets of 50% CO2 emissions
reduction by 2030 and 75% by 2040.
Candidate Portfolios were developed using several different pathways and mathematical
optimization techniques to achieve these objectives. Siemens PTI then used these objectives
as guiding principles to develop, define and subsequently measure the performance of the
following seven Candidate Portfolios using stochastic simulations.
Net Zero CO2 2050 Portfolio – designed to test a portfolio that achieves Net Zero CO2
emissions by 2050.
100% Renewable by 2050 Portfolio – designed to test the performance of a 100% renewable
OUC generation fleet by 2050.
Coal Retirement 2022/2026 Portfolio – designed to test retiring a Stanton coal unit in 2022
and the other in 2026, replacing that capacity with renewables and energy storage only, based
Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.
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on the Synapse Energy Economics Report (August 2018)
completed by Synapse Energy Economics.

a review of the U.S. electric system

Gas Conversion 2026/2029 Portfolio – designed to test converting a Stanton coal unit to
natural gas in 2026 and the other in 2029.
Gas Conversion 2036/2040 Portfolio – designed to test converting a Stanton coal unit to
natural gas in 2036 and the other in 2040.
Wind-by-Wire Portfolio – designed to test the impact of out-of-state wind capacity late in the
forecast horizon.
Modular Nuclear Portfolio – designed to test the impact of adding modular nuclear capacity.
In addition to the Net Zero CO2 Emissions reduction by 2050 goal, each Candidate Portfolio
was evaluated and ranked based on the four key Attributes using specific metrics for each:
•

Reliability: Each portfolio was designed to meet or exceed the Reliability requirement of
100% energy sufficiency under expected conditions without reliance on neighboring
utilities. Additionally, Siemens PTI measured this Attribute using metrics related to the
first year of energy shortages, which occur when customer demand exceeds available
supply resources (due to significant cloud cover during highest demand week occurring in
August). The second metric is the technology diversity of the portfolio at the end of the
forecast horizon.

•

Affordability: To measure each Candidate Portfolio for Affordability, Siemens PTI used
metrics related to the portfolio costs of generation and transmission, including fixed cost
recovery, and the uncertainty of those costs over the 30-year planning horizon.

•

Sustainability: Siemens PTI measured this Attribute by determining the probability of
meeting the Net Zero CO2 Emissions reduction by 2050 goal and interim targets, as well
as the percentage of clean (non-CO2 emitting technologies) energy generation in 2050.

•

Resiliency: To measure each portfolio for Resiliency, Siemens PTI used scenario analysis
that simulated system shocks such as hurricanes and gas pipeline disruptions, as well as
metrics related to energy shortages.

The performance of the portfolios across all metrics is summarized in the Balanced Scorecard
(Exhibit 1). Numerical scores indicate how each portfolio was ranked (where 1 is the best, and
8 is the worst) relative to other portfolios on a given metric. The final score is the weighted
average ranking using the weights provided by the Advisory Council (Reliability, 35%;
Affordability, 24%; Sustainability, 22%; Resiliency, 19%).

1-6
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Exhibit 1:

Final Balanced Scorecard

Source: Siemens PTI

While the Balanced Scorecard ranked Gas Conversion 2026/2029, Gas Conversion 2036/2040
and Modular Nuclear as the most favorable Candidate Portfolios across the four Attributes,
only Gas Conversion 2026/2029 accomplishes the Sustainability Attribute of achieving the Net
Zero CO2 Emissions by 2050 goal, as well as interim targets of 50% CO2 Emissions reduction
by 2030 and 75% by 2040. As a result, it became the “The Leading Portfolio.” The overall EIRP
Process is shown in Exhibit 2.

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.
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Exhibit 2:

Overall EIRP Process

Source: Costa, Siemens PTI
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1.6 OUC Management Clean Energy Roadmap
Recommendation:
The Optimized Portfolio
Key Points:
•
•

The Leading Portfolio was further refined into The Optimized Portfolio.
This refinement meets OUC’s Sustainability goals at the best value and increases levels of
Reliability and Resiliency by limiting investments in new gas-fired generation and avoiding
stranded costs.

Building upon the strengths of the Leading Portfolio, the Optimized Portfolio delivers on
several key objectives including earlier coal retirement dates, accomplishment of interim Net
Zero CO2 Emissions, avoidance of stranded costs and long-term enhanced generation
diversity.
The Balanced Scorecard was used as a guide for determining The Optimized Portfolio by
including strategies that scored well and insights that were gained in the analysis of the
Candidate Portfolios.
Exhibit 3:

Leading Portfolio and Optimized Portfolio Comparison

Source: Costa

The elements of the strategy, along with the insights and validating metrics, allow OUC to
achieve Net Zero CO2 Emissions by 2050 goal, as well as interim targets of 50% CO2 emissions
reduction by 2030 and 75% by 2040, in directional alignment with the City of Orlando Mayor’s
goals, while striking a balance of the four key Attributes – Reliability, Affordability,
Sustainability and Resiliency.
Specifically:
•

7

Significantly reducing coal-fired generation no later than 2025 and eliminating it no later
than 2027. The C.D. McIntosh Unit 3, a 340-megawatt, primarily coal-fired unit in
Lakeland, Florida, is expected to shutter by the end of 20247. Both Stanton coal-fired units
OUC owns a 40% share of this unit, which came online in 1982 and is operated by Lakeland Electric.
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will be converted from coal to natural gas. The natural gas conversion units would be
retired no later than 2040 to achieve greater Sustainability and avoid stranded costs.
•

Accelerating solar and energy storage as primary strategies. Energy storage technologies
will be used to provide energy during non-solar energy production periods.

•

Leveraging future clean technologies to ensure energy diversity for Reliability.
According to the EIRP analysis, the addition of wind-by-wire generation would greatly
reduce the amount of solar and energy storage required to achieve energy sufficiency.
Like solar, wind is an intermittent resource, but is highly complementary to solar
generation. Generally, energy from wind resources is also available at different times of
day than solar, which is important for Reliability and Resiliency. While wind energy is
currently not available for import into OUC’s service territory due to transmission
constraints, it is anticipated to be an option as access to transmission lines from the
Midwest expand. OUC should continue to monitor its availability, along with other
emerging clean resources such as hydrogen, offshore wind and small modular nuclear
power plants.

•

Striving to maintain competitive rates while achieving strategic goals. Advancements of
this magnitude require significant investments. However, The Optimized Portfolio
delivers the best value. Gas conversion capital costs are 5-10% of the cost of a new
combined cycle gas plant, allowing for OUC to retire converted gas-fired units by 2040.
OUC should continue to monitor performance developments and technology
enhancements for new and existing clean technologies, such as hydrogen and small
modular reactors, to ensure the highest performance relative to the key Attributes.
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Exhibit 4:

Optimized Portfolio Energy Resource Mix and CO2 Emissions

Source: Costa
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2. EIRP Overview
The EIRP is a comprehensive decision support tool and roadmap to aid OUC’s objective of
meeting its expected electric energy demand. The EIRP looks at a varying set of resources
(generation, storage, and demand side management) across Candidate Portfolios, subject to
changing market circumstances, to ensure the OUC system remains Reliable, Affordable,
Sustainable, and Resilient as well as flexible, diverse, and other more qualitative
considerations.

2.1 Background on Orlando Utilities Commission
OUC operates as a statutory commission created by the legislature of the State of Florida as
a separate part of the government of the City. Since 1923, OUC has provided residents and
businesses with reliable electricity. OUC’s charter allows it to undertake, among other things,
the construction, operation, and maintenance of electric generation, transmission, and
distribution systems to meet the requirements of its customers.
Established by a special act of the Florida Legislature, OUC—The Reliable One is the second
largest municipal utility in Florida and 14th largest municipal in the country. OUC provides
electric, water, chilled water and/or lighting services to approximately 250,000 customer
accounts in Orlando, St. Cloud and parts of unincorporated Orange and Osceola counties.
OUC is a member of the Florida Municipal Power Pool (FMPP), which consists of OUC,
Lakeland Electric (Lakeland), and the Florida Municipal Power Agency (FMPA) AllRequirements Project. Electrical power for OUC is generated by Stanton B, a unit owned
entirely by OUC, as well as units in which OUC maintains joint ownership and power
purchases. OUC’s available capacity as of January 1, 2020, including capacity from units
owned by OUC, St. Cloud’s entitlement to Stanton Energy Center Unit 2, and OUC’s current
power purchases (including natural gas, as well as landfill gas and solar resources), provides
total net summer capacity of approximately 1,877 megawatts (MW) and total net winter
capacity of approximately 1,902 MW8.
OUC operates within the SERC Reliability Corporation (SERC), which subsumed the Florida
Reliability Coordinating Council (FRCC) in July 2019. Siemens PTI’s analysis in this EIRP
included the broader, newer SERC region. Presently, OUC has ownership interests in four
electric generating plants. Appendix D summarizes OUC’s generating facilities:
•
•
•

Stanton Energy Center Units 1 and 2, A, and B
Indian River Plant Combustion Turbine Units A, B, C, and D
Lakeland Electric McIntosh Unit 3 (To be shuttered 12/1/2024 per Lakeland)

Net seasonal capacity ratings as of January 1, 2020. Includes capacity owned by OUC and St. Cloud, as well as OUC’s
contractual power purchases. All capacity references hereafter are shown as winter capacity ratings.
8
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•

Florida Power & Light Company (FPL)St. Lucie Unit 2 Nuclear Generating Facility

2.2 EIRP Central Considerations
Structured Approach
For each of the portfolio options, the EIRP followed a process designed to identify the
preferred course of action that balances the key Attributes of Reliability, Affordability,
Sustainability, and Resiliency, further discussed in Section 2.2.2.
Exhibit 5.

Overall EIRP Process

Exhibit 5 depicts the process followed to conduct this EIRP study.
Develop objectives, attributes, metrics and overall assumptions.
Identify resources that reasonably could be included in plans to meet the load including both
supply and demand-side resources (screening).
Produce a load projection through 2050 showing fuel costs, emission costs, technology costs
and performance (e.g. heat rates, capacity factors etc.) to be applied to the existing and new
resource options.
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Develop portfolios under the various parameters that meet certain pathways and conditions.
These portfolios follow each scenario or pathway and are used to perform additional risk
analysis that subjects each portfolio to a wide range of future outcomes.
Perform Stochastic Modeling through 200 iterations (range of uncertainties) for each
Candidate Portfolio to assess how well each portfolio performs under a range of market,
technology, and regulatory uncertainties.
Prepare a balanced scorecard using the objectives and metrics defined in step 1 to rank supply
options and select the Leading Portfolio.
Adjust the Leading Portfolio to produce the Optimized Portfolio.
Prepare a report with findings and recommendations for next steps.

Attributes
While Affordability is a key fundamental Attribute, the EIRP was centered on more than just
costs. Ultimately, the Leading Portfolio for OUC is one that performs best against all relevant
Attributes and metrics over a range of future conditions, while also accounting for nonanalytical, qualitative considerations. As with any integrated resource plan, there will be
tradeoffs between the competing objectives of Reliability, Sustainability, Affordability, and
Resiliency. Exhibit 6 summarizes the metrics used in the evaluation of Candidate Portfolios.
Exhibit 6:

EIRP Attributes and Definitions

ATTRIBUTES

DEFINITION

Reliability

an electric system’s ability to effectively produce and deliver the energy required by
customers with minimal interruptions and consistent quality while maintaining compliance.

Affordability

an electric system’s ability to produce and deliver energy at an affordable cost with minimal
price fluctuations.

Sustainability

an electric system’s ability to produce energy in a way that proactively reduces pollution
and impacts on the surrounding ecosystem.

Resiliency

An electric system’s ability to adapt to uncontrollable events (such as weather extremes
like hurricanes, major storms, heat waves, cloud cover, and other severe weather events),
maintain physical and cyber security, and quickly bounce back following an interruption.

Source: Siemens PTI

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

Unrestricted

2-3

EIRP Overview

Stakeholder Input
Essense Partners launched OUCRoadmap.com in May 2019 as the central stakeholder
engagement hub for the EIRP. OUC customers and stakeholders were directed to the
microsite to learn about the EIRP process and provide their input on the direction of the EIRP.
Website users were required to watch a short video detailing what an EIRP is, why OUC is
engaging in this process, and the importance of the four Attributes (Reliability, Resiliency,
Affordability, and Sustainability) before accessing the input form.
The input form for customers included both a ranked choice question and free-response
questions. The ranked choice question assessed the relative importance of four Attributes in
relation to OUC’s electric energy future. Free-response questions offered an area to address
any additional concerns and explanations for why the customer ranked the Attributes in the
order they chose.
Community members and stakeholders were also invited to a series of five, in-person
community forums, hosted in the Orlando and St. Cloud areas in December 2019 and January
2020. Participants were given a presentation by Essense and Siemens, based on the
information presented on OUCRoadmap.com, and were shown the video hosted on the
microsite. After the presentation and video, participants were given the same Attribute
ranking and free response questions as the ones on the microsite.
On January 29, a commercial forum was held at the Orlando Economic Partnership’s office in
downtown Orlando. To maintain consistency with residential community forums, commercial
customers were shown the same presentation given by Essense and Siemens and were shown
the same EIRP overview video. After watching the video, attendees were asked to rank the
four Attributes and provide justifications for their rankings. Concurrently, Essense conducted
one-on-one interviews with representatives from OUC’s key accounts, defined as the largest
commercial customers in terms of electric energy usage. Interviewees were asked to watch
the video prior to meeting with Essense. After discussing the purpose and goals of the EIRP,
interviewees then ranked the Attributes and provided justifications for their rankings.
The rankings and feedback from the online input form, the community forums, the
commercial forum and the key account interviews were then presented to the Advisory
Council. Throughout this process, Advisory Council members were also advised to engage with
members of the stakeholder groups they represented. Members were then asked to rank the
Attributes based on the input received from the four primary engagement opportunities and
from their own interactions with community members. The final Advisory Council vote was
given to Siemens as the stakeholder recommendation for Attribute weights.
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2.3 Strategies and Portfolios Analyzed
The overarching objective of this EIRP is to identify a portfolio of generation resources that
best aligns across all key OUC Attributes of Reliability, Affordability, Sustainability, and
Resiliency. Specifically, the Candidate Portfolios were designed to satisfy the two underlying
requirements: 100% reliable and meet OUC’s Net Zero CO2 Emissions target by 2050 under
expected conditions. The EIRP process was designed to adapt with the analysis, incorporating
updated market information, operational considerations, and logistical limits as available.
The process began with the development of a Calibration Portfolio, which served as a
business-as-usual (BAU) outlook of expected market conditions and expected load. The
Calibration Portfolio is based on the status quo of today’s policies and regulations, thus
serving as a benchmark to measure the performance of other portfolios that are designed to
meet potential policy and regulation goals.
Using the same load and market forecasts as in the Calibration Portfolio, the process then
advanced to the development of Pathways and Conditions to be evaluated in comparison with
the project goals. The defined pathways and conditions and the role they served in the
analysis are described in further detail in the section following.

Pathways and Conditions
To meet the objectives set out by this EIRP report, OUC and Siemens PTI developed multiple
pathways and conditions to provide the ability to observe different ways to meet these
objectives. Developing these pathways and conditions provides guidelines for the design of
the Candidate Portfolios.

Pathways
The 2050 Pathways in the original EIRP process included five potential Pathways:
Net Zero CO2 by 2050: Both CO2-free and CO2-generating resources are used.
100% Renewable Energy by 2050 w/ Intermediate Targets: Meets the City of Orlando’s
target of generating 100% renewable energy by 2050.
100% Renewable Energy by 2050 w/ Intermediate Targets including Nuclear: Same as
Pathway 2 but with Nuclear and Biomass included as potential resources.
100% Net Zero CO2 by 2050 (OUC+FL): Same as Pathway 1 but with all Florida Utilities
required to offset their CO2.
Stanton Plant Retirement (Stanton Phase-Out): Follows the first unaffiliated Synapse report
(circa 2018) that posits the retirement of the Stanton 1 coal unit and the Stanton 2 coal unit,
with only renewable energy and storage capacity allowed to backfill.
Using these five Pathways, the development process of the Candidate Portfolios was initiated.
Each Candidate Portfolio has a different capacity expansion build-out but ensures that it
Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.
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follows the requirements set out by at least one of the pathways described to achieve OUC’s
Sustainability targets. The process began by meeting the load outlook with a combination of
resources through an optimization process.

Conditions
The EIRP process included three potential future national market conditions, which were used
to guide the development of portfolios for evaluation.
High Technology: In this future, technology advances lead to substantial demand growth;
breakthrough advances in renewable energy and storage technologies incentivize and
catalyze deployment, reducing the need for backup dispatchable gas and leading to increased
coal retirements.
Low Economy/High Regulation: In this future, heavy regulations on CO2 and fossil fuels lead
to high CO2, natural gas, and coal costs, more coal retirements, an acceleration of renewable
energy via mandates, and a low level of load growth from a sluggish economy.
High Economy/Low Regulation: In this future, no significant U.S. regulations are
promulgated. Economic growth and load growth are relatively robust. Natural gas prices rise
with strong load growth, and coal retirements are extended, which creates headwinds for
renewable energy deployment.

Portfolios
Together, these five Pathways and three conditions were the basis for developing and
optimizing a total of seven Candidate Portfolios shown in Exhibit 7.
Exhibit 7:

Calibration and Candidate Portfolios

Source: Siemens PTI

Calibration Portfolio
The Calibration Portfolio serves as a BAU portfolio which is used to benchmark the metrics of
the Candidate Portfolios. Since this is a BAU case, it does not account for meeting Net Zero
CO2 Targets. This portfolio mainly adds natural gas capacity as well as some solar and energy
2-6

Unrestricted

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

storage. These resources were chosen following economics and portfolio diversity incentives.
Similar to the Candidate Portfolios, the Calibration Portfolio is able to serve all of OUC’s load
without having to rely on any purchases or sales under expected conditions. Most of the costs
that occur in this portfolio are a result of the capital costs from building the natural gas-fired
units, as well as the infrastructure needed to increase the natural gas transportation for the
added natural gas capacity. One aspect that differentiates this portfolio from the Candidate
Portfolios is that the reserve margin remains relatively low throughout the whole forecast.
Also, this portfolio maintains the Stanton coal units, keeping the costs low compared to other
portfolios that replace the coal units with renewable energy or convert the units to natural
gas-fired units. The portfolio build-out is outlined in Exhibit 8 with a detailed break-out of the
2020-2030 timeframe.
Exhibit 8:

Calibration Portfolio Build-Out (2020-2050)

Source: Siemens PTI

To gain a better understanding of the resource diversity within the Calibration portfolio,
Exhibit 9 provides the installed capacity in 2030, 2040, and 2050. As Exhibit 9 shows, the
Calibration Portfolio manages to maintain a highly diverse portfolio with each technology
representing a balanced portion of the total capacity mix. The total added capacity for each
technology within the forecast time frame is: 996 MW solar, 480 MW Storage, 1,010 MW
natural gas-fired capacity. The retirements for this portfolio per technology are: 209 MW solar
(PPAs expiration), 360 MW natural gas-fired plant (Stanton A PPA expiration), 144 MW coal
plant (OUC’s CD McIntosh portion).
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Exhibit 9:

Calibration Portfolio Installed Capacity

Source: Siemens PTI

Net Zero CO2 by 2050
The Net Zero CO2 by 2050 Portfolio retires the Stanton 1 and 2 coal units in 2036 and 2040.
Solar and storage additions are utilized to replace the capacity lost from retiring the Stanton
coal units. As Exhibit 10 shows, when a dispatchable fossil-fuel fired unit is retired, the
amount of solar and storage capacity needed to counter the loss in capacity far exceeds the
capacity lost from the retirement of the fossil units. Solar energy is an intermittent resource
for electricity generation, so it is not a one-to-one replacement for fossil plants. Energy
storage can be utilized to capture solar energy and dispatch it later in the day when solar
energy is not available. However, to have excess energy to charge the battery storage, extra
solar capacity is built with the sole purpose to charge the battery storage. Additionally, for
this analysis, the battery storage units are able to store 4 hours of energy, requiring extra
storage capacity to ensure that all demand during non-solar hours is served. This trend drives
up the reserve margin of the portfolio, making the reserve margin a less important metric to
ensure energy sufficiency in high renewable/storage portfolios. This trend can be observed in
all Candidate Portfolios discussed in this EIRP report.
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Exhibit 10:

Net Zero CO2 by 2050 Portfolio Build-Out (2020-2050)

Source: Siemens PTI

Because the Net Zero CO2 by 2050 Portfolio retires the Stanton coal units to meet the Net
Zero CO2 target, the portfolio ends up with a much less diverse portfolio build-out. Exhibit 11
shows the installed capacity by technology within this portfolio. In 2030, when the coal units
are still online, the portfolio mix remains diverse with each resource representing a fair
balance of the resource mix. The total added capacity per technology for this portfolio is:
8,452 MW solar, 5,280 MW storage. The retirements per technology for this portfolio are:
290 MW solar (PPAs), 360 MW natural gas-fired plant (Stanton A PPA), and 801 MW coal
(OUC’s portion of CD McIntosh and Stanton 1 and 2).
Exhibit 11:

Net Zero CO2 by 2050 Portfolio Installed Capacity

Source: Siemens PTI

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

Unrestricted

2-9

EIRP Overview

100% Renewable by 2050
The 100% Renewable by 2050 Portfolio retires all the fossil, nuclear, and landfill gas units by
2050. However, compared to the Net Zero CO2 by 2050 Portfolio, this portfolio maintains both
coal units until 2040. OUC’s portion of the St. Lucie power plant is retired (or sold) by 2043.
The Stanton A and B combined cycle units are retired by 2044 and 2048, respectively. Finally,
the Indian River gas peaker units are retired by 2049. Thus, by 2050 this portfolio operates
solely solar and storage capacity. As a result, by the end of the forecast the reserve margin
increases by almost 300%.
Exhibit 12:

100% Renewable by 2050 Portfolio Build-Out (2020-2050)

Source: Siemens PTI

Since the 100% Renewable by 2050 Portfolio is only able to utilize solar and storage capacity
to back-fill the retirement of coal, gas, nuclear, and landfill gas, the portfolio ends up with a
build-out much less diverse than all other Candidate Portfolios by 2050 (Exhibit 13). Similar
to the Net Zero CO2 by 2050 Portfolio, this portfolio maintains a diverse portfolio in 2030.
However, after the retirements of the Stanton coal units we can observe the impact on the
diversity of the portfolio in 2040. By 2050, the only resource within the portfolio technology
mix are solar and storage. The capacity additions per technology for this portfolio are: 10,315
MW solar and 7,880 MW storage. The capacity retirements per technology for this portfolio
are: 290 MW solar (PPAs), 875 MW gas-fired (Stanton A PPA, OUC’s portion of Stanton A and
B, Indian River peaker units), and 801 MW coal (OUCs portion of CD McIntosh and Stanton 1
and 2 coal units).
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Exhibit 13:

100% Renewable by 2050 Portfolio Installed Capacity

Source: Siemens PTI

Coal Retirement 2022/2026
The Coal Retirement 2022/2026 Portfolio is based on the August 2018 report conducted by
Synapse. In Synapse’s report, the Stanton 1 coal unit is retired in 2020 and the Stanton 2 unit
is retired soon thereafter. For this EIRP report, Stanton 1 and Stanton 2 are retired by 2022
and 2026. The only technologies used to replace the coal units are solar and storage capacity.
Because this portfolio retires the coal units without converting them to natural gas, we
observe a heavy storage and solar build-out early in the forecast. Since this portfolio only
retires Stanton 1 and 2, the expected retirement of CD McIntosh Jr. 3 coal unit by 2024 and
the expiration of the Stanton A PPA in 2032, the required solar and storage build-out is lower
than the 100% Renewable by 2050 Portfolio. Exhibit 14 shows the build-out of the Coal
Retirement 2022/2026 Portfolio with a detailed build-out for the 2020-2030 timeframe, as
well as a high-level overview of the capacity changes from 2030-2050.
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Exhibit 14:

Coal Retirement 2022/2026 Portfolio Build-Out (2020-2050)

Source: Siemens PTI

The Coal Retirement 2022/2026 Portfolio retires the coal units early and replaces them with
storage and solar capacity, thus impacting the resource diversity of the portfolio early in the
forecast (Exhibit 15). By 2030, most of the capacity remaining in the portfolio consisting of
solar and storage (80%). The capacity additions for this portfolio per technology are: 9,868
MW solar and 5,660 MW storage. The retired capacity per technology for this portfolio is: 290
MW solar (PPA), 360 MW gas-fired (Stanton A PPA), and 801 MW coal (OUC’s portion of CD
McIntosh and Stanton 1 and 2).
Exhibit 15:

Coal Retirement 2022/2026 Portfolio Installed Capacity

Source: Siemens PTI
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Gas Conversion 2026/2029
Like the Net Zero CO2 by 2050 Portfolio, the Gas Conversion 2026/2029 Portfolio is designed
to achieve the Net Zero CO2 target by 2050. Using this logic, the Gas Conversion 2026/2029
Portfolio maintains some dispatchable fossil-fuel fired capacity, significantly reducing the
required solar and storage builds to meet OUC’s load.
In this portfolio the Stanton coal units are converted to natural gas-fired power plants. OUC
will be required to retire the Stanton A and Stanton B natural-gas-fired combined cycles by
2050 to meet its Net Zero CO2 goal by 2050. This means that by the end of the forecast, the
only fossil fuel units that remain in operation are the Indian River gas peaker units and the
converted Stanton 1 and Stanton 2 units. OUC’s portion of St. Lucie (60MW nuclear) and the
landfill gas PPA’s remain operational as well. Exhibit 16 shows a detailed portfolio build-out
graphic for the 2020-2030 timeframe and a high-level overview of the capacity changes
thereafter for the Gas Conversion 2026/2029 Portfolio.
Exhibit 16:

Gas Conversion 2026/2029 Portfolio Build-Out (2020-2050)

Source: Siemens PTI

Similar to the Net Zero CO2 by 2050 Portfolio, the Gas Conversion 2026/2029 Portfolio is
allowed to maintain some fossil-fuel fired capacity, as long as the emissions from these
resources remain below the levels allowed through the CO2 offsets. Regardless of the
flexibility, this portfolio has a relatively low diversity throughout the forecast period (Exhibit
17). In 2030, the resource diversity is low, with 96% of the capacity installed as solar and
natural gas-fired resources. This portfolio can maintain a relatively low storage capacity in
2030 because the converted units can serve load in hours when solar is unavailable. In 2040,
more storage capacity is added due to a combination of the loss of the Stanton A PPA and an
increase in load compared to 2030. This results in a more diverse resource mix compared to
Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.
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2030, although solar remains the dominating resource. Ultimately, in 2050, the gas capacity
is reduced even further to meet the 2050 Net Zero CO2 target and is replaced with storage
and solar capacity.
The overall capacity additions within this portfolio per technology are: 7,335 MW solar, 3,390
MW storage, and 693 MW natural gas-fired capacity. The retirements within this portfolio per
technology are: 290 MW solar (PPAs), 880 MW gas-fired (Stanton A PPA and OUC’s share of
Stanton A and B), and 801 MW coal (OUC’s portion of CD McIntosh and Stanton 1 and 2).
Exhibit 17:

Gas Conversion 2026/2029 Portfolio Installed Capacity

Source: Siemens PTI

Gas Conversion 2036/2040
This portfolio is similar to the Gas Conversion 2026/2029 Portfolio in many ways. It converts
the Stanton coal units to use natural gas as their main fuel but pushes the conversion of these
units back to 2036 and 2040. Since this portfolio maintains the coal-fired capacity of Stanton
1 and 2 through the early 2030s, it runs a higher risk of violating the emission reduction
targets, especially the 2030 target.
Because this portfolio follows the same logic as the Gas Conversion 2026/2029 Portfolio,
Siemens PTI observes an identical capacity build out by the end of 2050. The main difference
observed between the two gas conversion portfolios, is the timing of the solar and storage
builds.
Exhibit 18 shows the detailed portfolio build-out of the Gas Conversion 2036/2040 Portfolio
for the 2020-2030 timeframe, as well as a high-level view on the capacity changes for 20302050.
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Exhibit 18:

Gas Conversion 2036/2040 Portfolio Build-Out (2020-2050)

Source: Siemens PTI

Shown in Exhibit 19, this portfolio maintains a diverse portfolio in 2030 because the coal units
are not converted. Most of the capacity in 2040 consists of solar and storage and a greater
amount of these resources are installed compared to the Gas Conversion 2026/2029 Portfolio.
To meet the 2050 100% Net Zero CO2 target, this portfolio retires the Stanton A and B units
by 2050. By 2050, the technology mix is identical to the Gas Conversion 2026/2029 Portfolio.
The installed capacity per resources is: 7,335 MW solar, 3,390 MW storage, and 693 MW gasfired capacity. The retirements within this portfolio are: 290 MW solar (PPAs), 880 MW gasfired (Stanton A PPA and OUC’s share of Stanton A and B), and 801 MW coal (OUC’s portion
of CD McIntosh and Stanton 1 and 2).
Exhibit 19:

Gas Conversion 2036/2040 Portfolio Installed Capacity

Source: Siemens PTI
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Wind-by-Wire
The Wind-by-Wire Portfolio retires the Stanton 1 and Stanton 2 coal units by 2036 and 2040.
However, this portfolio allows for replacing the fossil units with solar and storage, as well as
the potential for wind-by-wire from the Midcontinent Independent System Operator (MISO)
region. The addition of wind capacity provides a resource with the ability to generate
electricity when solar energy is unavailable. By adding the wind resource, less solar is
required, and the reserve margin is reduced significantly compared to the Net Zero CO2 by
2050 Portfolio. This portfolio shows the benefits of decreasing the reliance on solar and
storage to back-fill the loss of fossil fuel capacity. Exhibit 20 shows a detailed portfolio buildout for the 2020-2030 time frame, as well as a high level overview of capacity changes in
2030-2050 for the Wind-by-Wire Portfolio.
Exhibit 20:

Wind-by-Wire Portfolio Build-Out (2020-2050)

Source: Siemens PTI

Since the coal units are retired in 2036 and 2040, this portfolio observes a balanced resource
diversity in 2030, shown in Exhibit 21. By 2040, the coal units are retired and most of the
capacity installed is solar and battery storage. Additionally, 100 MW of wind capacity is
brought in from the MISO region to partially replace the capacity lost from the coal unit
retirements. By 2050, 500 MW of wind capacity is brought in from the MISO region to improve
the resource diversity of this portfolio. The installed capacity per resource over the forecast
horizon is: 5,398 MW solar, 3,780 MW storage, and 500 MW wind. The retirements within
this portfolio are: 290 MW solar (PPAs), 360 MW gas-fired (Stanton A PPA), and 801 MW coal
(OUC’s portion of CD McIntosh and Stanton 1 and 2).

2-16

Unrestricted

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

Exhibit 21:

Wind-by-Wire Portfolio Installed Capacity

Source: Siemens PTI

Modular Nuclear
The Modular Nuclear Portfolio retires the Stanton 1 and Stanton 2 coal units by 2036 and
2040. However, this portfolio allows for replacing the fossil units with solar and storage, as
well as adding a small modular nuclear reactor (SMR) (for more details about SMR, see Section
5.2.6). Specifically, a 570 MW SMR unit is installed in 2036, essentially replacing the capacity
lost from the retirement of the Stanton 1 and 2 coal units. Adding this dispatchable non-CO2
emitting resource significantly decreases the solar and storage capacity required to serve
OUC’s load while still meeting the Net Zero CO2 targets. Furthermore, this results in the
Modular Nuclear Portfolio requiring the least amount of solar and storage builds, out of all
Candidate Portfolios. Exhibit 22 shows a detailed portfolio build-out for the whole forecast
horizon.
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Exhibit 22:

Modular Nuclear Portfolio Build-Out (2020-2050)

Source: Siemens PTI

Shown in Exhibit 23, this portfolio has a very similar capacity build out compared to some of
the other Candidate Portfolios and maintains a well-balanced resource diversity, using coal,
gas, solar, storage, and nuclear in 2030. By 2040, the Stanton 1 and 2 coal units are retired
and replaced by the SMR. Although the coal units are retired, the resource diversity in this
portfolio remains fairly balanced, with solar making up half the capacity installed while
storage, nuclear, and gas-fired capacity evenly splitting up the other half of installed capacity.
By 2050, a little more than half of the capacity installed is solar, but the technology resource
diversity remains more balanced compared to some of the other Candidate Portfolios. The
installed capacity per resource over the forecast horizon is: 4,280 MW solar, 2,430 MW
storage, and 570 MW nuclear. The retirements within this portfolio are: 290 MW solar (PPAs),
360 MW gas-fired (Stanton A PPA), and 801 MW coal (OUC’s portion of CD McIntosh and
Stanton 1 and 2).
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Exhibit 23:

Modular Nuclear Portfolio Installed Capacity

Source: Siemens PTI

2.4 Attributes and Metrics
As previously mentioned, the key Attributes considered in this EIRP are Reliability,
Affordability, Sustainability, and Resiliency. Since these Attributes are somewhat competitive
in nature, it is important to establish different metrics to measure the performance across
these Attributes to properly analyze the performance of each portfolio on these Attributes.
The metrics established for analyzing these Attributes are further described below.

Reliability
The Advisory Council determined that Reliability is the most important Attribute and
weighted highest across the four Attributes. Consequently, each Candidate Portfolio was
designed to be self-sufficient and able to serve all of OUC’s load throughout the forecast
period without relying on purchases from neighboring utilities under expected conditions. To
distinguish the degree of Reliability between each Candidate Portfolio, two metrics are used
for the Reliability Attribute.

Cloud Cover Analysis
Siemens PTI developed an analysis to determine the first year the portfolio could have
insufficient energy during a period of very high cloud cover. Specifically, the cloud cover
analysis degraded the solar output by 70%. This analysis evaluates the total generating
capacity in each hour of the test period to determine if a shortage of capacity exists in any
hour with solar output reduced by 70%. The first year of the forecast period where there is
insufficient energy in any hour to meet demand is identified.

Technology Diversity 2050
The second metric established for the Reliability Attribute is the technology diversity at the
end of the forecast. This metric was chosen because, in general, a system is expected to be
more reliable if it has a greater number of generating technologies.
Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.
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Affordability
The Advisory Council deemed the Affordability Attribute to be the second most important
Attribute. For the Affordability Attribute, there are two metrics considered: the mean present
value of portfolio costs and the uncertainty of those costs. Two periods are considered for
each of these metrics. The first ten years, and the entire forecast period.

Present Value of Costs
The present value is the value of future portfolio costs discounted to 2020 based on a 6.3%
discount rate, which is a weighted average between OUC’s debt and equity percentages. This
considers the time value of money; the generally accepted financial theory that near-term
cash flows have greater value than future cash flows.

Uncertainty of Costs
The second metric for the Affordability Attribute is the uncertainty around the present value
of costs. Since the stochastic analysis (further discussed in Section 7) provides a broad range
of market outcomes, cost uncertainty can be measured as the standard deviation of costs
over that range. The standard deviation measures the amount of dispersion of costs over that
range over the forecast period.

Sustainability
The Sustainability Attribute was voted as the third most important by the Advisory Council.
Metrics associated with the Sustainability Attribute calculate the probability of meeting Net
Zero CO2 emissions targets as well as the clean energy percentage in 2050.

Probability of Meeting Net Zero CO2 Targets
Through the stochastic analysis, Siemens PTI measured the likelihood that each Candidate
Portfolio would achieve the Net Zero CO2 emissions targets. The portfolios with the highest
probability of meeting the target in 2030, 2040 and 2050 score the best across these metrics.

Clean Energy Generation in 2050
This metric is calculated as a percentage of clean generation compared to the overall
generation within the portfolio in 2050. Clean energy is defined as either a renewable
resource (solar or wind), nuclear energy, or generation coming from landfill gas.

Resiliency
Metrics for the Resiliency Attribute measure the amount of unserved energy 9 during the
highest two-week load period in August of 2025, 2035, and 2045, during stressed conditions.

9

Unserved energy is energy demand that cannot be provided by available generation resources.
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The low probability, high outcome events that were used to test each Candidate Portfolio’s
Resiliency are described below.

East Coast Hurricane Scenario
This scenario is developed to represent how OUC is affected when a major hurricane hits the
East coast of Florida. In this scenario, the hurricane causes multiple fossil-fuel powered plants
to shut down to prevent catastrophic damage as well as a decrease in solar output. The effect
of the hurricane scenario on the OUC plants is shown in
Exhibit 24. The red in the table on the left means that all OUC plants in that technology
category are taken offline according to the percentages described in the table on the right.
The black color in the table to the left means that there is no technology available in the
portfolio during that year. The green color means that the technology in this year is not
affected by the hurricane scenario. Additionally, the following power plants are taken offline
in areas outside of OUC: Sanford, Cape Canaveral, St. Lucie impacting OUC’s ability to
purchase energy from other utilities.

Gas

Conv.

Nuclear

Coal

Wind

2025
2035
2045
2025
2035
2045
2025
2035
2045
2025
2035
2045
2025
2035
2045

OUC
Optimized
Portfolio

Modular
Nuclear

Wind-by-Wire

Gas
Conversion
2036/2040

East Coast Hurricane Methodology10
Gas
Conversion
2026/2029

Coal
Retirement
2022/2026

100%
Renewable by
2050

Net Zero CO 2
by 2050

OUC Units Only

Calibration

Exhibit 24:

1st
Week
100%
offline

2nd
Week
50%
offline

Conv.

50%
offline

25%
offline

Nuclear

100%
offline

50%
offline

Coal

50%
offline

25%
offline

Wind

n/a

n/a

Solar

75%
offline

50%
offline

n/a

n/a

Technology
Gas

*

Storage

Source: Siemens PTI

West Coast Hurricane
This scenario is similar to the East Coast Hurricane scenario since it observes a hurricane that
hits the West Coast of the Florida peninsula. Since OUC is located closer to the East side of
Florida, this scenario has less of an impact on the OUC plants. Because of this, all the colors
in the table on the left in Exhibit 25 are green, meaning that the plants within that technology
remain operating as they would under normal conditions. The assumption made about the
effect a hurricane has on solar output is shown in the table on the right. However, there are
The black dot in the table to the right indicates that in the 100% Renewable by 2050 retires a Stanton gas-fired unit
by 2044 so it already has less gas capacity around in 2045 compared to the other portfolios.
10
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more plants affected in the rest of Florida further hampering OUC’s ability to purchase energy
from other. The Florida plants affected by this hurricane scenario are Hines Energy Complex,
Bayside, Intercession, Anclote, P L Bartow, Larsen, Cane Island, Manatee, Tiger Bay, Big Bend.
Exhibit 25:

West Coast Hurricane Methodology
Technology

1st Week

2nd Week

Gas

n/a

n/a

Conv.

n/a

n/a

Nuclear

n/a

n/a

Coal

n/a

n/a

Wind

n/a

n/a

Solar

100%
offline
n/a

50%
offline
n/a

Storage

Source: Siemens PTI

Gas Pipeline Disruption
This disruption scenario calculates the impact on OUC if a major gas pipeline is shut down,
preventing natural gas from being delivered to gas plants throughout the Florida peninsula.
Since this disruption scenario only affects the gas-fired plants, the only technologies affected
in the OUC territory, presented in red in the table on the right in
Exhibit 26 are the Stanton A and B combined-cycles, the Indian River A, B, C, D gas peakers, and
the Stanton 1 and 2 gas conversions. The offline schedule during the two-week period is
described in the table on the left. Furthermore, the gas-fired power plants affected in the
Florida peninsula are: Shady Hills, Bayside, P L Bartow, Vandolah, Polk, Richard J Midulla,
Osprey, Cane Island, Manatee, Hardee, Hines Energy Complex, Larsen, Intercession, Big Bend,
Anclote, Higgins, Treasure Coast.

Exhibit 26:

Gas Pipeline Disruption Methodology
Technology
Gas
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Conv.
Nuclear

100%
offline
n/a

50%
offline
n/a

Coal

n/a

n/a

Wind

n/a

n/a

Solar

n/a

n/a

Storage

n/a

n/a

Source: Siemens PTI

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

Unrestricted

2-23

3. Load Forecast
OUC develops a load forecast annually for its service territory. Included in this OUC load
forecast are assumptions for current economic projections, energy efficiency (EE), codes and
standards changes, distributed solar generation (DG), and electric vehicles (EV). The latest
OUC load forecast, which was for the 2020 to 2035 study period, was used as a starting point
for this EIRP.
Presented here is an EIRP load forecast through 2050 which is the OUC load forecast
extrapolated by Siemens PTI to 2050 with refined assumptions for energy efficiency,
distributed solar generation, and electric vehicles, collectively load modifiers. These refined
load modifiers are further described below. Siemens PTI also developed a stochastic load
forecast around this refined base load forecast.11

3.1 Energy Efficiency Impact
In general energy efficiency refers to using technology that requires less energy to perform
the same function. Often the definition includes improvements in federal and state codes and
standards that reduce energy consumption. For purposes of this report, energy efficiency
refers to utility sponsored programs that reduce energy consumption. In the EIRP analysis,
Siemens PTI reviewed all of OUC's energy efficiency customer-facing programs and concluded
that 0.5% incremental reduction per year is a reasonable expectation for energy efficiency
load reduction. This 0.5% reduction per year exceeds the requirements of the Florida Public
Service Commission (FPSC)12. In this EIRP analysis, Siemens PTI has included achieving the
0.5% load reduction in the base load forecast throughout 2050. Additionally, by using a broad
range of potential future demand over the forecast horizon (2020 – 2050), Siemens PTI
allowed for a high degree of potential energy efficiency penetration.

11
12

Load forecast is based on information available as of Q1 2019.
FPSC’s goal is approximately 0.2% of sales through 2024.
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Exhibit 27:

Annual Average and Peak Load EE Reduction Estimates

Source: Siemens PTI

3.2 Distributed Generation (DG) Impact
Distributed generation, primarily rooftop solar, is treated in Siemens PTI’s analysis as a decrement
to energy consumption. Siemens PTI’s expected value assumptions on rooftop solar penetration
were based on an independent distributed solar adoption study from the National Renewable
Energy Laboratory (NREL). Peak impact is assumed to be half of the adopted nameplate capacity.
The EIRP does not set adoption goals and pricing policies.

3.3 Electric Vehicle (EV) Impact
Siemens PTI forecasted the net energy for load and peak load impacts of increased electric
vehicle adoption within OUC’s service territory through the forecast period. To estimate the
potential for EV adoption in OUC’s territory, Siemens PTI applied a proprietary electric vehicle
forecasting approach, which employs Siemens PTI’s market view, a leading Light Duty Vehicle
(LDV) adoption tool, and Siemens PTI’s proprietary analytical models to project commercial
vehicle adoption and load calculations.
The Siemens PTI’s expected LDV adoption forecast leverages proprietary inputs and
adjustments to the latest version of the best-in-class customer choice model (MA3T Model13)
developed by Oak Ridge National Labs (ORNL). This model generates forecasts for both
battery electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs) by state. Siemens
PTI segmented the Florida forecast derived from this model into OUC’s LDV portion using
13

https://www.ornl.gov/content/ma3t-model
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OUC’s residential customer count. The commercial vehicle base forecast was derived from
the Department of Energy’s 2019 Annual Energy Outlook EV adoption forecast, which we
applied to the commercial vehicles operating in OUC’s service territory.
As illustrated in Exhibit 28, average load and peak load impacts from electric vehicle charging
are very small in 2020 but rise gradually over the period of the analysis. Electric vehicle
charging activity usually peaks at 7-8 PM 14 , which does not currently coincide with the
summer peak hour of the OUC system at 4-5 PM. Therefore, the charging impact on the
system’s coincident peak is lower than the maximum charging impact. The charging impact
on average load is lower than the peak.
Exhibit 28:

Electric Vehicle Charging Average and Peak Load Impact

Source: Siemens PTI

3.4 Demand Response
Demand Response (DR) includes programs that provide incentives for enrolled customers to
reduce energy consumption during high demand periods. Siemens PTI reviewed several
studies, including the market potential study from Nexant from April 2019, sponsored by the
seven electric utilities (FEECA Utilities15) subject to Florida Energy Efficiency and Conservation
Act, which assessed Demand Response potential based on an analysis of mass market direct
load control programs.

The hourly charging profile is from the California Energy Commission anticipated EV charging load shape (based on
consumer preference) in 2025 in CA.
15 FEECA Utilities include Florida Power & Light Company (FPL), Duke Energy Florida, Inc. (DEF), Tampa Electric Company
(TECO), Gulf Power Company (Gulf), Florida Public Utilities Company (FPUC), Orlando Utilities Commission (OUC) and
JEA.
14
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These studies included residential, commercial and industrial (C&I), as well as analysis of DR
programs for large C&I customers. The large C&I programs assessment used publicly available
data on mature DR programs to derive estimate of price responsiveness to program incentives
and market techniques. The analysis is focused on potential for demand reduction through
air conditioning, central heating, ventilation, water heating, and pool pump load control.
These were chosen in part because of their large contribution to peak period system load.
Siemens PTI concluded that demand response penetration and cost would not result in a
meaningful reduction in demand based on the current state of demand response programs at
OUC and customer usage profiles. However, as is the case with energy efficiency and other
load modifiers, Siemens PTI incorporated a broad range of energy demand levels to test the
portfolios. This approach allowed for the potential for a much greater penetration of demand
response and other load modifiers.
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3.5 Energy and Peak Demand Base Load Forecasts
The energy base load forecast is presented below in Exhibit 29 and the peak demand base
load forecast in Exhibit 30. The net energy for load forecast shown is the gross system energy
forecast after accounting for separate forecasts of all load modifier impacts. The forecast
includes an overall increase in energy consumption over the 2020-2050 period. The annual
average growth rate is about 1.7% for net energy for load and 1.9% for peak demand load.
This net energy for load and peak demand forecast is the mean of the stochastic distribution
in Section 7.
Exhibit 29:

Forecasted Net Energy for Load (GWh)

Source: Siemens PTI
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Exhibit 30:

Forecasted Peak Demand Load (MW)

Source: Siemens PTI
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4. Environmental Considerations
This EIRP analysis serves as a means for OUC to determine how to meet all of OUC’s load through
2050. However, an additional motive for this EIRP analysis was to align with the City of Orlando
Mayor’s proclamation and target of 100% renewable energy by 2050. To do this, OUC established the
goal of Net Zero Carbon by 2050. To provide a consistent path toward achieving this goal, OUC also
established some interim Net Zero CO2 goals. In 2030, OUC aims to reduce CO2 emission by 50%
compared to 2005 levels and 75% by 2040. This section will outline some of the underlying
environmental considerations implemented in this EIRP analysis.

4.1 CO2 Pricing
No comprehensive national regulation of CO2 emissions currently exists in the U.S. although there
have been efforts to enact policies covering CO2 emissions from major sources. This include efforts
by the U.S. Congress to pass a national cap and trade program, the EPA’s regulation of greenhouse
gas emissions from new and existing power generators, and more recently, proposals in Congress for
CO2 taxes and comprehensive clean energy targets.
Action to limit CO2 emissions has increased recently with states taking the lead in defining low- and
no-CO2 generation requirements. Currently, Florida does not have a state policy covering CO2
emissions from power generation. To account for the uncertainty of potential federal CO2 legislation,
an expected price on CO2 emissions from fossil generators is assumed (Exhibit 31). This outlook
includes a national CO2 price to become effective in 2025 and rising each year thereafter, covering
emissions from electric generating units in the U.S.
Exhibit 31:

Expected Value CO2 Price Projections (2019$/ton CO2)

Year

2020

2025

2030

2035

2040

2045

2050

CO2
Price

$0

$6

$11

$16

$30

$41

$45

Source: Siemens PTI

Candidate Portfolios were designed to meet 2050 CO2 limitations and then tested for compliance as
part of the Sustainability Attribute. Specifically, each portfolio was structured to meet the Net Zero
CO2 targets under expected conditions with OUC modeled as an isolated system. The costs of CO2 did
not serve as an economic driver during the development of the portfolios. There was no price for CO2
assumed during the development of Candidate Portfolios, but CO2 costs were used to measure the
performance of the Candidate Portfolios.
As presented in later sections of this report, a range of possible future CO2 costs were included in the
study and are contained in the Affordability Attribute metric for each portfolio. The range of CO2
prices used in the analysis reflects the high degree of uncertainty in potential federal climate change
regulations and legislation.
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4.2 Electric Vehicles used for CO2 Offsets
To assist with meeting Net Zero CO2 targets, electricity producers are assumed to have available CO2
offsets. The Environmental Protection Agency defines a CO2 offset as “a specific activity or set of
activities intended to reduce GHG emissions, increase the storage of CO2, or enhance GHG removals
from the atmosphere”.16 These offsets can be used for both direct and indirect emissions from an
electricity producer’s operations.
There are many ways in which electricity producers can use CO2 offsets but for the purpose of this
analysis the only offset considered is increased electric vehicle adaptation. The idea is that by
increasing the number of electric vehicles on the road and replacing internal combustion vehicles,
the CO2 emissions avoided from the use of electric vehicles can offset the CO2 emissions originating
from electricity production. The annual CO2 reduction per vehicle is 6 tonnes based on the average
mileage, fuel efficiency, and fuel consumption. 17 This allows for CO2 emissions above the original
emission target to allow for more flexibility on fossil-fuel generation. This flexibility provides the
potential to reduce the costs by reducing the required resource capacity build-out to meet OUC’s
load, while maintain the ability to meet the emission reduction targets.

For a detailed explanation of offsets, please refer to https://www.epa.gov/sites/production/files/201803/documents/gpp_guide_recs_offsets.pdf
17 The assumptions are based on US Department of Transportation and US Environmental Protection Agency.
16
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5. Resource Options
This section documents the methodology Siemens PTI applied to develop the cost and performance
assumptions for all new-build generation and energy storage technologies for OUC, as well as
assumptions on existing unit optimization (i.e., coal-to-natural gas conversions). These assumptions
are used to develop the portfolios, for measuring performance regarding the four key Attributes, and
are summarized by resource type (new generation, conversion, storage).

5.1 New Generation and Energy Storage Resources
Siemens PTI maintains a technology cost and performance database that includes all applicable
studies, projects, and announcements from over fifty public and confidential client sources. All
sources in the database are maintained to be within three years of the current year to sustain up-todate assumptions. Key public sources include annual reports such as the NREL Annual Technology
Baseline (ATB), the EIA Annual Energy Outlook (AEO), the Lazard Levelized Cost of Energy, and the
Lazard Levelized Cost of Storage. In addition, key subscription sources such as ThermoFlow, S&P
Global, Energy Velocity, and Greentech Media are included.
Siemens PTI screens each source for equipment type, model, project scope, and location to develop
qualified samples. These qualified samples are then modified using variables including location
adjustments, inflation adjustments and owner’s interest rate to develop comparable national
samples. Siemens PTI then uses statistical analysis from the comparable national samples and expert
opinion to determine likely cost ranges for each technology.
The technology database provides the foundation for our technology cost and performance forecasts.
To develop longer term cost projections, Siemens PTI considers several factors, including the recent
and expected rates of technological improvements for existing technologies and new technologies
that are under development. By varying assumptions (i.e. productivity, learning curves, technology
obsolescence, cost escalations etc.), Siemens PTI develops a distribution of values for each technology
over time, which we apply to define high and low values for each of the technologies.
Other technologies that are not currently commercially available such as hydrogen, fuel cells and tidal
energy are not included in the study. OUC should continue to monitor these technologies and
consider them in future EIRPs.

5.2 Assumptions
For this analysis, generation options for the portfolios including advanced combined cycle gas turbine
(CCGT), conventional CCGT with duct firing, simple cycle advanced frame combustion turbine (CT),
simple cycle aero derivative CT, single-axis tracking solar PV (either self-build or PPA), wind-by-wire
(with firm transmission rights from MISO and SERC), lithium-ion battery storage, onshore wind (for
new-build resources in the SERC market), and nuclear small modular reactor (SMR), are explained in
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more detail in the following section. The underlying detailed assumptions are included in Appendix
A.

Combined Cycle Gas Turbine
Combined cycle gas turbines (CCGTs) provide a reliable source of capacity and energy for relatively
low plant capital investment. Relatively fast ramp rates and the ability to cycle daily allow CCGTs to
integrate with the variable nature of renewable generation.
Advanced CCGTs can achieve operating efficiencies above 62%, compared to conventional generation
technologies (including simple cycle CTs) that range from 30 to 44%. Generally, CCGTs are good
replacement options for less efficient, higher-emitting fossil fuel resources. Favorable capital costs,
operational flexibility, lower CO2 emissions, and high plant efficiencies have allowed CCGTs to expand
their role in power generation, serving as either baseload or intermediate, load-following generators.
Advanced CCGTs in a 2x1 configuration (950 MWs) generally offer the lowest cost of generation and,
in large markets, are often selected for their competitive costs. While these units are large, they
represent a small portion of generation in a large market, so the impacts on Reliability of a forced
outage are manageable. However, the Reliability impacts of a forced outage for this unit operating in
the FMPP pool would be very challenging. OUC’s peak load is expected to reach more than 2,250 MW
and such a unit would represent 42% of that peak demand. As a result, Siemens PTI considered smaller
1x1 CCGT configurations including one at 605 MW and another at 385 MW. Siemens PTI optimized
the 1x1 CCGT by adding duct firing (i.e. adding burners in the heat recovery steam generator [HRSG]
to produce more steam). If a CCGT was selected as part of a long-term capacity expansion plan, the
duct firing portion would increase the unit capacity Reliability support at a lower capital cost and
better heat rate than a simple cycle gas turbine.
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Exhibit 32:

Combined Cycle Capital Cost Forecast, 2019$/kW
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Source: Siemens PTI

Simple Cycle Combustion Turbine
The high operating costs and low efficiency of simple cycle combustion turbines (CT) (around 40%)
typically keep annual capacity factors below 10% and limit CTs primary use to load peaking purposes.
However, CTs start quickly and ramp up and down quickly, and play a key role in grid stability,
providing reserve capacity and ancillary services. The responsiveness of CTs make them viable
candidates to manage intermittent resources such as renewables on a broad scale. Historically, frame
CTs were used as peaking resources because of their low operating costs and economies of scale, and
aero derivative CTs were also used for peaking service when smaller capacities were a better fit.
Newer frame CT models offer higher capacities (300 to 400 MW) and increased efficiency (heat rates
of 8,000 to 8,500 Btu/kWh) than earlier models. Aero derivative CTs are available in relatively small
capacities with heat rates between 8,000 to 10,500 Btu/kWh, albeit with higher unit costs.
An influx of intermittent energy resources and lower load growth, as well as the need for more flexible
resources has increased interest in aero derivative CT technologies to provide faster ramping
capabilities. Newer models provide faster start up, higher ramp rates, and integration with other
technologies, particularly energy storage.
Siemens PTI compared its simple cycle combustion turbine capital cost assumptions to both NREL ATB
and EIA AEO similar technologies, as it does with most technologies, and determined prices to be in
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broad alignment. It is important to note that NREL does not disclose the size or type (frame vs. aero)
of their combustion turbine assumptions in the ATB, so a direct comparison can be difficult. For
reference, Siemens PTI presents our forecast for conventional frame (7FA technology) and advanced
frame below.
Exhibit 33:

Simple Cycle CT Capital Cost Forecast, 2019$/kW

Source: Siemens PTI

Battery Storage
In recent years, battery energy storage has become more important as a utility-scale option to
integrate non-dispatchable resources onto the energy grid. Lithium-ion (Li-ion) batteries are the most
common type of storage used at the utility scale and can target locations unsuitable for pumped
hydro or compressed air energy storage such as OUC. Other storage technologies beginning to be
considered for broad use include various flow battery chemistries, thermal storage (either high or
low temperature), hydrogen storage, and other fuels created from hydrogen including ammonia and
synthetic methane. Li-ion battery costs are declining as suppliers increase production and as the
technology matures, making them a popular choice for current energy storage needs. Manufacturing
capacity is expected to grow to meet strong energy storage demand from mobile devices, medical
devices, and electric vehicles. Currently, there are no significant supply constraints observed but
there are concerns on the availability of lithium at current prices.
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The battery storage sector has experienced strong growth in recent years. Between 2011 and 2018
there were 810 MW of power capacity from large-scale battery storage added leaving a total of 869
MW battery storage power capacity operational by the end of 201818. Most of the existing U.S. power
capacity has been installed by independent power producers (IPP) in the PJM Interconnection (PJM).
Regulated utilities in the California Independent System Operator (CAISO) territory have procured
storage capacity as well. The United States observed a new record for annual storage capacity
additions in 2018 with 222 MW of large-scale battery storage installed.
Li-ion batteries accounted for 94% of all new energy storage capacity in the U.S. since 2012, growing
at an average rate of 55% per year. Most of the installed Li-ion capacity provides frequency regulation,
but recent projects in the U.S. have targeted alternative applications including peaking capacity,
renewable integration (energy arbitrage), peak shaving, shifting, smoothing, firming, and other use
cases. Exhibit 34 presents Siemens PTI’s battery storage capital costs.
Exhibit 34:

Battery Storage Capital Cost Forecast, 2019$/kW

Source: Siemens PTI

U.S. EIA, Battery Storage in the United States: An Update on Market Trends, July 2020:
https://www.eia.gov/analysis/studies/electricity/batterystorage/pdf/battery_storage.pdf
18
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An important consideration for battery storage is that there are efficiency losses when storing the
energy and dispatching it later. Each time energy is stored in the battery, only 85%-90% is dispatched
with the remaining 10 to 15% lost in the process. The efficiency losses increase over the time that the
battery is in operation.
A key challenge of battery storage technology is capacity degradation. With every battery cycle (i.e.
charging and discharging the battery fully), the ability of the battery to retain charge is diminished.
After 10 years the capacity of a battery storage project may decline by 15 to 20%. For an owner
wishing to maintain the capacity of a battery system over time, battery capacity must be augmented
with replacement capacity under the following circumstances: (1) if the particular unit charges or
discharges to a level less than its rated energy capacity (kWh) per cycle; (2) if the battery chemistry
does not have the cycle-life needed to support the entire operating life of the use case; or (3) if the
energy rating (kWh) of the battery chemistry degrades due to usage and can no longer support the
intended application.
Siemens PTI expects that OUC would elect to maintain the capacity of any battery system installed
and would need to account for the augmentation costs. Siemens PTI assumed augmentation of the
battery packs every seven years, with battery packs comprising approximately 40% of the cost of the
total battery system. In total, the battery augmentation cost is about 13% of the total battery system
cost. Each battery storage system’s capacity is replaced at the end of its operational life of 20 years
(also its book life), keeping the system capacity the same but at the current year replacement cost.

Solar Photovoltaics (PV)
Solar PV generation has been expanding as a form of renewable generation in recent years, with total
U.S. installed capacity reaching 81.4 GW through Q1 2020.19 Single-axis tracking solar PV systems offer
higher capacity factors and require less land for nearly the same unit cost as fixed-tilt systems. As a
result, tracking solar installations now account for more than 50% of utility-scale solar PV in the U.S.
and are most common in the southwest.
Renewable energy incentives have played a critical role in supporting the development of solar PV,
either in the form of Renewable Portfolio Standards (RPS), feed-in tariffs, or tax credits. The
Investment Tax Credit (ITC) is set to decline to 10% of capital investment in 2022, remaining available
post-2021. Developers can “safe harbor” solar equipment for up to four years to qualify for the ITC,
past the deadline.20
Siemens PTI’s single-axis tracking solar technology forecast accounts for the increasing application of
bifacial solar cells. While monofacial cells dominate the market today, bifacial cells are expected to
comprise most solar cells sold by 2030. While bifacial cells cost slightly more than monofacial cells,
they can deliver small but meaningful generation gains over monofacial cells, so Siemens PTI’s

19

20

SEIA U.S. Solar Market Insight: Q1 2020
Siemens assumes two years of safe harboring in our calculations.
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forecast accounts for a phasing in of bifacial technology. Exhibit 35 shows Siemens PTI’s forecast for
solar PV.
OUC considered both generic solar builds (which could be self-build, developer turn-key, or some
other commercial arrangement) and solar PPA purchases 21 . The solar PPA purchase price is
benchmarked to recent offerings seen in the marketplace and conversations with solar developers.
There are several moving parts to solar prices, including trade tariffs, the sunsetting ITC, land costs
(see the following section), transmission wheeling costs etc. These solar PPAs are limited based on
geographical diversity of OUC’s service territory.
Exhibit 35:

Single-Axis Tracking Solar PV (2019$/kW)
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Land Consideration
One of the constraints associated with utility-scale solar PV development that should not be ignored
is land availability and geographical diversity. Siemens PTI worked with OUC to identify local land
considerations for utility-scale PV build in this EIRP. Greater geographical diversity of solar energy will
be required to minimize the risk of cloud cover and other extreme weather events. The prospective
land for solar PV is typically limited to agriculture and/or large commercial and industrial parcels that
are generally flat, not prone to flooding, and relatively affordable. Current solar PV technology
21

Consumer choices regarding the installation of rooftop solar distributed generation were taken from the NREL study.
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requires approximately 5 acres of land for every MW of capacity, i.e. a typical-for-Florida 74.5 MW
PV project would require 373 acres of land. Further, solar developers try to select sites that are colocated next to existing transmission rights-of-way to minimize interconnection costs. Therefore, outof-state solar resources are not considered. Solar PV development in Central Florida will be hampered
by the limited availability of attractive land and the likely need to acquire multiple conjoined parcels
for larger capacity plants. Siemens PTI estimates that the largest portfolio solar PV buildout of 10,000
MW of solar PV capacity by 2050 would require 50,000 acres of land or, for scale and context,
approximately 69% of the land area of the City of Orlando. The cost of land was also reviewed in
collaboration with OUC for solar PV development in the Central Florida region. Considering the
limited availability of suitable land, the cost of land is expected to be higher than the national average.

Onshore Wind and Wind-by-Wire
Wind generation is one of the largest sources of CO2-free electric generation, with 98,000MW of
installed wind capacity accounting for 7.3% of power produced in 201922. Technology improvements
coupled with lowered production costs have resulted in declining capital and operating costs, and
improved performance resulting in increased unit energy output. In general, wind turbines are now
taller with larger wind-swept areas which allows them to produce more energy across a wider range
of wind speeds, driving up average capacity factors.23 Further, the federal Production Tax Credit (PTC)
has lowered recent prices for wind power. However, the PTC phased out by 2020, which could affect
near-term Affordability for new wind resources. Developers can “safe harbor” wind turbine
equipment for up to four years to qualify for the PTC past the deadline.
Siemens PTI allowed for onshore wind developed for the SERC region, with costs beginning at
$1,542/kW (2019$) in 2020 and ending at $1,102/kW in 2050 (2019$), as well as the wind-by-wire
option for OUC. In the wind-by-wire option, the wind energy is assumed to come from the MISO, with
the corresponding wind generation profile of that region. The wind-by-wire energy transactions
would incur multiple wheeling charges going through three or more systems in order to deliver energy
to Orlando. The wind energy is benchmarked to recent market prices.

Small Modular Reactor (Nuclear)
Small modular reactor (SMR) technology initially developed for naval/shipping purposes and is being
adapted for utility scale generation. It has yet to demonstrate commercial operation in the United
States, though a test is being conducted in Idaho. SMR modules range in size from 10 to 300 MW
(compared to roughly 900 to 1,200 MW for conventional nuclear reactors), and modules can be scaled
to meet loads. Some SMRs, by virtue of their smaller size and other operational features, can offer
greater capability to conduct load following operations than larger nuclear power plants. SMRs appeal
as potential future CO2-free reliable non-intermittent resources to complement renewable resources.
Much of the key equipment components for SMRs can be manufactured off-site in controlled factory
environments, reducing plant construction time by an expected 40% or more. SMRs also provide

22

23

https://www.eia.gov/tools/faqs/faq.php?id=427&t=3
Siemens PTI assumes wind generation can be built in the SERC region, but is not an option for the FRCC market.
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potential improvements in safety from their underground containment designs and passive cooling
systems. However, underground installations could make maintenance more challenging during a
malfunction. NuScale Power LLC is aiming to put an SMR into commercial operation in Idaho,
comprised of a dozen 50 MW reactors. It is the only company with an SMR design certification
recently approved by the U.S. Nuclear Regulatory Commission (NRC). The NRC is also reviewing two
SMR pre-applications from BWXT mPower, Inc. and SMR Inventec, LLC.
For this EIRP, an SMR was modeled at a capacity of 570 MW, which captures the economics of scale
that would come with a larger SMR build but lower unit cost after incorporating the base costs that
come with one module or 10 modules. The capital costs of SMRs are shown in Exhibit 36.
Exhibit 36:

Small Modular Reactor (Nuclear) All-In Capital Cost, 2019$/kW
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6. Fuel Forecast
For the development of new supply options, several natural gas thermal units, including combined
cycle gas turbines (CCGTs), combustion turbines (CTs), and conversion units were offered for the longterm capacity expansion optimization process used as part of the development of Candidate
Portfolios. Natural gas price projections were also used to evaluate the costs to operate conversion
units and existing gas-fired power plants. For the EIRP, Siemens PTI used gas price projections from
PIRA.

6.1 U.S. Natural Gas Market Outlook
The U.S. natural gas market outlook is expected to see low prices at the benchmark natural gas
commodity price at the Henry Hub market point in the short-term to 2021, despite increasing
liquefied natural gas (LNG) demand and with higher storage refill requirements coming out of the
2018-19 and 2019-20 winters. Low prices are primarily due to excess production particularly with the
ongoing natural gas production increases out of the Permian Basin and the Marcellus Shale. The
natural gas price assumptions were developed prior to the novel coronavirus outbreak. Although not
included in the analyses, following is an assessment of the main drivers of Henry Hub pricing in the
short-term:
The drop in natural gas demand due to shelter-in-place responses to the COVID-19 pandemic,
counterbalanced by the decline in associated gas production due to low oil prices stemming from an
oversupply in global crude oil markets.
LNG export demand, which is expected to grow from 4.5 billion cubic feet per day (Bcf/d) in 2019 to
9-10 Bcf/d by 2021 from online or under construction projects, out of a total LNG export capacity of
10.6 Bcf/d. Furthermore, there were three Gulf Coast LNG projects reaching a go-forward Final
Investment Decision in 2019, which are expected to add an additional 4 Bcf/d of LNG export capacity
in the early- to mid-2020s, for a total of 14.6 Bcf/d by 2024.
U.S. production growth, most of which is coming from the Marcellus Shale and Permian Basin, albeit
to a lesser extent in the latter with a decline in oil prices (and thus associated gas production).
Over 43 Bcf/d of U.S. pipeline projects under construction or expected to become operational through
2021 (15.5 Bcf/d is Marcellus takeaway capacity and 8.6 Bcf/d is Permian takeaway capacity).
The 14.6 Bcf/d of LNG export capacity expected by 2024 is mostly under “take-or-pay” contracts,
meaning demand for LNG feedstock gas will be baseload with liquefaction capacity expected to run
at an 85% capacity factor or greater. LNG export demand is expected to put modest upward pressure
on prices, despite low Asian LNG prices in early 2020. However, we expect that the downward price
pressure from supply/production growth and pipelines will largely moderate any such increase in
prices.
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Generally, a trend has emerged of increased gas usage in the power sector at the expense of coal
burn. With natural gas prices still relatively cheap compared to historical levels and coal facing other
economic and regulatory pressures, there has been some switching to gas-fired units from coal-fired
units in the dispatch order in certain power regions, particularly during shoulder-season months.
Utilities in regions where gas transportation costs are relatively low and coal transportation costs are
high, for example the SERC region, have announced the shutdown of certain coal units in favor of
increasing utilization at intermediate gas units. Annual electricity generation from coal declined 31%
in the past decade (2009-2019) from 1,756 Terawatt-hours (TWh) to 965 TWh, while generation from
natural gas increased 43% from 921 TWh to 1,58619 TWh, with natural gas surpassing coal beginning
in 201624.
Major uncertainties on the demand side include the power sector response to new environmental
regulations and rapidly declining renewables costs and battery storage costs that can displace gasfired generation. While a CO2 regime may or may not advance, the finalized Affordable Clean Energy
(ACE) rule has been promulgated and is expected to lead to heat rate improvements for coal plants
>25 MW that will in turn lead to greater dispatch of coal units. Nevertheless, utilities and other
generators are beginning to plan for the rising probability of a CO2-constrained future.
On the supply side, shale gas accounted for over 70% of U.S. gas production in 2018, up from 17% in
2008. During this time, unconventional gas production (primarily shale gas) has changed the
perception of gas markets and has been the primary driver of Henry Hub pricing, causing prices to
drop from the 2008 records that topped $13/MMBtu. The cost of production in 2019 ranges widely,
from core Marcellus Shale play acreage able to generate breakeven returns at only $0.80/MMBtu
compared to higher-cost conventional or non-core shale that might require prices of $4/MMBtu or
more to break even. Additionally, U.S. gas production is influenced to a relatively substantial degree
by oil prices. When oil prices are high, incentivizing producers to drill for oil and natural gas liquids, a
significant amount of associated gas can be produced as a by-product. Associated gas now accounts
for 20% of total U.S. production, with notable recent growth in associated gas in areas such as the
Permian Basin in West Texas.
In addition, the nature of drilling in shale plays is that, while initial production can be strong, the
production curve declines very rapidly. A sustained or growing level of production requires ongoing
drilling programs. This has resulted in U.S. supply becoming more responsive to market conditions,
with shale wells acting as virtual storage to adapt quickly to changes in the market. It also means that
a decline in oil prices, as occurred in early 2020, can lead to a decline in associated gas production.
Producers typically hedge a significant portion of their forward production, but a sustained decline in
oil prices will result in less associated gas production growth out of regions such as the Permian Basin.
Exhibit 37 shows increasing real prices over time as declining associated gas production is coupled
with rising marginal costs of production and extraction.

24

U.S. Energy Information Administration, Electric Power Annual
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Exhibit 37:

Annual Henry Hub Natural Gas Forecast (2019$/MMBtu)

Source: Siemens PTI and PIRA

The Stochastic section of this report presents Siemens PTI’s view on possible ranges of future prices
for natural gas under different views of regulations (e.g. fracking), markets (e.g. exports) and
technology advance25.

6.2 Natural Gas Forecast Methodology
The Gas Pipeline Competition Model (GPCM) was used to develop long-term price forecasts by
incorporating the fundamental drivers of supply, demand, and infrastructure described in the prior
section. In the short-term, natural gas forwards were averaged and used explicitly for the first 18
months of the forecast, after historical prices. In the subsequent 18 months, the forecast is blended
away from forwards toward the fundamental GPCM forecast, after which the forecast is purely
fundamentals-based. This provides a view of natural gas prices and basis to Henry Hub delivered to
liquid market trading points throughout the United States. The price forecast does not include
delivery from the market trading hub to each plant gate, as not all these transportation costs align
with the published tariffs nor can it be certain which hub is indexed in each plant’s supply contract.

25

The natural gas commodity price forecast used in this EIRP is based on information available as of Q1 2019 from PIRA.
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6.3 Coal Price Forecast
Siemens PTI used Energy Ventures Analysis’ coal price outlook for this EIRP analysis. This forecast for
delivered OUC coal prices from two specific mines in the Illinois Basin is provided below for reference.
Exhibit 38:

OUC Delivered Coal Price Outlook (2019$/MMBtu)

Source: Energy Ventures Analysis
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7. Stochastic Analysis
7.1 Introduction
Probabilistic modeling (also known as stochastic analysis or risk analysis) incorporates several market
variables and probability distributions into the analysis, allowing for the evaluation of a portfolio’s
performance over a wide range of market conditions. Quantitative data is extracted from the results
and is the foundation for some of the metrics in the Balanced Scorecard.
Probabilistic modeling begins with the development of 200 sets of future pathways for coal prices,
natural gas prices, CO2 prices, peak and average load (at the OUC, FMPP, FRCC, and SERC levels), and
capital costs for a range of technologies. These 200 sets of future pathways are based on the forecasts
of the expected value of these variables, described in Sections 3, 4, 5, and 6. These stochastic
variables are initially forecasted for use over the study period, typically 1,000 to 3,000 times. A
stratified sampling of the simulations is used, which then allows the sample set to be reduced to 200
iterations, or individual simulations, while still allowing for a representative sample of the universe
of potential outcomes. These inputs allow for the testing of each portfolio’s performance across a
wide range of market conditions.
All Candidate Portfolios were subjected to each of the 200 iterations or simulations using the
production cost model AURORAxmp in dispatch mode where the OUC portfolios are fixed but other
FRCC and SERC members can make their own build and retirement decisions.
The stochastic modeling of each portfolio was developed by Siemens PTI using the AURORAxmp®
dispatch model. There were several steps to this process:
•

The first step was to develop the input distributions for each of the major market and regulatory
drivers, including average and peak load growth and shape, natural gas prices, coal prices, CO2
prices, and technology capital costs. This was done by considering volatility of each factor in the
short-term, medium-term, and long-term.

•

The second step was to run a probabilistic model (Monte Carlo) which simulated 200 possible
future states over the 30-year study planning period.

•

In the third step, each Candidate Portfolio was then run through simulated dispatch for the 200
possible future states using the AURORA production cost model. AURORA dispatches the
Candidate Portfolio for each sampled hour over the planning horizon. For this risk analysis
procedure, AURORA assumes that each Candidate Portfolio is constant but allows for builds and
retirements to occur throughout the region based on economic criteria. OUC generation, costs,
emissions, revenues, etc. are tracked for each iteration over time.

•

Next, values for key metrics associated with the Attributes (Affordability, Sustainability) are
tracked across all 200 iterations and presented as a distribution with a mean and other percentile
(5th, 25th, 50th, 75th, and 95th).

•

These measures are used as the basis for evaluation in the stochastic analysis.
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7.2 Use of Stochastic Analysis
The stochastic analysis includes the probabilistic modeling conducted to inform the objective
analytical considerations in the selection of the Leading Portfolio. Many other factors were
considered besides the stochastic analysis. Nevertheless, a key part of designing the Leading Portfolio
was based on how well each portfolio scored on multiple metrics and Attributes across 200 energy
market simulations representing different, but internally consistent and plausible, market conditions.
The selection process consisted of several comparisons illustrating each Candidate Portfolio’s
performance measured against competing objectives. The goal is to create the right balance between
satisfying the competing objectives. The Leading Portfolio delivered the best balance of performance
across all competing metrics when viewed across the full range of 200 simulations, while also
maintaining Reliability and providing resource diversity/system flexibility. This procedure is used and
presented in the sections below where each portfolio is assessed.

7.3 Stochastic Distributions
To perform the probabilistic modeling, a set of probability distributions was required for each of the
key market driver variables (fuel, emissions, load, and capital costs). 200 future paths for each
stochastic variable were developed using statistical methods. The following sections describe the
methodologies for developing these stochastic variables, with additional detail explained in Appendix
B: .

Load Distributions
To account for electricity demand variability and uncertainty that derives from economic growth,
weather, energy efficiency, distributed generation and demand side management measures, Siemens
PTI developed a range of stochastic inputs around the energy demand expectations (Section 3) for
the OUC service area and the neighboring markets including FMPP, FRCC, and SERC. The base longterm load forecast was provided by OUC with some extrapolation to 2050. For the broader FRCC and
SERC markets, Siemens PTI forecasted long-term energy demand using a two-step process that
captures both the impact of historical load drivers such as economic growth and variability of weather
and the potential impacts of energy efficiency, demand response, distributed generation and electric
vehicles.
Siemens PTI benchmarked the market-wide energy demand projections against FRCC and SERC
sponsored load forecasting studies that are conducted by independent consultants, institutions, and
market monitors to ensure consistency. Exhibit 39 shows Siemens PTI’s stochastic range for energy
demand and includes a wide range of potential energy efficiency, demand response, distributed
generation and electric vehicle adoption. The stochastic distributions are the net result of 200 random
simulations for the base net load forecasts. Siemens PTI calculated the distributions for the 5th and
95th percentiles (approximately two standard deviations), quartiles (25th, 50th, and 75th percentiles),
and the average (mean) of the annual distributions over time. Siemens PTI’s Stochastics Methodology
is further explained in Appendix B: .
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As shown in Exhibit 39, the overall distribution shows a higher level of future load growth exceeding
the expected value.
Exhibit 39:

Forecasted Net Energy Load (GWh) Distribution26

Source: Siemens PTI

Similarly, as shown in Exhibit 40, the stochastic distribution also shows a higher potential that peak
load will exceed the mean or expected value over time. Both the forecast of total energy demand and
the forecast for peak energy demand allow for a wide range of energy efficiency, demand response,
distributed generation and electric vehicle adoption, all of which could reduce or increase the energy
that would need to be generated and distributed by OUC. Energy efficiency, demand response, and
distributed generation assist with reducing the energy required to meet load. Together, these
resources have the potential to reduce the load by 6% in 2050 under base load forecast. Similarly,
electric vehicles increase the net energy for load by 5% in 2050. Through the stochastic analysis the
net energy required for load varies by a wide range throughout the study period. For example, the
95th percentile is 18% higher than the base forecast, and the 5th percentile is 14% lower than the base
forecast by 2050, which represents a wide range of potential load modifier penetration.

26

Reductions in load in 2021 and 2026 are a result of the expiration of wholesale sale commitments.
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Exhibit 40:

Forecasted Peak Load (MW) Distribution27
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Natural Gas Price Distributions
Siemens PTI developed natural gas price stochastic distributions for the benchmark natural gas
commodity price at the Henry Hub market point. These stochastic distributions are first based on the
expected value forecast of PIRA Energy Group’s28 view of natural gas prices with probability bands
developed based on a combination of historical volatility and mean reversion parameters as well as
a forward view of expected volatility. For the period 2020-2022, volatility calculated from the past
three years of price data is used. For 2023-2025, volatility calculated from the past five years is used.
For 2026-2050, volatility calculated from the past 10 years is used. This allows gas price volatility and
uncertainty to be low in the short-term, moderate in the medium-term and higher in the long-term
in alignment with observed historical volatility.

27
28

Reductions in load in 2021 and 2026 are a result of the expiration of wholesale sale commitments.
PIRA Energy Group was acquired by S&P Global Platts in 2016. It is a nationally recognized energy forecasting organization.
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The 95th percentile probability band is driven by increased gas demand (e.g., coal unit retirements)
and potential fracking regulations that raise the cost of producing gas. Prices in the 5th percentile are
driven by significant renewable development that keeps gas plant utilization relatively low as well as
few to no new environmental regulations around power plant emissions. Exhibit 41 shows the
stochastic distributions for the fuel inputs. The natural gas price stochastic inputs represent the
possible outcomes for Henry Hub commodity prices. Siemens PTI then layers the natural gas price
basis on top of the Henry Hub prices to provide the delivered gas price to the OUC and FRCC gas-fired
power plants.
Exhibit 41:

Natural Gas (Henry Hub) Price Distribution (2019$/MMBtu)
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Coal Price Distributions
Siemens PTI developed coal price stochastic distributions for the Central Appalachian (CAPP),
Northern Appalachian (NAPP), Illinois (ILB) and Powder River (PRB) basins. These stochastic
distributions are first based on an Energy Ventures Analysis 29 expected view of coal prices with
probability bands then developed based on a combination of historical volatility and mean reversion
parameters. It should be noted that most coal contracts in the U.S. are bilateral and only
approximately 20% are traded on the New York Market (NYMEX) Exchange. The historical data set
that is used to calculate the parameters is comprised of the weekly traded data reported in NYMEX.
The coal commodity price stochastic variations shown in Exhibit 42 are based on ILB Minemouth
prices, applicable to OUC’s coal plants. Siemens PTI adds individual transportation adders to
represent the delivered coal prices to OUC and FRCC coal-fired power plants.
Exhibit 42:

ILB Minemouth Coal Price Distribution (2019$/MMBtu)
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Emission Price Distributions
Siemens PTI developed uncertainty distributions around CO2 compliance costs, which were used to
capture the inherent risk associated with regulatory compliance requirements. The technique to
develop CO2 costs distributions, unlike the previous variables, is based on projections largely derived
from Siemens PTI’s expert judgment, as there are no national historical data sets (only regional
markets in California and the northeast) to estimate the parameters for developing CO2 costs
29

Energy Ventures Analysis is an independent nationally recognized energy forecasting organization.
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distributions. The expected value (mean of the distribution) reflects a view that some type of
legislation will likely occur in the mid-2020s. Previous studies of a proposed trading mechanism as
well as analysis on the requirements to meet the Paris Agreement showed prices rising to about
$30/short ton by 2040. The bottom end of the distribution assumes little future regulation, while the
top end reflects the inclusion of social cost of CO2 emissions. The portfolios were designed without
considering CO2 prices and are only exposed to the costs associated with emissions through the
stochastic analysis.
Exhibit 43:

CO2 Price Distribution (2019$/short ton)
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Capital Cost Distributions
Siemens PTI developed the uncertainty distributions for the cost of new entry units by technology
type, which were used for determining the economic new builds in FRCC and SERC based on market
signals. These technologies included gas peaking units, gas combined cycle units, solar, wind, and Lion battery storage resources. The methodology of developing the capital cost distributions is a twostep process: (1) a parametric distribution based on a deterministic Base Case view of future all-in
capital costs, historical costs, and volatilities, and a sampling of results to develop probability bands
around the Calibration Portfolio outlook; and (2) a quantum distribution that captures the additional
uncertainty with each technology that factors in learning curve effects, improvements in technology
over time, and other uncertain events such as leaps in technological innovation. Additional detail on
the stochastics methodology is provided in Appendix B: Stochastics. Exhibit 44 to Exhibit 47 shows
stochastic variations related to the all-in capital costs for various technologies. The stochastic
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variations in these costs are only implemented for capacity additions built by other utilities, thus have
little impact on costs shown for the portfolios analyzed in this EIRP. Regional multipliers are applied
to the costs for use in this analysis.
Exhibit 44:

74.5 MW Solar Capital Costs Distribution (2019$/kW)
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Exhibit 45:

50 MW Lithium-Ion 4-hour Battery Storage Capital Costs Distribution (2019$/kW)

1,400
1,200
1,000
800

600
400
200
0

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

All-in Battery Storage CAPEX Costs (2019$/kW)

1,600

Mean

5th Percentile

25th Percentile

50th Percentile

75th Percentile

95th Percentile
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Exhibit 46:

Advanced 2x1 Combined Cycle Capital Costs Distribution (2019$/kW)
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Exhibit 47:

Advanced Simple Cycle Frame CT Capital Costs Distribution (2019$/kW)
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Cross-Commodity Correlations
Siemens PTI captured the cross-commodity correlations in the stochastic process. This is a unique
stochastic process for natural gas, coal, and CO2 prices. The feedback effects are based on statistical
relationships between coal and natural gas switching and the variable cost of coal and natural gas
generators. Siemens PTI conducted a fundamental analysis to define the relationship between natural
gas and coal dispatch costs and demand. The dispatch costs of natural gas and coal were calculated
from the natural gas and coal stochastics and CO2 stochastics, along with generic assumptions for
variable operation and maintenance costs. Where the gas-coal dispatch differential changes
significantly enough to affect demand, natural gas demand from the previous year was adjusted to
reflect the corresponding change in demand. A natural gas price delta was then calculated based on
the defined natural gas demand. This natural gas price delta was then added to the natural gas
stochastic path developed from historic volatility to calculate an integrated set of CO2 and natural gas
stochastic price forecasts.
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8. Analysis Results and
Comparisons
Siemens PTI conducted an extensive analysis of the options available to OUC for fulfilling its
energy demand through 2050. The analysis included conventional and renewable energy
generation, and battery storage systems both in OUC’s service territory and more generally
in the broader FRCC and SERC footprints, as well as a level of energy efficiency commensurate
with OUC’s current suite of demand side management measures. Additionally, the analysis
accounts for electric vehicle load and incorporates a detailed study of distributed solar
generation conducted independently of this EIRP by the National Renewable Energy
Laboratory (NREL). Lastly, this analysis limited purchases and sales to historical numbers to
provide an accurate representation of the bilateral energy marketplace in Florida.
The overall analysis considers a multitude of metrics across all the Attributes mentioned in Section
2.4. The results of the analysis based on all of these metrics can be observed in Exhibit 56. The
colors represent the performance of each portfolio on each metric. A predominance of green is
favorable, and a predominance of red is unfavorable. The analysis concluded that the Modular
Nuclear, Gas Conversion 2026/2029, and Gas Conversion 2036/2040 Portfolios perform the best
out of all Candidate Portfolios. Each Attribute and associated metrics are explained in more detail
in the next section.

8.1 Reliability
Through public and stakeholder engagement, it was determined that the Reliability metric is
the most important and is weighted at 35% in the final balanced scorecard roll-up. From a
Reliability perspective, all Candidate Portfolios were designed to meet or exceed the
minimum reserve margin required by the Florida Public Service Commission at 115% of the
annual peak demand. Additionally, each portfolio is designed to be self-sufficient under
expected conditions. In other words, each portfolio can supply all OUC’s energy demand
throughout the entire forecast horizon, without having to rely on imports from surrounding
utilities under expected supply and demand conditions. Exhibit 48 shows how each portfolio
performed on the Reliability metrics.
Next, as discussed previously, two metrics comprise the Reliability Attribute. The first metric
is the first year occurrence of unserved energy determined through Siemens PTI’s Cloud Cover
analysis. The second metric is the technology diversity of each portfolio by the end of the
forecast (2050). Each of these metrics are weighted equally for the ranking. The results across
these metrics are discussed in further detail below.
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Exhibit 48:

Reliability Attribute Metrics and Results

Source: Siemens PTI
Note: U-E stands for unserved energy

Cloud Cover Analysis
The cloud cover analysis observes the first year in which there is unserved energy due to a
70% reduction in solar output from cloud cover during the highest demand week, occurring
in August. As Exhibit 48 shows, the Calibration Portfolio and Modular Nuclear Portfolio never
incur unserved energy under this condition. For the Calibration Portfolio this is due to heavy
reliance on fossil-fuel powered plants, which are unaffected by the cloud cover. The Modular
Nuclear Portfolio includes a 570MW nuclear powered unit, a generation source not impacted
by cloud cover. It also contains sufficient energy storage to provide flexibility for the energy
in the OUC system. Both the Gas Conversion 2026/2029 Portfolio and Gas Conversion
2036/2040 Portfolio perform well in the cloud cover analysis. The first year of unserved
energy occurs in 2050, which is when these portfolios retire the Stanton A and B units to meet
the 2050 Net Zero CO2 target.

2050 Technology Diversity
This metric observes the number of different types of technologies within the portfolio in
2050. The technology types include coal-fired plants, natural gas-fired plants, solar, wind,
nuclear, and storage. The Calibration Portfolio and Wind-by-Wire Portfolio achieve the
highest technology diversity. The Calibration Portfolio has the following technologies in 2050:
natural gas-fired plant, nuclear, coal-fired plant, solar, and storage. The Wind-by-Wire
Portfolio has the following technologies in 2050: natural gas-fired plant, nuclear, solar,
storage, and wind.

8.2 Affordability
The second most important Attribute is Affordability and is weighted at 24% in the final
balanced scorecard. The Affordability of the portfolios is important because it ultimately
determines the costs for OUC to serve all load. There are many cost components that feed
into the metrics shown in Exhibit 49, including fuel costs, fixed operating and maintenance
costs, variable operating and maintenance costs, emission costs, and sales and purchases.
Since costs occurring early in the forecast have higher value in terms of time value, the metrics
weigh 2020-2030 costs at 50%, 2020-2050 costs at 10%, 2020-2030 uncertainty at 30%, and
2020-2050 uncertainty at 10%. Costs and uncertainty as shown in Exhibit 49 are measured in
millions of dollars and standard deviation in millions of dollars, respectively.
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Exhibit 49:

Affordability Attribute Metrics and Results

Source: Siemens PTI

Cost 2020-2030
This metric calculates the present value of costs over the 2020-2030 time horizon. As Exhibit
49 shows, the portfolio that performs best on this metric is the Calibration Portfolio since it
does not aim to meet any of the Net Zero CO2 targets. Out of the Candidate Portfolios, the
Gas Conversion 2036/2040 Portfolio performs the best, with Net Zero CO2 by 2050 and the
Modular Nuclear Portfolio coming in close second and third, respectively. The Coal
Retirement 2022/2026 Portfolio performs worst in this metric because the retired coal units
need to be replaced with solar and battery storage early in the forecast. The capital
investments associated with adding this capacity drives up the portfolio costs significantly.

Cost 2020-2050
This metric calculates the present value of costs over the full forecast horizon. Exhibit 49
shows that the Calibration Portfolio performs best in this metric for the same reasons
described above. The Candidate Portfolios that perform best in this metric are the Gas
Conversion portfolios. They can take advantage of the existing infrastructure at the Stanton
Energy Center and convert coal to a natural gas-fired plant at a fraction of the costs of an
entirely new combined cycle gas turbine plant. Additionally, converting the coal units
significantly reduces the investment costs in solar and storage capacity. Again, the Coal
Retirement 2022/2026 Portfolio performs worst in this metric due to the early coal
retirement.

Uncertainty 2020-2030
This metric calculates the present value of standard deviation of portfolio costs. The portfolio
that performs best in this metric is the Coal Retirement 2022/2025 Portfolio because it retires
a significant portion of its fossil-fuel fired capacity early in the forecast. Therefore, it is less
exposed to uncertainty around fuel prices as well as emission prices. The Gas Conversion
2026/2029 Portfolio also performs well in this metric because it is less exposed to volatility
around the emission prices by converting the heavy emitting coal units to gas units.

Uncertainty 2020-2050
Similar to the Uncertainty 2020-2030 metric, this metric calculates the present value of
standard deviation of the portfolio costs, but over the full forecast horizon. Again, the Coal
Retirement 2022/2026 Portfolio performs best in this metric and the Gas Conversion
2026/2029 Portfolio comes in second for the same reasons described before. However, the
Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.
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Calibration Portfolio performs worst in this category because it becomes highly exposed to
the increasing volatility of gas and CO2 prices, which means more upside risk late in the study
horizon (shown in Exhibit 49).

8.3 Sustainability
Sustainability is the third most important Attribute and is weighted at 22% in the final
balanced scorecard, similar to Affordability. The metrics for this Attribute measure the
probabilities of meeting the 2030, 2040, and 2050 Net Zero CO2 targets, as well as the
percentage of clean energy generated in the portfolio in 2050. All of these metrics are
weighted equally at 25%. Exhibit 50 shows how each portfolio performs across different
metrics for this Attribute.
Exhibit 50:

Sustainability Attribute Metrics and Results

Source: Siemens PTI

Probability of Reduction Targets
The probability of meeting reduction targets can be categorized into three different metrics:
probability of meeting 2030 reduction target, 2040 reduction target, and 2050 reduction
target. As Exhibit 50 shows, the only two portfolios that have a 95% probability of meeting
the 2030 reduction target under varying market conditions are the Gas Conversion 2026/2029
Portfolio and Coal Retirement 2022/2026 Portfolio. All other portfolios have lower chances
of meeting the 2030 goal because they retire the Stanton 1 and 2 coal units after 2030.
Therefore, converting or retiring the coal plants is crucial to meeting the 2030 goal under
varying market conditions.
As for the probability of meeting the 2040 reduction target, more portfolios are able to
achieve 95% probability because of the retirements of the Stanton 1 and 2 coal units. The only
portfolios that do not have a 95% probability of meeting this target are the Calibration
Portfolio and Gas Conversion 2036/2040 Portfolio.
Again, the Calibration Portfolio only has a below 5% probability of meeting the 2050 reduction
target because it keeps all fossil units. All Candidate Portfolios have a 95% probability of
meeting the 2050 emission reduction target because each portfolio retire the Stanton 1 and
2 coal units before 2050.
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Clean Energy Generation 2050
As Exhibit 50 shows, all of the Candidate Portfolios perform very well in this metric. As long
as a portfolio achieves above 90% clean energy generation, it is ranked the best. Any portfolio
with less than 90% clean energy generation are ranked lower accordingly.

8.4 Resiliency
The last Attribute is Resiliency and it has a relative weight of 19%. This Attribute is ranked
lowest, nevertheless, it is very important for the portfolios to withstand the unusual events
that disrupt the electricity system within the Florida service area. The metrics based on the
scenarios are weighted equally. Each metric measures the total amount of unserved energy
over the two-week period with the highest demand (occurring in August) and sums the
unserved energy occurring in 2025, 2035, and 2045 to provide the total amount of unserved
energy in the portfolio. Exhibit 51 shows how each portfolio performs across the assumed
scenarios and U-E stands for unserved energy.
Exhibit 51:

Resiliency Attribute Metrics and Results

Source: Siemens PTI

East Coast Hurricane
This scenario calculates the unserved energy associated with a major hurricane on the east
coast of Florida. As Exhibit 51 shows, this disruption scenario results in the highest amount of
unserved energy due to Orlando’s location within the Florida peninsula. The portfolio that
performs worst in this scenario is the Coal Retirement 2022/2026 Portfolio. Exhibit 52 shows
the Coal Retirement 2022/2026 Portfolio incurs consistently high unserved energy in each
year of the analysis. The reason is that the Coal Retirement 2022/2026 Portfolio heavily relies
on solar and storage early in the forecast and solar output is reduced by 75% in the first week
and 50% in the second week (Section 2.4.4) in the scenario. The second worst performing
portfolio is the Modular Nuclear because it heavily relies on the nuclear unit in 2045 and its
output is reduced by 100% in the first week and 50% in the second week of the disruption
scenario.
The portfolios that perform best in this scenario are the 100% Renewable by 2050 and the
Gas Conversion 2026/2029 Portfolio. The 100% Renewable by 2050 Portfolio performs better
because it retires both Stanton 1 and 2 coal units by 2040, which is later than all other
portfolios, and because it has more solar and storage capacity to meet the 100% renewable
target. The Gas Conversion 2026/2029 performs better compared to the Gas Conversion
2036/2040 Portfolio since in 2045 it has more solar capacity.
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Exhibit 52:

East Coast Hurricane Detailed Results
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West Coast Hurricane
This scenario quantifies unserved energy as a result from a major hurricane occurring in the
Gulf of Mexico. Because of Orlando’s location within the Florida peninsula, this scenario has
less of an impact on the Orlando service area. As shown in Section 2.4.4, the only resource
affected by a west coast hurricane is assumed to be solar. As Exhibit 51 shows, the portfolios
that perform best in this scenario are the Calibration Portfolio and Modular Nuclear
Portfolios. Since the Calibration Portfolio and Modular Nuclear Portfolio have less solar
capacity in 2035, less unserved energy is observed in this year. In 2045, the Calibration
Portfolio maintains a lot of dispatchable generation through the added natural gas-fired
combined cycle and peaker capacity. The Modular Nuclear Portfolio has 570MW of nuclear
capacity in this year and the portfolio can rely on the steady output of this plant.
The two portfolios that perform worst in this hurricane scenario are the 100% Renewable by
2050 Portfolio and Coal Retirement 2022/2026 Portfolio. This is due to the heavy reliance on
solar energy in these portfolios, which is the only technology affected by this hurricane
scenario. 2045 shows the most impact for the 100% Renewable by 2050 Portfolio because the
Stanton A unit is retired, which means that this portfolio has much less dispatchable capacity
that can make up for the loss of solar output.
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Exhibit 53:

West Coast Hurricane Detailed Results
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Gas Pipeline Disruption
The last scenario analyzed for the Resiliency Attribute is a large gas pipeline disruption in the
Florida peninsula. As the name suggest, this scenario only affects natural gas-fired plant
output (100% in the first week, 50% in the second week) by significantly reducing the amount
of natural gas delivered to various gas plants throughout the FRCC and OUC service areas. As
Exhibit 54 shows, most portfolios perform comparably in 2025. However, the Coal Retirement
2022/2026 Portfolio has slightly more unserved energy in 2025 because of a Stanton coal unit
retiring in 2022. Overall, the portfolios that perform worst in this scenario are the Calibration
and Gas Conversion 2026/2029 Portfolio since these portfolios rely heavily on gas capacity
through most of the forecast. The Gas Conversion 2026/2029 Portfolio has the most unserved
energy in 2035 due to the reasons described above. The Calibration Portfolio has the most
unserved energy in 2045 because of large amount of gas capacity installed in this year.
The portfolios that perform best in this metric are the Net Zero CO2 by 2050 Portfolio and
100% Renewable by 2050 Portfolio. In 2025 these portfolios perform similar to the other
Candidate Portfolios. However, these portfolios excel in 2035 and 2045. In 2035, these
portfolios maintain both Stanton coal units, providing sufficient reliable and dispatchable
capacity, similar to some other Candidate Portfolios. In 2045, after the retirement of the
Stanton coal units, these portfolios have a significant amount of solar and battery storage
capacity to assist with the loss in gas capacity in this year.
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Exhibit 54:

Gas Pipeline Disruption Detailed Results
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8.5 Findings and Recommendations
This EIRP report is designed to provide OUC with the information needed to consider the
tradeoffs associated with the different Candidate Portfolios. By comparing all Candidate
Portfolios, this study was able to establish some key findings.
Exhibit 55:

EIRP Key Findings

Although attainable, developing a high renewable portfolio that meets all of OUC’s load under
expected conditions without relying on purchases can significantly increase costs.
Retiring or converting the Stanton coal units early in the forecast is essential to achieving a high
probability of meeting the Net Zero CO2 target and interim targets under varying conditions.
Converting the Stanton coal units instead of retiring them greatly reduces the need for solar and
storage capacity, while still significantly reducing emissions.
Converting the Stanton coal units enables OUC to bridge technology advances and take advantage
of technology improvements as well as reductions in costs of these technologies. Additionally,
potential stranded costs are avoided, and the converted units can use existing transmission
infrastructure at the Stanton Energy Center.
Maintaining a highly diverse portfolio assists with better performance on the key Attributes of
Reliability, Affordability, and Resiliency.
Source: Siemens PTI

After rolling up the scores across the different metrics and weighting the Attribute as previously
described, the resulting final balanced scorecard is presented in Exhibit 56. As described in Section
8.3, the only Candidate Portfolios that have a 95% probability of meeting all Net Zero CO2 targets
are the Gas Conversion 2026/2029 Portfolio and Coal Retirement 2022/2026 Portfolio. Out of
these two portfolios, the Gas Conversion 2026/2029 Portfolio is the best performing portfolio
“Leading Portfolio” with a weighted score of 3.0.
Exhibit 56:

Final Balanced Scorecard

Source: Siemens PTI

After considering the key findings and the balanced scorecard, this EIRP established the
recommended refinements to the Leading Portfolio as described in the following section to
determine the Optimized Portfolio.
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9. OUC’s Optimized Portfolio
9.1 Introduction
After conducting the development and analysis of the original Candidate Portfolios, OUC and Siemens
PTI identified the Gas Conversion 2026/2029 Portfolio as the Leading Portfolio as it was the best
performing portfolio that maintained a 95% probability of meeting all Net Zero CO2 targets
throughout the forecast. Therefore, the Gas Conversion 2026/2029 Portfolio was used as a starting
point and further refined to develop the recommended Optimized Portfolio.

9.2 Optimized Portfolio Advantages
The Optimized Portfolio provides the following advantages over the Leading Portfolio:
The Optimized Portfolio converts the Stanton coal units earlier – starting no later than 2025 and
completed no later than 2027 compared to 2026 and 2029 for the Leading Portfolio. The converted
gas units are planned to be retired by 2040.
The Optimized Portfolio reduces CO2 emissions by approximately 7.6 million tons over the forecast
period compared to the Leading Portfolio under expected conditions. Additionally, the optimized
portfolio will substantially reduce and later eliminate other non-CO2 emissions such as Sulfur dioxide,
Nitrogen Oxides, particulates, etc.).
Adding wind capacity late in the forecast period increases resource diversity, likely improving both
Reliability and Resiliency compared to the Leading Portfolio. This also reduces the need for solar and
storage in the long term.
The Optimized Portfolio incorporates a higher level of storage in the near-term, facilitating a potential
higher level of Reliability.
The Optimized Portfolio avoids some operations costs, improving Affordability. It bridges technology
advances while keeping the overall portfolio cost down.
These revisions made to the Leading Portfolio results in the portfolio illustrated in Exhibit 57 with the
resource mix by technology shown in Exhibit 58.
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Exhibit 57:

Optimized Portfolio Build-Out (2020-2050)

Source: Siemens PTI

Exhibit 58:

Optimized Portfolio Installed Capacity

Source: Siemens PTI

A brief description of the enhancements to the Optimized Portfolio within the context of the Attributes
follows.
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Reliability
The Optimized Portfolio contains more technology diversity than the Leading Portfolio. This includes
the natural gas conversions, solar, storage, wind, and nuclear. The increase in technologies in this
portfolio is expected to contribute to its Reliability.

Affordability
The Optimized Portfolio bridges technology advances while keeping the overall portfolio cost down.
Potential stranded costs are avoided by not spending resources for the construction of new natural
gas-fired capacity and taking advantage of existing transmission infrastructure at the Stanton Energy
Center. Gas conversion capital costs are 5 to 10% of the cost of a new Combined Cycle gas plant. This
allows for the retirement of the converted natural gas-fired units by 2040 without the risk of stranded
costs.
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Sustainability
The Optimized Portfolio introduces some changes to the Leading Portfolio to increase Sustainability.
By converting the Stanton coal units earlier, it avoids the high CO2 emissions from burning coal.
Additionally, retiring the gas conversion units further reduces CO2 emissions. The Optimized Portfolio
reduces CO2 emissions by approximately 7.6 million tons over the entire forecast compared to the
Leading Portfolio. To put this into perspective, this is the equivalent of the annual emissions of
approximately 1.7 million passenger cars.30
Exhibit 59:

8,000,000

Optimized Portfolio CO2 Emissions Stochastic Distributions

5th Percentile
95th Percentile

25th Percentile
Mean

50th Percentile
Limit with Offsets

75th Percentile
Limit w/o Offsets

7,000,000

CO2 Emission (Tons)

6,000,000

5,000,000
4,000,000
3,000,000
2,000,000
1,000,000

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

0

Source: Siemens PTI

Exhibit 59 illustrates the impact of retiring fossil fuel capacity on CO2 emissions within the portfolio.
CO2 emissions are reduced when the coal units are converted to natural gas starting no later than
2025 and completed no later than 2027, after the Stanton A PPA ends in 2032, and upon the
retirement of the conversion units.
As Exhibit 59 shows, the Optimized Portfolio maintains a 95% probability of meeting all Net Zero CO2
target throughout the forecast period. The 2030 and 2040 interim targets are expected to be met

30

This is based on data from EPA that calculates an annual average CO2 emission of 4.6 metric tons for one passenger vehicle.
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without the need for offsets through EV adaptation. In 2050, the offsets are required because the
Optimized Portfolio maintains the Indian River gas peaker units and the Stanton A and B combined
cycles to maintain dispatchable capacity to ensure Reliability.
The second metric within the Sustainability Attribute is the amount of clean generation in the
portfolio in 2050 on an expected basis. Exhibit 60 shows the energy generation by technology in 2050
for the Optimized Portfolio. Solar generation makes up almost three-quarters of the generation in
2050. The other clean generation technologies (Nuclear and Wind) contribute another 18% of the
clean generation. This provides a total of 90% non-CO2 emitting energy generation in 2050 for the
Optimized Portfolio. The only fossil fuel fired capacity generating energy in 2050 is OUC’s portion of
the Stanton A and B combined cycle units. The Indian River peaker units are still operating but are
generating a negligible amount of energy in 2050.
Exhibit 60:

Percentage of Total Energy Generation (MWh) by Technology (2050)
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Source: Siemens PTI

Resiliency
The addition of wind generation reduces the solar and storage required to achieve energy sufficiency.
Energy from wind resources is generally available at different times of day from solar resources important
for Reliability and Resiliency.
Once the gas conversion units are retired and replaced with wind capacity, the portfolio is more
resilient. The Optimized Portfolio has a high technology diversity, including the gas conversion and
wind capacity in the latter part of the forecast, minimizing the impact of a hurricane.
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10. Challenges and Opportunities
This EIRP presents a way forward for OUC to meet its load while significantly reducing its CO2
emissions. However, since the state of the market will change over the next few years, it is important
to consider both the challenges and opportunities that the Optimized Portfolio may present across
the different Attributes described in this analysis. The following challenges and opportunities can be
considered in future EIRP analyses conducted for OUC.

10.1 Reliability
Reserve margin focused on capacity will become less relevant and energy sufficiency more relevant as
intermittent resources become more prevalent in the resource mix. Solar intermittency challenges are
more acute in Florida than other areas of the country that allow large areas to pool resources to take
advantage of load and resource diversity.

10.2 Affordability
To ensure energy sufficiency from solar and storage during high demand periods, OUC will have an energy
surplus during lower demand periods. Managing this energy surplus may provide benefits that help to
contain costs while maintaining reliability and other important Attributes.
Increased solar capacity increases remote generation as compared to local generation, with implications
for transmission wheeling costs, interconnection costs and potentially local jobs.

10.3 Sustainability
Unlike other parts of the country, solar energy is the only renewable resource currently economically
viable at scale in Florida. Wind by wire energy could be made available by mid-2030s and OUC should
continue to monitor its availability. OUC should also continue to evaluate and monitor emerging clean
resources such as hydrogen, offshore wind and small modular nuclear technologies.

10.4 Resiliency
OUC will have greater reliance on transmission infrastructure. Greater geographical diversity of renewable
energy will be required to minimize the risk of weather extremes like hurricanes, major storms, heat
waves, cloud cover, and other severe weather events. Generation diversity will need to remain part of the
OUC strategy.
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A

This summary includes national capital cost forecasts from Siemens PTI by technology class. 31 All
capital cost assumptions are considered to be “all-in” overnight capital costs which include EPC costs
(Engineering, Procurement, and Construction), developer costs (i.e. land acquisition, permitting,
legal, etc.), and financing interest during construction. However, these capital costs only include
onsite costs up to the point of interconnection.32
Estimates of unit cost are provided in Appendix A. According to the American Association of Cost
Engineers (AACE), this is a Class 4 estimate appropriate for a study with an expected accuracy range
on the low side: -15% to -30%, and on the high side: +20% to +50%. Given the modularity and
experience building most generation technologies, Siemens PTI believes the cost estimates we
provide are closer to Class 3 estimates and within a tighter range of accuracy than AACE defines.
•

The estimates are for typical units of a class (i.e. Advanced class CT = G, H, J, or HA CT models
depending upon the vendor), the unit models presented are typical for the class, and do not
necessarily represent the specific models used as a basis for the estimate. Specific units may be
chosen during a procurement process when vendors provide both unit performance and cost
guarantees.

•

Performance (e.g. heat rates) are based on International Organization for Standardization (ISO)
conditions. ISO Conditions means the reference temperature, humidity and pressure conditions
established by the International Standards Organization. ISO Conditions means 59 degrees
Fahrenheit and 60% relative humidity. Only in extreme cases (i.e. high elevations or exceptional
temperatures) does Siemens PTI adjust performance estimates to locational specificity, which
does not apply in Florida, though adjustments are made for local cost conditions.

•

Provided estimates are “inside-the-fence” and account for all EPC and owners costs, including
interest during construction, insurance and taxes. They do not include the cost of fuel, water, or
waste pipelines, rail, or transmission upgrades since the exact location of the study plant is
unknown. A cost of interconnection was not included but a cost for fuel transport was included.

•

Technology cost and performance estimates are based on a combination of public and private
sources which provide a range of potential inputs. No single budgetary estimate source will
exactly represent the performance of a given unit when constructed. Vendors will assess site

31

Regional capital cost forecasts for FRCC and SERC are developed by applying regional multipliers from the EIA AEO
to the Siemens national capital cost forecasts.
32
Siemens “all-in” capital costs do not include additional transmission/interconnection costs past the busbar as
these costs are highly variable and dependent on project specific details.
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conditions during a procurement process and develop a specific offer which guarantees both
performance and cost.
•

Vendors operate in a highly competitive market and they continually improve unit performance
and cost. As a result, a given turbine model (i.e. F-class) will perform better two to three years
from now than today, while still being termed “F-class.” Thus, the studies and tools used to
develop the performance and cost estimates may not represent the exact characteristics of a new
unit purchased today, though the difference will be small, and the characteristics will remain
within the bounds provided. Even vendor websites often lag in presenting their latest
performance.

•

Even within a given equipment model, customers have choices which influence performance and
cost, and those choices are not always apparent. They may select wet or dry cooling, add
evaporative cooling, require on-site gas compression, or add a range of duct firing capability, for
example. This is one key reason Siemens PTI does not use project announcements in establishing
technology cost and performance estimates. Announcements typically lack a clearly delineated
supply scope and condition definition.

Siemens PTI capital cost forecasts are assumed for the year of commercial operation. Development
timelines are considered for building new generation or storage, and interest during construction is
included in the all-in capital cost estimation. Siemens PTI applied a weighted average cost of capital
(WACC) of 6.3%, as provided by OUC, for plants OUC would finance.
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Exhibit 61:

Siemens PTI New Resource Technology Cost and Financial Assumptions

Technology

Fuel

Constructio
n Time (Yrs)

Winter Capacity (MW)

Average Heat
Rate (Btu/kWh),
HHV

VOM
(2019$/
MWh)

FOM
(2019$/
kW-yr)

Range of
Capital Cost
(2019$/kW)

Book
Life

Advanced 1x1
CCGT, Fired

Nat.
Gas.

3

605

6,800

$1.50

$15.60

$945-838

30

Conventional
1x1 CCGT, Fired

Nat.
Gas.

3

385

7,000

$2.00

$17.50

$1005-892

30

Simple Cycle
Conventional
Frame 7FA CT

Nat.
Gas.

2

225

8,900

$4.50

$12.50

$777-683

30

Simple Cycle
Large Aero CT

Nat.
Gas.

2

100

9,000

$5.50

$15.60

$1074-944

30

Simple Cycle
Small Aero CT

Nat.
Gas.

2

50

9,000

$5.50

$15.60

$1163-1023

30

Landfill Gas

RNG

2

5

11,575

$12.50

$17.50

$2578-2267

40

Utility Solar PV Tracking (Large)

Sun

1

74.5

N/A

$0.00

20.80

$1148-738

20

Utility Solar PV Tracking (Small)

Sun

1

10

N/A

$0.00

$20.80

$1236-795

20

Wind-by-Wire

Wind

2

100

N/A

$49.48

0

N/A

N/A

Lithium Ion
Batteries (4 hrs.)

Elec.
Grid

1

50 MW

200 MWh

N/A

$1.00

$32.80

$1201-580

20

Lithium Ion
Batteries (4 hrs.)

Elec.
Grid

1

5MW

20MWh

N/A

$1.00

$32.80

$1357-647

20

1

50MW

300MWh

N/A

$3.00

$28.10

$2075-781

20

1

5MW

30MWh

N/A

$3.00

$28.10

$2370-883

20

1

50MW+
12.5MW

50MWh

N/A

$1.00

$26.00

$1273-671

20

N/A

$15.00

$167.80

$9215-4734

40

Flow Batteries
(6 hrs.)
Flow Batteries
(6 hrs.)
Solar + 4 hr
Storage
Nuclear SMR

Elec.
Grid
Elec.
Grid
Sun/Elec
. Grid
Uraniu
m

7

570

Source: Siemens PTI
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B

In order to perform the stochastic analysis, a set of probability distributions are required for key
market driver variables. These include probabilistic distributions for demand growth (load), fuel costs
(natural gas and coal), environmental compliance costs (CO2), and capital costs.

B.1

Load Stochastics

To account for variations in electricity demand stemming from economic growth, weather, and
energy efficiency and demand side management measures, Siemens PTI developed stochastics
around the load growth expectations for the OUC control area and the neighboring ISO zones. While
values in the 95th percentile are driven by strong economic growth, values in the 5th percentile are
driven by economic stagnation as well as energy efficiency and demand-side management
implementation.
Siemens PTI’s long-term load forecasting process is a two-step process that captures both the impact
of historical load drivers such as economic growth and variability of weather (parametric step) and
the possible disruptive impacts of energy efficiency penetration (quantum step) in constructing the
average and peak demand outlook.
Finally, Siemens PTI benchmarked the projections against FRCC-sponsored load forecasting studies
that are conducted by independent consultants and institutions and then released into the public
domain. The process to benchmark the load to FRCC’s forecasts is undertaken during the quantum
step, which is described below.

B.1.1 Load Forecast Process
The process for developing stochastic distributions for OUC and surrounding FRCC and SERC zones
loads begins with a deterministic estimation of load uncertainties, followed by parametric and
quantum forecasts for the FRCC and SERC zones.
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Exhibit 62:

Process for Developing Stochastic Distribution

To address demand uncertainty in modeling and capture the risk associated with demand growth,
Siemens PTI produced a distribution of monthly average and peak loads using the methodology
described below and summarized in the following flow chart.

B-2

Copyright © 2020 Siemens Industry, Inc. All Rights Reserved.

Unrestricted

Orlando Utilities Commission
2020 Electric Integrated Resource Plan Report

Exhibit 63:

Flow Chart to Address Load Uncertainty

Source: Siemens PTI

With respect to the historical driver analysis, we find that historical monthly weather data and
personal income have explained changes in monthly average and peak load well. This relationship
forms the basis for Siemens PTI’s load uncertainty analysis. The basic premise of the model is that
load can be expressed as a function of heating degree days, cooling degree days, humidity, and
personal income.
Load_t=α+ β_1*HDD_t+ β_2*CDD_t+ β_3*HUM_t+ β_4*PI_t+ ξ_t
Where the independent variables are:
•
•
•
•
•
•
•
•

HDD (Heating Degree Days): 65 - Average daily temperature in degrees Fahrenheit or zero (HDD
is never negative)
CDD (Cooling Degree Days): Average daily temperature -65 in degrees Fahrenheit or zero. (CDD is
never negative)
HUM (Humidity): Average daily percent humidity
PI: Personal Income
ξ: A normally distributed variable with mean 0 and constant variance
α: A constant derived from the regression analysis
β_n: Coefficients derived from the regression analysis
t: Month of the year
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A stepwise regression then calibrates this model for the historic net peak and average OUC load data.
The stochastic distributions of the load were then computed by running 200 iterations on the
independent variables as the randomly generated input parameters and applied to the equation and
the calibrated model coefficients above.

B.1.2 FRCC and SERC Forecast Load Uncertainty
The subsequent load stochastics propagation for the surrounding FRCC and SERC zones is conducted
in a two-step process: a parametric step and a quantum step.
The parametric step separately employs the same econometric specification for the FRCC and SERC
Balancing Authorities based on the historical relationships between average and peak load, and key
driver variables, including temperature data (HDD, CDD, and humidity) and an economic factor
variable (personal income for the geographical area). Siemens PTI uses the historical personal income
drift rates and volatility and a sampling from 17 years of historical data for each region or balancing
authority to assess the distribution of overall load growth conditions for each year of the forecast.
The base average and peak demand forecasts are based on the average of the peak and average
demand forecasts.
Siemens PTI benchmarks its outlook against the latest FRCC-sponsored load forecasting study, which
shows the compound annual growth rate for the next 10 year study period. To produce load
stochastics, Siemens PTI propagates three independent random paths: weather data, personal
income, and a residual. Weather data includes heating and cooling degree days and humidity. To
produce reasonable weather data projections, Siemens PTI samples actual yearly paths from history.
On average, we use about 17 years of historical data to perform the weather projections for the
forward study period. Personal income is assumed to follow Geometric Brownian Motion. This means
that there exists a normal distribution with constant mean and variance that describes how the return
on personal income will behave at any time. Historical personal income data produces a best estimate
for the relevant monthly mean and variance of this process going forward. Finally, to account for
unexplained variation in the observed data, Siemens PTI adds a normally distributed residual with
mean zero and standard deviation equal to the root mean squared error of the previously mentioned
stepwise regression.

B.2

Gas Stochastics

Siemens PTI develops natural gas stochastic distributions for Henry Hub and other basis points. These
stochastic distributions are based on a reference case view of natural gas prices with probability
bands developed based on a combination of historical volatility and mean reversion parameters as
well as a forward view of expected volatility.
Siemens PTI has developed stochastics around the price at the Henry Hub (and other gas basis point
as needed) based on historical volatility, current market forwards, and a long-term term fundamental
view that considers the expected supply-demand balance. The 95th percentile probability bands are
driven by increased gas demand (most likely due to coal retirements) and fracking regulations that
raise the cost of producing gas. Prices in the 5th percentile are driven by significant renewable
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development that keeps gas plant utilization down as well as little to no environmental legislation
around power plant emissions.
The steps involved in the development of gas stochastics are:
•

As the first step, Siemens PTI develops the long-term fundamental forecast of Henry hub and
several other gas basis points prices (using the GPCM model). The probability distributions are
developed around this fundamental forecast.

•

From historical data sets, the volatility parameter is calculated using the daily settled prices.
Volatilities for different historical time periods are calculated (such as past 10-years, past 5 years,
recent 2.5 years etc.)

•

The daily gas prices are modeled as a single-factor continuous mean-reverting process. The mean
reversion parameter is also calculated from the historical daily settled prices.

•

For more than one gas basis point prices, the appropriate correlations are also calculated from
the historical data.

•

The entire process to develop the gas stochastics is described in the exhibit below.
Exhibit 64:

Gas Stochastics Development Process

Source: Siemens PTI

•

The volatilities tend to vary for different time periods. In order to capture this for the forecast
time period, different volatility values from different historical time periods are considered. For
example, for the first 3 forecast years, volatility calculated from the past 30 months price data
will be used. For years 4-8, volatility calculated from the past 5 years will be used. Beyond that
time period, the past 10-year historical volatility will be used.

•

For example, Exhibit 65 below shows the volatilities for Henry hub and a gas point in the Northeast
(for illustration), for different historical time periods.
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Exhibit 65:

Henry Hub and TranscoZ6-nonNY Volatility

Source: Siemens

The long-term fundamental forecast for each month in the forecast time period will be treated as the
mean-reverting level in this process.

B.3

Coal Stochastics

Siemens PTI develops coal price stochastic distributions for CAPP, NAPP, ILB and PRB basins.
These stochastic distributions are based on a reference case view of coal prices with probability bands
developed based on a combination of historical volatility and mean reversion parameters.
It is to be noted that majority of coal contracts in the U.S. are bilateral and only about 20% are traded
in NYMEX. The historical data set which is used to calculate the parameters comprise of the traded
data reported in NYMEX, which is weekly.
The methodology involved in the distribution of stochastic coal prices is exactly similar to natural gas
stochastics.
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Exhibit 66:

Process for Coal Price Stochastic

Source: Siemens

The steps involved in the development of coal basin price stochastics are:
•
•

•
•

As the first step, Siemens PTI develops the long-term fundamental forecast of each of the coal
basins. The probability distributions are developed around these fundamental forecasts.
From historical data sets, the volatility parameter is calculated using the weekly prices. Volatilities
for different historical time periods are calculated (such as past 10-years, past 5 years, recent 2.5
years etc.)
The coal prices are modeled as a single-factor continuous mean-reverting process. The mean
reversion parameter is also calculated from the historical prices.
For the four coal basin prices, the appropriate correlations are calculated from the historical data.

B.4

CO2 Stochastics

Siemens PTI develops uncertainty distributions around CO2 compliance costs, which will be used in
the power dispatch modeling to capture the inherent risk associated with regulatory compliance
requirements.
The technique to develop CO2 costs distributions, unlike the previous variables, is based on “expertopinion” based projections. There are no historical data sets to estimate the parameters for
developing CO2 costs distributions. The views of the internal subject matter experts (Siemens PTI’s)
are taken into consideration. The exhibit below shows the high-level methodology for developing
stochastic distributions when the historical data is not available.
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Exhibit 67:

Technique to Develop CO2 Costs Distributions

Source: Siemens PTI

Given below are the steps involved in this process:
•

Siemens PTI’s environmental team develops a reference case (base case) forecast, and an
associated high and low case. In addition to the high and low cases, the probability values for the
high and low cases are also developed.

•

These three cases are treated as 16th, 50th and 84th percentiles. Using these percentiles and
statistical techniques (tools), the standard deviation values are calculated.

•

The reference case is treated as the mid-case (median).

•

Using the standard deviation values and a sampling from an underlying standard normal
distribution (which has a mean zero and variance one), the probability bands are constructed
around the reference projections. This underlying distribution captures the “quantum” events
that can happen in the market.

•

The distributions are then adjusted to incorporate probabilities such as “the probability of a CO2
program not taking effect”, “greater chance of a nation-wide CO2 regime starting in, say 2022”
etc.

•

Separate distributions are developed for national CO2 costs, California CO2 costs and Regional
Greenhouse Gas Initiative (RGGI) prices, which are then applied to the respective states.

B.5

Gas-Coal-CO2 prices feedback (Cross-Commodity Correlations)

Siemens PTI has implemented a distinct process to capture the cross-commodity correlations into the
stochastic processes. This is a separate process which is implemented after modeling the gas, coal
and CO2 processes discussed above.
The exhibit below describes the coal and CO2 feedback to gas prices. At a high level, the feedback
effects are based on statistical relationships between coal and gas switching and the variable cost of
coal and gas generators.
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Exhibit 68:

Cross Commodity Correlations

Source: Siemens PTI

•

•
•

•
•

Siemens PTI has performed some fundamental analyses to define the relationship between gascoal dispatch cost and demand; incremental gas demand curve as a function of the gas-coal
differential was calibrated.
For each iteration, the dispatch cost of gas and coal is calculated from the fuel stochastics and
CO2 stochastics, along with generic assumptions for VOM.
If the gas-coal dispatch differential changes significantly enough to affect demand, gas demand
from previous year is adjusted to reflect the corresponding change in demand. Adjustment can
happen in both directions.
A gas price delta is then calculated based on the defined gas demand-price relationship
developed.
This gas price delta is added to the gas stochastic path developed from historic volatility to
calculate an integrated CO2 and natural gas stochastic price.

B.6

Capital Cost Stochastics

Siemens PTI develops the uncertainty distributions for the cost of new entry units by technology
types, which were used in the AURORA dispatch model for determining the economic new builds
based on market signals. The exhibit below describes the methodology at a high level.
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Exhibit 69:

Capital Costs Stochastics Methodology

Source: Siemens PTI

The methodology to develop the capital cost distributions is a two-step process:

B.7

Step 1: Parametric Distribution:

Siemens PTI’s subject matter experts provide a reference case forecast of $/KW all-in capital costs for
different technology types. Along with it, high and low case forecasts are also developed.
The plant costs are broken down by Equipment, Materials, Labor & Others. Historical data (from
Handy-Whitman Index) is used to estimate mean price changes and volatilities in these cost
categories.
Suitable weights are allocated to each of these 4 categories. The weighted average of the historical
mean and volatilities are then estimated.
Using the mean and volatility values, and sampling from an underlying standard normal distribution
(which has a mean zero and variance one), the probability bands are constructed around the
reference forecast.

B.8

Step 2: Quantum Distribution:

This step captures the additional uncertainty associated with each technology. It also factors-in the
learning curve effects, improvements in technology over time and other “uncertain” events. The
expert-opinion based high and low cases are treated as 1 standard deviation from the mean. With
this assumption, the variance values are calculated.
To come with probability distributions, a log-normal distribution is assumed. This distribution is
combined with the parametric distribution obtained in the previous step, to come up with the final
set of distributions
B-10
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C

Advisory Council
The OUC EIRP Advisory Council is 12-member volunteer group – nominated by elected City and
County Commissioners from Orange and Osceola counties and the Cities of Orlando and St. Cloud –
who represent a cross-section of our community. The role of the Advisory Council – as advisors,
educators and a connection point to the communities they represent – is to serve as a voice for all
stakeholder groups. These groups include residential customers, fixed income groups, community
partners, environmental groups, OUC program participants, and Orange and Osceola County
residents.
Affordability
An electric system’s ability to produce and deliver energy at an affordable cost with minimal price
fluctuations.
Siemens PTI uses metrics related to the portfolio costs of generation and transmission, including
fixed cost recovery, and the uncertainty of portfolio costs to measure each Candidate Portfolio for
this Attribute.
Attributes
A quality or characteristic of a portfolio. For the purpose of the EIRP, the four Attributes
(Affordability, Reliability, Resiliency, Sustainability) are the primary objectives used to evaluate the
performance of all Candidate Portfolios.
Calibration Portfolio
This portfolio serves as a business-as-usual (BAU) outlook of expected market conditions and
expected load. The Calibration Portfolio also serves as a benchmark to measure the performance of
other portfolios relative to a baseline.
Candidate Portfolios
For the purpose of the EIRP, Candidate Portfolios are developed to be tested against the four
Attributes for potential selection as OUC’s resource strategy.
CO2 Offsets to Meet Net Zero CO2 Goals
CO2 offsets were calculated from the use of electric vehicles to potentially offset any CO2 emissions
from electricity generation. The electric vehicles forecast is consistent with OUC’s 2025 strategic
plan. Although other types of offsets are available such as market purchases of credit and
reforestation, no other offsets are used for the purpose of this EIRP.
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Conditions
Conditions represent external scenarios that influence and affect the financial, technical and
operational environments in which future generation resources should be considered including
technology advancements and regulatory changes.
Demand (Peak Demand)
The rate of electricity consumption over any instance. It is typically measured in kilowatts (kW) or
megawatts (MW).
Deterministic Modeling
A deterministic model is one where variables are uniquely determined by parameters in the
model33. In other words, the analysis or simulation is conducted with one set of inputs and one set
of outputs. A deterministic model does not capture the uncertainty inherent in forecasts.
Dispatchable Generation
Dispatchable generation refers to a type of generation that can be controlled to balance real-time
electricity supply and demand. Most conventional power sources such as coal or natural gas power
plants are dispatchable in order to meet the always changing electricity demands of the population.
In contrast, many renewable energy sources are intermittent and non-dispatchable, such as wind
power or solar power which can only generate electricity while their primary resource is available34.
Energy
Energy is defined as the electricity consumption by consumers over a period of time. It is typically
measured in kilowatt-hours (kWh) or megawatt-hours (MWh).
Battery Energy Storage Systems
While battery energy storage cannot generate electricity, energy can be stored and later
reconverted to electricity on demand. For the purpose of the EIRP, battery energy storage systems
store energy from solar arrays or the electric grid and provide energy to consumers when needed.
Battery energy storage systems can be used to improve the dispatchability of solar or wind energy
systems.
Net Zero CO2
Net Zero CO2 refers to a condition of zero CO2 emissions from electric generation net of any
recognized offsets such as avoided CO2 emissions from electric vehicles.
Pathways

33
34

Renard, Philippe, et al. “Stochastic versus Deterministic Approaches.” Environmental Modelling, 2013, pp. 133–149., doi:10.1002/9781118351475.ch8.
https://energyeducation.ca/encyclopedia/Dispatchable_source_of_electricity#cite_note-2
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Methodologies and/or strategies to achieve the EIRP objective to reach the Net Zero CO2 goal by
2050. Pathways are used to develop Candidate Portfolios. Examples of pathways used in the EIRP
are:
•
•

•
•
•

Net Zero CO2 by 2050 – Both CO2-free and CO2-generating resources are used.
100% Renewable Energy by 2050 w/ Intermediate Targets – Meets the City of Orlando’s target of
100% renewable energy by 2050 with intermediate benchmarks for OUC of 50% Renewable
Energy Generation by 2030 and 75% Renewable Energy Generation by 2040.
100% Renewable Energy by 2050 w/ Intermediate Targets including Nuclear – Same as Pathway 2
but with Nuclear and Biomass included as potential resources.
100% Net Zero CO2 by 2050 (OUC+FL) – Same as Pathway 1 but with all Florida Utilities required
to offset their CO2.
Stanton Plant Retirement (Stanton Phase-Out) – Follows the first unaffiliated Synapse report
(circa 2018) that posits the retirement of the Stanton 1 coal unit and the Stanton 2 coal unit with
only renewable energy and storage capacity allowed to backfill.

Reliability
An electric system’s ability to effectively produce and deliver the energy required by customers with
minimal interruptions and consistent quality while maintaining compliance.
Each portfolio is designed to meet or exceed the Reliability requirement of 100% energy sufficiency
as an islanded system under expected deterministic conditions. All portfolios meet this minimum
threshold. Siemens PTI uses unserved energy and technological diversity as metrics to measure the
Reliability of Candidate Portfolios.
Resiliency
An electric system’s ability to adapt to uncontrollable events – such as weather extremes
(hurricanes, major storms, heat waves, cloud cover, other extreme weather events) – maintain
physical and cyber security, and quickly bounce back following an interruption.
Siemens PTI uses scenario analysis simulating system shocks such as hurricanes and gas pipeline
disruptions and metrics related to unserved energy to measure each portfolio for this Attribute.
Stochastic Modeling
A stochastic model attempts to capture the uncertainty inherent in forecasts. Whereas a
deterministic model has one set of inputs and one set of outputs for each variable, a stochastic
model may have a range of inputs and outputs for each variable. For the purpose of the EIRP,
Siemens PTI uses a stochastic modeling approach that simulates a broad range of market
conditions, capturing the uncertainty in electricity demand, fuel prices, emissions prices, and the
capital costs for generating technologies.
Sustainability
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An electric system’s ability to produce energy in a way that proactively reduces pollution and
impacts on the surrounding ecosystem.
For the purpose of the EIRP, Sustainability is synonymous with environment stewardship through
the use of “clean” generating technologies.
Synapse Study (August 1, 2018)
A third-party study provided by the First Fifty Coalition that details how the Stanton coal plant could
be closed in a short time frame. Synapse proposes to retire one Stanton Coal unit at the end of 2020
and a second Stanton coal unit as soon as possible thereafter. The Synapse report was revised in
June 2020.
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D

Capacity
Holder

Plant Name

Resource Location (for
modeling)

441.0

441.0

68.5%

302.1

302.1

25%

75.4

Coal

Jul-87

n/a

9,806

168

60

120

120

7.7%

9.6%

202

0.1200

0.2500

OUC GEN

Stanton 1 (effective May 1, 2020) 453.0

453.0

68.5%

310.3

310.3

24%

75.4

Coal

Jul-87

n/a

9,200

168

60

120

120

7.7%

9.6%

202

0.1200

0.2500

OUC GEN

453.0

453.0

75.0%

339.8

339.8

24%

82.5

Coal

Jun-96

n/a

9,184

168

60

120

120

7.7%

9.6%

202

0.1100

0.1400

OUC GEN

Stanton 2 (effective Dec 1, 2020) 463.0

463.0

75.0%

347.3

347.3

24%

82.5

Coal

Jun-96

n/a

9,050

168

60

120

120

7.7%

9.6%

202

0.1100

0.1400

OUC GEN

n/a

Stanton 1

Stanton 2

OUC
Assets

Summer Winter
Entity
Entity
Minimum
Ramp
Emission Emission Emission
Summer Winter
Capacity Capacity Minimum Share
Minimum
Ramp Up
Average Average
Share of
Down
Down
Rates
Rates
Rates
Capacity Capacity
by Entity by Entity Capacity Minimum Fuel Type COD End Date Heat Rate Up Time
Rate
Forced Maintenance
Capacity
Time
Rate
lbs/MMBtu lbs/MMBtu lbs/MMBtu
(MW)
(MW)
Share
Share
(%)
Capacity
(Hours)
(MW/Hour)
Outage Rate (%)
(%)
(Hours)
(MW/Hour)
(CO2)
(SOx)
(Nox)
(MW)
(MW)
(MW)

Stanton A Owned (1x1)

230.0

235.0

80%

184.0

188.0

66%

124.0

Natural Gas Oct-03

7000 / 8000

40

8

360

360

4.6%

7.0%

119

0.0000

0.0180

OUC GEN

Stanton A PPA (2x1)

332.8

340.0

80%

266.2

272.0

54%

148.0

Natural Gas Oct-03 12/31/2031 6800 / 7500

8

8

720

720

4.6%

7.0%

119

0.0000

0.0180

OUC GEN

Stanton A PPA (DF)

107.6

110.0

80%

86.0

88.0

36%

32.0

Natural Gas Oct-03 12/31/2031

12,000

2

1

120

120

4.6%

7.0%

119

0.0000

0.0180

OUC GEN

Stanton B CC + PA

271.1

285.0

100%

271.1

285.0

53%

150.0

Natural Gas Feb-10

n/a

7,400

36

8

360

360

4.6%

7.0%

119

0.0000

0.0050

OUC GEN

Stanton B Duct-Burner

39.9

42.0

100%

39.9

42.0

0%

0.0

Natural Gas Feb-10

n/a

9,350

n/a

n/a

30

30

4.6%

7.0%

119

0.0000

0.0050

OUC GEN

Indian River A

30.2

35.0

48.8%

14.7

17.1

63%

10.7

Natural Gas Jun-89

n/a

13,200

1

1

300

300

11.2%

3.9%

119

0.0000

0.1300

OUC GEN

Indian River B

30.2

35.0

48.8%

14.7

17.1

63%

10.7

Natural Gas Jul-89

n/a

13,200

1

1

300

300

11.2%

3.9%

119

0.0000

0.1000

OUC GEN

Indian River C

103.2

110.0

79%

81.5

86.9

32%

27.7

Natural Gas Aug-92

n/a

12,400

1

1

600

600

7.6%

3.9%

119

0.0000

0.0720

OUC GEN

Indian River D

103.2

110.0

79%

81.5

86.9

32%

27.7

Natural Gas Oct-92

n/a

12,400

1

1

600

600

7.6%

3.9%

119

0.0000

0.0650

OUC GEN

St Lucie

60.0

62.0

100%

60.0

62.0

100%

60.0

Nuclear

n/a

10,500

n/a

n/a

n/a

n/a

3.8%

8.3%

n/a

n/a

n/a

OUC GEN

C. D. McIntosh Jr. 3

352.1

360.0

40%

140.8

144.0

50%

72.0

Coal

Sep-82 12/1/2024

10,163

168

60

180

180

7.9%

9.6%

205

0.0520

0.0540

OUC GEN

Florida Municipal Solar PV1-3

223.5

0.0

48%

54.0

0.0

n/a

n/a

Solar

Jun-20 6/30/2050

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN

Invenergy Kissimmee

74.5

0.0

100%

37.3

0.0

n/a

n/a

Solar

Dec-22 12/31/2042

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN

Invenergy Sabal Palm

74.5

0.0

100%

37.3

0.0

n/a

n/a

Solar

Dec-23 12/31/2043

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN

Stanton Solar Farm

6.0

0.0

100%

3.0

0.0

n/a

n/a

Solar

n/a

8/31/2030

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN

Stanton Solar PPA (Ksionek)

8.9

0.0

100%

4.5

0.0

n/a

n/a

Solar

n/a

8/31/2037

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN
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Capacity
Holder

NonOUC
FMPA
Assets

Plant Name

Resource Location (for
modeling)

Landfill Gas (CBI @ Drury)

9.0

9.0

100%

9.0

9.0

n/a

n/a

LFG

n/a 10/31/2035

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN

Landfill Gas PPA (Broward)

6.0

6.0

100%

6.0

6.0

n/a

n/a

LFG

n/a

3/31/2036

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN

Landfill Gas PPA (Charlotte)

2.6

2.6

100%

2.6

2.6

n/a

n/a

LFG

n/a

9/30/2031

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

OUC GEN

Cane Island 1 - CT

35.0

38.0

100%

35.0

38.0

30%

0.0

Natural Gas

n/a

n/a

9,000

6

4

308

308

4.6%

7.0%

119

0.0000

0.0247

FMPA KUA GEN

Cane Island 2 - CC

109.0

113.0

100%

109.0

113.0

30%

33.9

Natural Gas 1995

n/a

7,910

6

4

151

151

4.6%

7.0%

119

0.0000

0.0247

FMPA KUA GEN

Cane Island 3 - CC

240.0

250.0

100%

240.0

250.0

30%

75.0

Natural Gas 2002

n/a

7,400

6

4

335

335

4.6%

7.0%

119

0.0000

0.0247

FMPA KUA GEN

Cane Island 4 - CC

300.0

310.0

100%

300.0

310.0

30%

93.0

Natural Gas 2011

n/a

7,400

6

4

415

415

4.6%

7.0%

119

0.0000

0.0247

FMPA KUA GEN

St Lucie

9.0

9.0

100%

9.0

9.0

90%

8.1

n/a

10,500

n/a

n/a

n/a

n/a

3.8%

8.3%

n/a

n/a

n/a

FMPA KUA GEN

Indian River A

30.2

35.0

51.2%

15.4

17.9

63%

11.3

Natural Gas Jun-89

n/a

13,200

1

1

300

300

11.2%

3.9%

119

0.0000

0.1300

OUC GEN

Indian River B

30.2

35.0

51.2%

15.4

17.9

63%

11.3

Natural Gas

n/a

n/a

13,200

1

1

300

300

11.2%

3.9%

119

0.0000

0.1000

OUC GEN

Indian River C

103.2

110.0

21%

21.7

23.1

32%

35.0

Natural Gas

n/a

n/a

12,400

1

1

600

600

7.6%

3.9%

119

0.0000

0.0720

OUC GEN

Indian River D

103.2

110.0

21%

21.7

23.1

32%

35.0

Natural Gas

n/a

n/a

12,400

1

1

600

600

7.6%

3.9%

119

0.0000

0.0650

OUC GEN

Larsen 2

10.0

14.0

100%

10.0

14.0

30%

4.2

Natural Gas

n/a

n/a

15,500

6

4

114

114

4.6%

7.0%

119

0.0000

0.0247

LAKELAND GEN

Larsen 3

9.0

13.0

100%

9.0

13.0

30%

3.9

Natural Gas

n/a

n/a

15,500

0

0

105

105

21.4%

3.9%

119

0.0000

0.0112

LAKELAND GEN

Larsen 8

105.0

124.0

100%

105.0

124.0

30%

37.2

Natural Gas

n/a

n/a

9,000

0

0

166

166

21.4%

3.9%

119

0.0000

0.0112

LAKELAND GEN

C. D. McIntosh Jr. 3

352.1

360.0

60%

211.2

216.0

50%

108.0

Coal

n/a

12/1/2024

10,163

168

60

180

180

7.9%

9.6%

205

0.0520

0.0540

LAKELAND GEN

C. D. McIntosh Jr. 5

338.0

354.0

100%

338.0

354.0

30%

106.2

Natural Gas

n/a

n/a

7,400

6

4

474

474

4.6%

7.0%

119

0.0000

0.0247

LAKELAND GEN

LAK MAC GT2

115.0

125.0

100%

115.0

125.0

30%

37.5

Natural Gas Apr-20

n/a

11,700

4

8

670

670

2.5%

3.9%

119

0.0000

0.0112

LAKELAND GEN

McIntosh Diesels

5.0

5.0

100%

5.0

5.0

0%

0.0

Diesel

n/a

n/a

10,696

0

0

27

27

4.0%

3.8%

162

0.6505

0.0327

LAKELAND GEN

McIntosh GT1

16.0

19.0

100%

16.0

19.0

45%

8.6

Natural Gas

n/a

n/a

15,000

6

4

102

102

8.1%

3.9%

119

0.0000

0.0112

LAKELAND GEN

Winston Diesels

50.0

50.0

100%

50.0

50.0

0%

0.0

Diesel

n/a

n/a

9,000

0

0

268

268

4.0%

3.8%

162

0.6505

0.0327

LAKELAND GEN

Oleander 5

157.0

157.0

100%

157.0

157.0

30%

47.1

Natural Gas

n/a

n/a

11,500

0

0

841

841

7.9%

9.6%

119

0.0000

0.0112

FMPA EAST GEN

St Lucie 2

48.0

50.0

100%

48.0

50.0

100%

48.0

Nuclear

n/a

n/a

10,500

n/a

n/a

n/a

n/a

3.8%

8.3%

n/a

n/a

n/a

FMPA EAST GEN

Stanton 1

441.0

441.0

31.5%

112.0

112.0

31%

34.7

Coal

Jul-87

n/a

9,806

168

60

120

120

7.7%

9.6%

202

0.1200

0.2500

FMPA EAST GEN + FMPA WEST GEN

Stanton 1 (effective May 1, 2020) 453.0

453.0

31.5%

112.0

112.0

31%

34.7

Coal

Jul-87

n/a

9,806

168

60

120

120

7.7%

9.6%

202

0.1200

0.2500

FMPA EAST GEN + FMPA WEST GEN

453.0

25.0%

102.0

102.0

27%

27.5

Coal

Jun-96

n/a

9,184

168

60

120

120

7.7%

9.6%

202

0.1100

0.1400

FMPA EAST GEN + FMPA WEST GEN

Stanton 2

D-2

Summer Winter
Entity
Entity
Minimum
Ramp
Emission Emission Emission
Summer Winter
Capacity Capacity Minimum Share
Minimum
Ramp Up
Average Average
Share of
Down
Down
Rates
Rates
Rates
Capacity Capacity
by Entity by Entity Capacity Minimum Fuel Type COD End Date Heat Rate Up Time
Rate
Forced Maintenance
Capacity
Time
Rate
lbs/MMBtu lbs/MMBtu lbs/MMBtu
(MW)
(MW)
Share
Share
(%)
Capacity
(Hours)
(MW/Hour)
Outage Rate (%)
(%)
(Hours)
(MW/Hour)
(CO2)
(SOx)
(Nox)
(MW)
(MW)
(MW)

453.0

Nuclear

n/a
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Capacity
Holder

Plant Name

Summer Winter
Entity
Entity
Minimum
Ramp
Emission Emission Emission
Summer Winter
Capacity Capacity Minimum Share
Minimum
Ramp Up
Average Average
Share of
Down
Down
Rates
Rates
Rates
Capacity Capacity
by Entity by Entity Capacity Minimum Fuel Type COD End Date Heat Rate Up Time
Rate
Forced Maintenance
Capacity
Time
Rate
lbs/MMBtu lbs/MMBtu lbs/MMBtu
(MW)
(MW)
Share
Share
(%)
Capacity
(Hours)
(MW/Hour)
Outage Rate (%)
(%)
(Hours)
(MW/Hour)
(CO2)
(SOx)
(Nox)
(MW)
(MW)
(MW)

Stanton 2 (effective Dec 1, 2020) 463.0

Resource Location (for
modeling)

463.0

25.0%

102.0

102.0

27%

27.5

Coal

Jun-96

n/a

9,184

168

60

120

120

7.7%

9.6%

202

0.1100

0.1400

FMPA EAST GEN + FMPA WEST GEN

Stanton A (1x1) FMPA-Owned

230.0

235.0

20%

46.0

47.0

66%

31.0

Natural Gas

n/a

n/a

7,400

8

8

720

720

4.6%

7.0%

119

0.0000

0.0180

FMPA EAST GEN

Stanton A (2x1) FMPA-PPA

332.8

340.0

20%

66.6

68.0

54%

37.0

Natural Gas

n/a

n/a

7,400

8

8

720

720

4.6%

7.0%

119

0.0000

0.0180

FMPA EAST GEN

Stanton A (DF) FMPA-PPA

107.6

110.0

20%

21.5

22.0

36%

8.0

Natural Gas

n/a

n/a

7,400

8

8

720

720

4.6%

7.0%

119

0.0000

0.0180

FMPA EAST GEN

Florida Municipal Solar PV1-3

223.5

0.0

52%

58.1

0.0

n/a

n/a

Solar

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

FMPA EAST GEN

Stock Island CT 1

19.0

19.0

100%

19.0

19.0

0%

0.0

Diesel

n/a

n/a

10,607

0

0

154

154

4.0%

3.8%

162

0.6505

0.0327

FMPA EAST GEN

Stock Island CT 2

16.0

16.0

100%

16.0

16.0

0%

0.0

Diesel

n/a

n/a

10,000

0

0

130

130

4.0%

3.8%

162

0.6505

0.0327

FMPA EAST GEN

Stock Island CT 3

14.0

14.0

100%

14.0

14.0

0%

0.0

Diesel

n/a

n/a

10,000

0

0

114

114

4.0%

3.8%

162

0.6505

0.0327

FMPA EAST GEN

Stock Island CT 4

46.0

46.0

100%

46.0

46.0

0%

0.0

Diesel

n/a

n/a

9,119

0

0

246

246

4.0%

3.8%

162

0.6505

0.0327

FMPA EAST GEN

Stock Island EP2

2.0

2.0

100%

2.0

2.0

0%

0.0

Diesel

n/a

n/a

10,607

0

0

11

11

4.0%

3.8%

162

0.6505

0.0327

FMPA EAST GEN

Stock Island MSDs + EP2

18.0

18.0

100%

18.0

18.0

0%

0.0

Diesel

n/a

n/a

10,000

0

0

86

86

4.0%

3.8%

162

0.6505

0.0327

FMPA EAST GEN

Treasure Coast Energy Center

300.0

310.0

100%

300.0

310.0

30%

93.0

Natural Gas

n/a

n/a

7,600

6

4

415

415

4.6%

7.0%

119

0.0000

0.0247

FMPA EAST GEN

Tom Smith CC

30.0

30.0

100%

30.0

30.0

48%

14.4

Natural Gas

n/a 12/31/2025

10,244

5

6

40

40

4.6%

7.0%

119

0.0000

0.0247

LAKE WORTH GEN

Tom Smith GT

27.0

27.0

100%

27.0

27.0

0%

0.0

Diesel

n/a 12/31/2025

12,460

0

0

145

145

4.0%

3.8%

162

0.6505

0.0327

LAKE WORTH GEN

Tom Smith 3

27.0

27.0

100%

27.0

27.0

27%

7.3

Natural Gas

n/a 12/31/2025

12,537

6

6

36

36

13.1%

3.9%

119

0.0000

0.0247

LAKE WORTH GEN

St. Lucie 2

20.0

20.0

100%

20.0

20.0

100%

20

Nuclear

n/a 12/31/2025

10,500

n/a

n/a

n/a

n/a

3.80%

8.30%
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LAKE WORTH GEN

D-3

Appendix E: List of Abbreviations

E

Abbreviation
AACE
ACE
AEO
ATB
BAU
BEV
CAISO
CAPP
CCGT
CDD
CIL
CT
DEF
DG
DR
EE
EIA
EIRP
EPA
EV
FEECA
FMPA
FMPP
FPL
FPSC
FRCC
GHG
GPCM
HDD
HRSG
HUM
ILB
IPP
ISO
ITC

Definition
American Association of Cost Engineers
Affordable Clean Energy
Annual Energy Outlook
Annual Technology Baseline
Business-As-Usual
Battery Electric Vehicles
California Independent System Operator
Central Appalachian
Combined cycle gas turbines
Cooling Degree Days
Capacity Import Limit
Cycle Combustion Turbines
Duke Energy Florida
Distributed Solar Generation
Demand Response
energy efficiency
U.S. Energy Information Administration
Electric Integrated Resource Plan
Environmental Protection Agency
Electric Vehicle
Florida Energy Efficiency and Conservation Act
Florida Municipal Power Agency
Florida Municipal Power Pool
Florida Power and Light
Florida Public Service Commission
Florida Reliability Coordinating Council
Green House Gas
Gas Pipeline Competition Model
Heating Degree Days
Heat Recovery
Humidity
Illinois Basin
independent power producers
Independent System Operator
(Organization for Standardization)
Investment Tax Credit
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Abbreviation
LDV
LNG
NAPP
NERC

Definition
Light Duty Vehicle
Liquefied Natural Gas
Northern Appalachian
North American Electric Reliability Corporation

NRC
NREL
ORNL
PHEV
PJM
PPA
PRB
PV
RPS
SERC
SMR
TECO
UCAP
WACC

U.S. Nuclear Regulatory Commission
National Renewable Energy Laboratory
Oak Ridge National Labs
Plug-In Hybrid Electric Vehicles
PJM Interconnection
Power Purchase Agreement
Powder River Basin
Photovoltaic
Renewable Portfolio Standards
SERC Reliability Corporation
Small Modular Reactor
Tampa Electric Company
Unforced Generation Capacity
Weighted Average Cost of Capital

E-2
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