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Preface  

This document details the futures developed in the MISO MTEP futures development process; the study 

assumptions used to produce the Electric Generation Expansion Analysis Software (EGEAS) generation 

expansion plans for the four futures modeled in MTEP18; and the siting of forecasted resources. The 

MTEP18 futures were developed in collaboration with stakeholders at the Planning Advisory Committee 

beginning in early 2017. 

Base data assumptions in the associated PowerBase database are presented along with fuel forecasts, 

new unit construction costs, emissions constraints, renewable energy assumptions and regional demand 

and energy projections. The four MTEP18 scenarios for which assumptions are shown are: 

 Limited Fleet Change (LFC) 

 Continued Fleet Change (CFC) 

 Accelerated Fleet Change (AFC) 

 Distributed and Emerging Technologies (DET) 
 

  



MTEP18 APPENDIX E2 

7 
 

1. MTEP18 Futures Development Process, Narratives and Matrix  
The MTEP18 futures development process began in early 2017, with a kick off at the January 18, 2017, 

Planning Advisory Committee (PAC) meeting. The MTEP17 futures were reviewed and feedback was 

received on whether or not it was plausible to continue with these futures given the changes in recent 

policies, namely the 2016 presidential election. Based on feedback, MISO proposed the MTEP17 futures 

definitions be used as general outlines for the MTEP18 futures but with completely refreshed forecasts 

and other updated assumptions. An additional future was added to implement an increased focus on 

distributed energy, emerging technology, and a more localized approach to capacity siting.  

Consistent with previous MTEP cycles, the MTEP18 futures were developed through a collaborative 

stakeholder process in both the Planning Advisory Committee and a dedicated Futures Development 

Workshop. Each workshop and presentation to PAC in Q1 and Q2 of 2017 solicited additional feedback 

which was incorporated into the final MTEP18 futures. Timeline Figure shows the general timeline of the 

futures development in stakeholder meetings through the final siting posting in October 2017. 

 

Figure 1: MTEP18 Project Development Timeline 

1.1. MTEP18 Futures Development Process 
The first step in MISO’s 7-Step Planning Process, Multi-future Regional Resource Forecasting, is 

intended to capture a wide array of potential fleet changes and conditions for long-term transmission 

planning. Futures development considers economic and electric industry trends, the regulatory policy 

landscape, MISO system trends, etc. for the sole purpose of prudent transmission system planning. 

January PAC
- Timeline and expectations

February PAC
- Review MTEP17 Futures
- MISO proposed updates to 

MTEP17 Futures 

April Workshop
- Review feedback and 

responses
- Updated Futures proposal
- Review uncertainty variables

April PAC
- Review workshop takeaways
- Overview draft Futures

August PAC
- Finalize Future weights

July PAC
- Review siting methodology

June PAC
- Finalize Futures definitions
- Future weighting

May PAC
- Review April feedback
- Updated Futures proposal

September PAC
- Draft Futures results and 
siting review

October PAC
- MTEP18 Futures 
development, results and siting 
process slides posted
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Figure 2: MISO 7-Step Planning Process 

 

With the goal of prudently planning transmission over a 10-20 year period, the desire is not to find a 

single, most-likely future definition, but to find a series of futures that capture reasonable bookends and 

futures in between, as depicted in Figure 3: Robust Futures Capture Reasonable Bookends. 

 

Figure 3: Robust Futures Capture Reasonable Bookends 
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Futures scenarios are developed to consider what stakeholders believe to be the main drivers of the 

changes in the fleet. These changes are captured in EGEAS models by inputting the various futures’ 

attributes and running the model through a series of iterations building the future-specific picture of the 

potential resource forecasts. 

[HOLDING PLACE FOR EGEAS INPUT/OUTPUT DIAGRAM…Currently Tracking down] 

In MTEP18, the main drivers of the futures are changing fuel mixes, including increasing levels of 

renewables and what the fleet will look like to adapt to these changes. Three of the four futures adopted 

varying levels of renewable generation additions from MTEP17, while a point between the mid and high 

levels was used for the fourth future.  

The fourth future, Distributed and Emerging Technologies (DET), developed in MTEP18, highlighted the 

penetration and siting of distributed renewable and other emerging technologies. In this future, potential 

state level policies reflected the desire for local reliability and optionality. The system also experienced 

very high energy growth and slightly higher demand growth driven largely by smart charging of a growing 

fleet of electric vehicles.  

1.2. MTEP Futures Development Process Revisions 
MTEP17 futures were developed under a newly refined futures planning process that allows the same 

futures to be used for multiple MTEP cycles (Figure 4). Every year MISO and stakeholders spend 

significant time and energy developing futures, often resulting in futures which resemble those of the 

previous MTEP Cycle. However, due to significant changes in the outlook of federal policies, the MTEP18 

futures were completely redesigned. In an effort to save time and energy for MISO staff and stakeholders, 

barring significant changes in policy or economic drivers, MTEP18 futures may be used for multiple MTEP 

cycles after being evaluated for new drivers of change at the Planning Advisory Committee. 

 

Figure 4: Refined Futures Process 
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1.3. MTEP18 Futures Development Process 
The following narratives provide an overview of the conditions present in each MTEP18 future scenario. 

The assumptions described were used to model forecasted generation.  

 Future 1: Limited Fleet Change assumes all current policies and trends in place at the time of 
futures development continue, unchanged, throughout the duration of the study period. No carbon 
regulations are modeled, though some reductions are expected due to age-related retirements – 
9 GW of coal and 17 GW gas and oil – and renewable additions driven primarily by existing 
Renewable Portfolio Standards (RPS) and goals. Natural gas prices remain low due to increased 
well productivity and supply chain efficiencies. Footprint-wide, demand and energy growth rates 
are low to model a more static system with no notable drivers of higher growth; however, as a 
result of low natural gas prices, industrial production along the Gulf Coast increases. Low natural 
gas prices and static economic growth reduce the economic viability of alternative technologies 
so capital costs for wind and solar mature more slowly. All current state-level RPS mandates are 
modeled as well as all applicable and enforceable EPA regulations governing electric power 
generation, transmission and distribution (NAICS 2211). 

o Demand and energy growth rates are modeled at half of the level of a 50/50 forecast of 
Module E, which is equivalent to a 10/90 Module E forecast. 

o Starting natural gas prices consistent with industry long-term reference forecasts are 
reduced by 30 percent. 

o The “Low Growth” scenario demand response, energy efficiency and distributed 
generation penetration level programs developed by the Applied Energy Group (AEG) 
are allowed for selection in EGEAS. 

o Non-nuclear generators will be retired in the year the age limit is reached: 55 years for oil 
and gas, 65 years for coal. Nuclear units are assumed to have license renewals granted 
and remain online unless firm known retirements are in the base model. 

o All new unit capital costs increase at inflation, except for wind and solar which have a low 
rate maturity cost curve applied. 

 Future 2: Continued Fleet Change captures the effects of current economic growth with base 
gas prices. Renewable energy levels continue to grow above and beyond what is required by 
state RPS. Renewable energy is modeled to serve 15 percent of MISO energy by 2032. All 
existing EPA regulations governing electric power generation, transmission and distribution 
(NAICS 2211) are incorporated.  

o Demand and energy growth rates are modeled at a level equivalent to a 50/50 Module E 
forecast. 

o Starting natural gas prices are consistent with industry long-term reference forecasts. 

o The “Existing Programs Plus” scenario demand response, energy efficiency, and 
distributed generation penetration level programs developed by AEG are allowed for 
selection in EGEAS. 

o Oil and gas generators are retired in the year they reach 55 years of age. Coal units are 
retired reflecting historical retirement levels based on average age of retirement at 60 
years. Nuclear units are assumed to have license renewals granted and remain online.  

o Maturity cost curves for renewable technologies applied reflecting some advancement in 
technologies and supply chain efficiencies. 
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 Future 3: Accelerated Fleet Change captures a robust economy that drives technological 
advancement and economies of scale resulting in a greater potential for demand response, 
energy efficiency, and distributed generation as well as lower capital cost for renewables reflected 
in the maturity cost curves. To capture the potential effects of future national or state-level carbon 
regulations or a general continued decline in emissions, a 20 percent aggregate MISO fleet CO2 
reduction from current emission levels is modeled.  

o A robust economy leads to increased demand and energy consumption modeled at 150 
percent of the level equivalent to a 50/50 Module E forecast, which represents a 90/10 
Module E forecast. Footprint wide, demand and energy growth rates are high due to a 
robust economy; however, as a result of corresponding high natural gas prices, industrial 
production along the Gulf Coast decreases. 

o Starting natural gas prices consistent with industry long-term reference forecasts are 
increased by 30 percent. 

o The “Clean Power Plan” scenario demand response, energy efficiency, and distributed 
generation penetration level programs developed by AEG are allowed for selection in 
EGEAS. 

o Non-nuclear, non-coal generators will be retired in the year the age limit is reached, 55 
years. Coal units will be retired reflecting age and historical retirement levels based on 
average age of retirement at 60 years. Additional coal units will only operate seasonally 
to reflect economics and regulation. Nuclear units are assumed to have license renewals 
granted and remain online.  

 Future 4: Distributed and Emerging Technologies captures the effects of a mid-high economic 
growth rate reflecting the adoption of electric vehicle technology on a broader scale. Fleet 
evolution trends continue, primarily driven by local policies and emerging technology adoption. 
State level policies reflect desires for local reliability and optionality. All current state-level RPS 
mandates are modeled. Renewable energy is modeled to serve 20 percent of MISO energy by 
2032. All existing EPA regulations governing electric power generation, transmission and 
distribution (NAICS 2211) are incorporated.  

o Demand and energy forecast begins at a level equivalent to a 50/50 Module E forecast 
and has a high growth rate to reflect adoption of electric vehicle technology. The growth 
rate of energy is higher than demand to reflect the impacts of electric vehicle smart 
charging. 

o Starting natural gas prices are consistent with industry long-term reference forecasts. 

o The “Existing Programs Plus” scenario demand response, energy efficiency, and 
distributed generation penetration level programs developed by the Applied Energy 
Group (AEG) are allowed for selection in EGEAS. 

o Non-nuclear, non-coal generators will be retired in the year the age limit is reached, 55 
years. Coal units are retired reflecting historical retirement levels based on average age 
of retirement at 60 years. Nuclear units with no significant recent overhaul and 
investment are assumed not to renew licenses and will be retired. 

o Maturity cost curves for renewable technologies applied reflect advancement in 
technologies and supply chain efficiencies. 

o Increased deployment of energy storage devices is modeled, resulting in 2 GW across 
the MISO footprint, driven by economies of scale resulting from commercial mass 
production of lithium ion batteries and other viable technologies. 
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MTEP18 Futures Assumptions Limited Fleet Change 
Continued Fleet 
Change 

Accelerated Fleet 
Change 

Distributed and 
Emerging 
Technologies 

Demand and Energy 
   Low (10/90) 
   High LRZ9 Industrial 

Base (50/50) 
High (90/10) 
Low LRZ9 Industrial 

Base + EV  
Energy: 1.1% 
Demand: 0.6% 

Fuel Prices 
Gas: Base -30% 
Coal: Base -3% 

Base 
Gas: Base +30% 
Coal: Base 

Base 

Demand Side Additions 
By Year 2032 

EE: - GW 
DR: 2 GW  

EE: - GW 
DR: 3 GW 

EE: 5 GW 
DR: 4 GW  

EE: 2 GW 
DR: 3 GW 
Storage: 2 GW 

Renewable Additions 
By Year 2032  
(% Wind and Solar Energy) 

10% 15% 26% 20% 

Generation Retirements
1
 

By Year 2032 

Coal: 9 GW 
Gas/Oil: 17 GW 

Coal: 17 GW 
Gas/Oil: 17 GW 

Coal: 17 GW+ 
Gas/Oil: 17 GW 

Coal: 17 GW 
Gas/Oil: 17 GW 
Nuclear: 2 GW 

CO
2
 Reduction Constraint 

From Current Levels by 2032 
   None None 20% None 

Siting Methodology
2
    MTEP Standard MTEP Standard MTEP Standard “Localized” 

EV: Electric Vehicles      EE: Energy Efficiency      DR: Demand Response 

1. In Accelerated Fleet Change Scenario 17 GW of coal retired. In addition, coal units were no longer run as “Must-Run” and were run seasonally 
five years prior to their retirement date. 

2. “Localized” renewable siting assumes that at least 50% of incremental wind and solar energy will be sourced within each Local Resource 
Zone. Two-thirds of solar sited as distributed. 

Table 1: MTEP18 Futures Assumption  

2. Futures Assumptions, Model Data and Uncertainty Variables  
When developing future models, the current system is captured with the most accurate information 

available. To determine what the various futures may look like, assumptions have to be made on many 

fronts in order to estimate how they will change over the next 15-20 years. The following sections will 

cover these assumptions and how they were changed over the study period. Many of the levels selected, 

shown in Error! Reference source not found., are presented numerically in Figure 27: MTEP18 

Uncertainty Variables. 
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Table2: MTEP18 Futures Matrix 

 

2.1. Generation Fleet 
One key aspect of any future is how the generation fleet will change over time. Historically across the 

Eastern Interconnect (EI), this has been marked by a decline in traditional steam units and a continued 

increasing reliance on renewable energy and newer natural gas. MISO relies on the use of ABB’s 

PROMOD PowerBase database to gather baseline data on all generators in the EI areas modeled. The 

database is then further updated based on MISO collected data from Generator Owner/Operators and 

other industry sources. Through the use of collected data, unit retirement assumptions can be made and 

operational changes can be forecasted based on industry trends, economics, or regulations. 
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2.1.1.  Resource Mix 
To determine how the fleet will change over time, each planning region’s existing capacity is evaluated. 

The planning regions in the Eastern Interconnect are made up of a diverse mix of resources (Table 3: 

Existing, under construction and planned capacity (MW), and Figure 5: MISO Resource Mix). 

Region Coal Nuclear Gas Wind Solar Hydro 
Pumped 
Storage 

Oil Other 

MISO 63,263 13,271 73,207 18,808 467 2,355 2,447 3,528 1,275 

NYISO 1,000 5,296 23,331 1,839 26 4,940 1,409 3,994 708 

PJM 62,943 34,628 87,212 8,007 943 2,893 5,242 9,010 2,028 

SERC 32,989 22,166 53,429 505 1,754 6,676 4,626 2,082 737 

SPP 24,867 2,449 33,770 18,969 307 4,583 474 1,310 169 

TVA* 18,,758 8077 20,387 1,510 81 5,771 1,856 52 0 

*For EGEAS analysis, Associated Electric Cooperative Inc. (AECI), Louisville Gas and Electric and Kentucky Utilities are combined 

with the Tennessee Valley Authority (TVA) 

Table 3: Existing, under construction and planned capacity (MW) 

 

Figure 5: MISO Resource Mix through Figure 10: TVA Resource mix show the starting regional resource 

mix as a percentage of total generation capacity by EI region at the start of the MTEP18 planning 

process.  

 
Figure 5: MISO Resource Mix 
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Figure 6: NYISO Resource Mix 

 

 
Figure 7: PJM Resource Mix 
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Figure 8: SERC Resource Mix 

 

 
Figure 9: SPP Resource Mix 
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Figure 10: TVA Resource mix 

2.1.2.  Fleet Retirement Assumptions 
MTEP18 assumes the primary driver of unit retirements is units reaching the end of their useful life. The 

MTEP18 LFC future only considers unit age as a cause of retirement at 55 years for oil and gas units and 

65 years of age for coal units, based on statistical fleet analysis and NREL-supported data (Figure 11: 

MISO Historical and NREL Assumed Age Retirements). The CFC, DET and AFC futures retire coal units 

slightly sooner than the end of their useful life due to recent historical retirement trends or less favorable 

economic conditions for these facilities. Coal retirements occur at 60 years of age, while preserving 1/3 of 

any utility’s remaining coal fleet after the 65 year age limit was applied, and oil and gas units still retire at 

55 years of age.  

In addition to oil, gas, and coal retirement assumptions, the DET Future assumed that nuclear plants will 

not request license extensions and will retire, unless they have recently undergone a major upgrade. 

 

Figure 11: MISO Historical and NREL Assumed Age Retirements 
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The 55-year age-related retirements for gas and oil units removes 17 GW of capacity across all futures 

(Figures 12 to 15). For coal, the 65-year age cut-off removes 9 GW in the LFC future and 17 GW of coal 

capacity is retired in the other three futures.  

 

 

Figure 12: MTEP18 Retirement Assumptions by Local Resource Zone by 2032 

 

Figure 13: Limited Fleet Change Assumed Retirements 
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Figure 14: Continued and Accelerated Fleet Change Assumed Retirements 

 

 

Figure 15: Distributed and Emerging Technologies Assumed Retirements 
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2.1.3.  Regional Resource Forecast Units 
Regional Resource Forecast (RRF) units are the main output of step 1 of the MTEP 7-Step Planning 

Process. The Generation Interconnection Queue is the primary source for out-year capacity; however, the 

queue is generally limited to three-to-five years out at most for capacity additions. These queue units are 

not firm until a Generator Interconnection Agreement (GIA) is signed, at which point, the unit is modeled 

as an existing unit with a future in-service-date. Other units in the queue are used in the siting process, 

which is covered more in General Siting Rules. Because of the queue’s short three-to-five year timeline, 

EGEAS is used to supplement the out years needed for proper transmission planning to maintain the 

economic load-to-resource balance and Planning Reserve Margin Requirement (PRMR) established 

annually in the Loss of Load Expectation (LOLE) study1. External regions’ reserve requirements are 

obtained from latest NERC Long Term Reliability Assessment report (Table 4). New units are also added 

to meet policy goals such as state RPS, generic renewable energy targets, or environmental emission 

targets. 

Region 
2017 Reserve  

Margin (%) 

PRM 

Target (%) 

MISO 23.0 15.80 

NYISO 17.6 17.00 

PJM 24.9 15.70 

SERC 27.9 15.00 

SPP 35.3 13.60 

TVA 29.7 15.00 

Table 4: PRM margins and targets 

 

The future outlook for MTEP EGEAS simulations is 20 years. The base year for MTEP18 modeling is 

2017, extending out to 2036. In order to eliminate any “end effects” an extension period of 40 years is 

simulated, with no new units forecasted during this time. This additional study period ensures that the 

selection of generation in the last few years of the forecasting period (e.g. years 15 to 20) is based on the 

costs of generation spread out over the total tax/book life of the new resources (i.e. beyond year 20) and 

does not bias to the cheapest generation in those final years. 

The objective function of the MTEP18 study optimization aims to find the most cost effective 20-year 

fixed, capital and production costs while meeting reserve margin, renewable energy and emission 

requirements. The following sections focus on the RRF units offered in EGEAS to meet these 

requirements. 

To use RRF units in a production cost model, they must be sited at buses in the PROMOD powerflow 

model. Units are sited based on stakeholder-agreed-upon rules and criteria detailed in Section Siting of 

Regional Resource Forecast Units.  

                                                
1 https://www.misoenergy.org/planning/resource-adequacy/#t=10&p=0&s=FileName&sd=desc  

https://www.misoenergy.org/planning/resource-adequacy/#t=10&p=0&s=FileName&sd=desc
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2.1.3.1. Supply-Side Options 
The MTEP17 study moved from using Energy Information Administration (EIA) as a supply-side capital 

cost source, to the National Renewable Energy Lab (NREL) Annual Technology Baseline (ATB)2 in Figure 

16: MTEP18 NREL ATB Capital Costs. The ATB, also used in MTEP18, reflected more recent trends in 

cost declines for renewables and was a public, transparent source stakeholders were comfortable with. 

ATB also detailed learning or maturity curves for improving technology, specifically wind and solar see in 

Figure 17: MTEP18 NREL ATB Based Wind and Solar Capital Cost Maturity Curves. MTEP18 also used 

lithium-ion battery costs based on Lazard’s Levelized Cost of Storage (LCOS) 2.0.3  

In previous MTEPs the fixed and variable O&M values were modeled using the latest EIA or ATB values 

for each technology, however, these values differ from those of existing units supplied by ABB or 

supplemented by unit owners, so the model would favor older existing resources over newer more 

efficient ones. In MTEP18, to ensure the capacity factor of the new units would be on par with existing 

units, the average value of the variable and fixed O&M of existing units in PowerBase for each type of 

technologies was used (Table 5).  

Type 
Fixed 
O&M$/kW-
Yr 

Variable 
O&M 

$/MWh 

Heat Rate 
MMBtu/MWh 

Lead   

Time 

Years 

Maintenance Schedule Forced 
Outage Rate 

Hours % 

Battery 42.77 0 0 2 0 3.25 

Biomass 107.22 5.35 13.50 4 0 3.25 

Coal 31.65 4.54 8.78 6 0 4.48 

Combined Cycle 9.84 0.59 6.69 3 336 5.11 

Combined Cycle 
with Sequestration 

32.27 6.88 7.52 3 504 5.11 

Combustion 
Turbine 

5.75 0.63 10.06 2 168 5.93 

Hydro 15.05 2.69 0 4 0 3.25 

IGCC 52.16 7.33 8.20 6 672 5.11 

IGCCS 73.93 8.58 9.74 6 672 5.11 

Nuclear 94.68 2.17 10.48 11 672 2.95 

PV 15.00 0 0 2 0 3.25 

Wind 50.17 0 0 2 0 3.25 

Table 5: Supply-Side Resource Forecast Generator Categories 

Error! Reference source not found. 

Table  also shows the fixed operation and maintenance (O&M) cost, variable O&M cost, heat rate, lead 

time (including timeframe for construction), maintenance hours, and forced outage rate (FOR) for the 

alternative supply-side generator categories used in MTEP18 regional resource forecasting. The capacity 

of each forecasted generic unit from each category is 1,200 MW, including wind and solar PV. Monetary 

values given in the table are in 2017 dollars. 

                                                
2 https://atb.nrel.gov/ 
3 https://www.lazard.com/media/438042/lazard-levelized-cost-of-storage-v20.pdf 
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Figure 16: MTEP18 NREL ATB Capital Costs 

 

Figure 17: MTEP18 NREL ATB Based Wind and Solar Capital Cost Maturity Curves 
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Maturity cost curves were applied to wind and solar capital costs to model various, low, medium, and high 

levels of learning.  

2.1.3.2. Battery Storage 
MTEP18 considered lithium-ion battery storage in the transmission system as a potential tool to balance 

load and resources. The DET future assumes battery storage will grow at a similar adoption rate as 

renewable adoption has historically. With the 20 MW currently online and with 80MW in queue, 2GW of 

battery will be introduced in the DET Future at a minimum by 2032, and lithium-ion battery storage will be 

offered as a planning alternative in all futures. Capital costs are modeled according to LAZARD’s LCOS 

2.0 report combined with stakeholder feedback; declining by 4 percent annually for the first 5 years and 1 

percent thereafter.  

Half of the storage was sited at the top load buses to capture the potential for energy arbitrage and 

peaker deferment. The other half was sited at top renewable buses to capture renewable integration 

benefits (Figure 18). 

 

Figure 18: Battery Storage Penetration Level 

 

2.1.3.3. Firm Interchange 
Firm interchange contributes to resource adequacy by reducing a region’s overall internal capacity needs 

over time. MISO assumes that each modeled region will build generation capacity to meet its own 

resource adequacy needs.  

Based upon the draft 2017 LOLE External Ties Model, MISO assumes a negligible net scheduled 

interchange in EGEAS due to the balance of firm imports to firm exports throughout the study period. This 

is in-part because the mapping of firm imports and exports is also already handled by accounting for unit 

ownership in the base data so only capacity owned by MISO members shows up in the MISO EGEAS 

model, etc. 
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2.1.3.4. Demand-Side Options 
In earlier iterations of MTEP, MISO has offered demand-side planning alternatives for the sole purpose of 

meeting state or federal mandates and goals. During the MTEP16 futures, MISO contracted the Applied 

Energy Group (AEG), formerly Global Energy Partners, to develop a suite of demand-side management 

(DSM) programs4 that reflect utility programs that may be offered in the future, such as direct load control, 

price responsive demand, energy efficiency, distributed generation and demand response. 

The AEG programs represent three different technology types; Demand Response (DR), Energy 

Efficiency (EE) and Distributed Generation (DG).Their respective technical potentials are defined in Table 

6. 

MTEP18 Targets Low Medium High 

AEG Scenario* Low Growth* Existing Programs+*  CPP* 

 Capacity 
(GW) 

Energy 
(GWh) 

Capacity 
(GW) 

Energy (GWh) 
Capacity 
(GW) 

Energy (GWh) 

15
 Y

ea
r 

T
ec

hn
ic

al
 

P
ot

en
tia

l 

Demand Response 8.0 632 9.0 712 12.1 1,078 

Energy Efficiency 9.6 36,980 10.8 41,319 25.6 100,341 

Distributed 
Generation 

2.3 3,791 2.8 4,199 6.4 13,264 

 

Table 6: AEG Capacity and Energy Technical Potential by Technology 

 

Table 7: AEG Demand-side Management  lists the demand side options, developed by AEG. These were 

created in four scenarios based on the MTEP16 Futures: Low Growth (LG), Existing Programs Plus (EP+, 

mid-growth), High Growth (HG) and Clean Power Plan (CPP). The first three captured varying degrees of 

demand response, distributed generation and energy efficiency based on varying degrees of assumed 

demand and energy growth, whereas the CPP version does not merely assume offsetting production cost 

as the only consideration for potential, but reducing energy for the purpose of reducing emissions. For 

MTEP18, the stakeholders agreed to use the LG scenario for Limited Fleet Change; the EP+ scenario for 

Continued Fleet Change plus Distributed and Emerging Technologies; and the CPP scenario for the 

Accelerated Fleet Change future. Technical potential of energy efficiency programs was reduced to not 

include programs already adopted in the system, since the AEG’s first update, to avoid the risk of double 

counting. Table 7: AEG Demand-side Management shows which scenarios were assigned to what 

MTEP18 future and which programs were selected in the EGEAS model from those provided. 

 

                                                
4 hhttps://www.misoenergy.org/  

 

https://www.misoenergy.org/
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Demand Side Options 
LFC 
(LG) 

CFC 
(EP+) 

DET 
(EP+) 

AFC 
(CPP) 

Commercial and Industrial (CandI) Distributed Generation     

Residential Distributed Generation     

Commercial and Industrial Demand Response  x x x 

Commercial and Industrial Direct Load Control x x x x 

Commercial and Industrial Price Responsive Demand x x x  

Residential Direct Load Control x x x x 

Residential Price Responsive Demand x x x  

Commercial and Industrial High Cost Energy Efficiency (EE)     

Commercial and Industrial Low Cost Energy Efficiency (EE)   x x 

Residential High Cost Energy Efficiency (EE)     

Residential Low Cost Energy Efficiency (EE)    x 

Table 7: AEG Demand-side Management Alternatives 

 

2.1.3.5. Wind and Solar Capacity Factors and Credits 
MISO models wind and solar in EGEAS as non-dispatchable technologies using a mix of actual historical 

wind data,  NREL year 2012 100-meter hub-height wind data, and NREL solar data. In EGEAS, all 

existing units point to an existing unit profile based off of actual 2012 wind output. New wind units in 

EGEAS receive a higher capacity factor utilizing NREL’s 100 meter wind profiles. That profile is based off 

of the wind tier sites used in MTEP17 Accelerated Alternative Technologies future siting. Similarly, a 

single profile for each of the regions external to MISO is made by averaging the respective 100 meter 

NREL wind site profiles. The existing unit profiles for external regions were de-rated based on the 2006 

100-meter to 80-meter output profiles as analysis of existing wind turbines shows that most of them are 

below 100 meters, and the trend for new units seems to be at least at 100 meters.  

The renewable capacity credit is the reserve capacity credit that a renewable resource may receive if it 

meets all other obligations of Module E to be a capacity resource. This value, which is a percentage of a 

unit’s maximum nameplate capacity, reflects the risk associated with reliance upon an intermittent 

resource such as wind. The number used in EGEAS for reserve contribution calculation is based on an 

average wind or solar contribution to the systems highest loss of load period, typically the system 

coincident peak. The capacity credit is the actual annual energy output of the unit as a percentage of the 

total potential energy output (based on 8,760 hours in a year). The wind capacity credit is updated 

annually during the MISO LOLE analysis and, for the 2016 planning year, was calculated to be 15.6 

percent.  

Table 8: Regional Wind Capacity Factors shows the wind capacity factors applied to each region as an 

input to the MTEP18 EGEAS model. The existing wind annual capacity factor represents existing wind 

turbines with the average hub height of 80 meters and the new wind annual capacity factor represents 

new turbines in the queue with average hub height of 100 meters.  
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Region 
Existing Wind Annual 
Capacity Factor (%) 

New Wind Annual  
Capacity Factor (%) 

MISO 31.25 43.39 

NYISO 34.78 41.66 

PJM 32.97 39.54 

SERC 34.79 39.95 

SPP 41.04 46.89 

TVA 37.27 42.21 

Table 8: Regional Wind Capacity Factors Modeled 

 

As there has been less data on solar resources, solar was given a 50 percent capacity credit due to its 

high correlation with peak demand in the LFC and CFC futures, and was derated to 25 percent in the 

AFC and DET futures where a higher penetration of solar moves the higher expected loss of load period 

to late-evening, a time of day where solar output is greatly diminished. As MISO begins to see more solar 

on the system, a similar LOLE Effective Load Carrying Capability style study will help refine what solar 

capacity credit is more appropriate over time and at increasing amounts. For MTEP18, solar profiles were 

updated to 2012 data and MISO used a solar profile that resulted in a 19 percent capacity factor. The 

sited units in PROMOD were based on either utility-scale single access tracking profiles or rooftop fixed 

access profiles for the distributed generation photovoltaic (DGPV) RRF profiles, which typically have a 

percent or two less capacity factor. 

2.1.3.6. Financial Variables 
Variables associated with the financing of new generation projects are listed in Table 9: Financial 

variables. Note that these are average values across the footprint. These financial variables are used in 

MTEP18 EGEAS simulations. 

Variable Rate (%) 

Composite Tax Rate 39.09 

Insurance Rate 0.50 

Property Tax Rate 1.50 

AFUDC* Rate 7.00 

* Allowance for Funds Used During Construction 

Table 9: Financial variables 

2.2. Regional Demand and Energy Forecasts 
For EGEAS purposes, growth rates must be aggregated to regional coincident peak forecasts gross of 

energy efficiency for each of the MTEP18 futures. The MISO baseline value (M, in the futures matrix) for 

the demand growth rate is derived from the Module E 50/50 load forecast growth rate. Compared to last 

planning year, the Planning Year 2017-2018 forecast starts off approximately 3 GW less in 2017 and 

grows less over the 10 year Module E forecast period, 0.6 percent vs 0.47 percent. The 0.47 percent was 

adjusted to account for somewhat arbitrary load declines in the last two years of the forecast, presumably 

due to shorter contract terms for retail choice load versus actual expected load loss. Therefore, the first 
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eight-years-worth of growth was used to determine the mid 50/50 load growth (Figure 19: Planning Year 

2016-17 and 2017-18 Planning Year). 

 

Figure 19: Planning Year 2016-17 and 2017-18 Planning Year 

 

Low and high growth rates for demand and energy are achieved by taking 50 percent and 150 percent of 

the base rate, respectively (Table10: Gross demand and energy growth rates (2017-2032) External non-

MISO regions’ demand and energy are derived by taking demand and energy from PowerBase and 

applying the ratio of MISO demand and energy from Module E versus MISO demand and energy from 

Powerbase (Figure 20).  

Region 

LFC CFC AFC DET 

Demand (%) 
Energy 

(%) 

Demand 

(%) 

Energy 

(%) 

Demand 

(%) 

Energy 

(%) 

Demand 

(%) 

Energy  
(%) 

MISO 0.28% 0.31% 0.47% 0.49% 0.66% 0.68% 0.60% 1.06% 

NYISO 0.21% 0.03% 0.35% 0.05% 0.50% 0.07% 0.45% 0.11% 

PJM 0.38% 0.42% 0.66% 0.66% 0.93% 0.91% 0.84% 1.41% 

SERC 0.53% 0.55% 0.91% 0.87% 1.29% 1.19% 1.16% 1.86% 

SPP 0.62% 0.69% 1.06% 1.09% 1.49% 1.50% 1.35% 2.34% 

TVA 0.36% 0.34% 0.62% 0.54% 0.87% 0.74% 0.79% 1.16% 

Table10: Gross demand and energy growth rates (2017-2032) 
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Figure 20: MTEP18 MISO Futures Forecast Demand 

 

 

Figure 21: MTEP18 MISO Futures Forecast Energy 
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The DET future, due to modeling an increase in the amount of electric vehicles, has the highest energy 

consumption of all the futures (Figure 21). Even though the energy level increases, peak demand only 

increases slightly as it is expected that electric vehicle charging will occur off-peak. This practice is known 

as “smart charging” in which customers will charge their vehicles when energy costs and need for 

peaking capacity are lower. Additionally, the aggregate MISO and external regions load shapes were 

adjusted in EGEAS to reflect approximately 80 percent of this energy growth in daily off-peak hours 

(approximately 8 p.m. to 6 a.m.) and 20 percent on-peak (approximately 7 a.m. to 7 p.m.).  

Load and Non-Dispatchable Technology (NDT) Profiles 

EGEAS requires a representative load shape for the system as well as any technologies which are 

modeled as non-dispatchable; namely wind, solar and energy efficiency. The shapes are provided in per 

unit values and, in the case of wind, solar and the overall system, are representative system averages 

across the footprint. The load shapes used in EGEAS simulations and their sources are presented in 

Table 21: Load shape descriptions and sources. Base load shape for MISO was created from 2012 actual 

load data aggregated to a regional level. Other regions’ load shapes were developed using 2012 Ventyx 

ABB data. 

Load Shape Description and Source 

System 2012 MISO load data, aggregated to regional level, 2012 ABB for non-MISO 

Wind 2012 hourly profiles from NREL’s Wind Integration National Dataset (WIND) Toolkit 

Solar 2012 hourly profile from NREL’s Solar Integration National Dataset (SIND) Toolkit 

Energy Efficiency 
Representative profile provided in the Applied Energy Group 2015 Assessment of 
Demand Response, Energy Efficiency, and Distributed Generation Potential for MISO. 

Table 21: Load shape descriptions and sources 

2.2.1. Load and Natural Gas Forecast Correlation  
Traditionally, MISO has modeled a direct correlation between load growth and gas prices. As electrical 

demand increases, so does demand on natural gas for both industrial processes and electricity 

production. Throughout the course of the futures development, stakeholders indicated there are large 

industrial loads in Local Resource Zone 9 (Louisiana and Texas) that would distinctly decline if natural 

gas prices increased. To capture regional differences, the AFC future allowed higher natural gas prices 

with higher system wide load growth, but industrial LRZ 9 load increased at a lower rate. The LFC future 

captured load and gas prices increasing slowly with load in industrial LRZ 9 increasing more rapidly. 
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2.3. Fuel Forecasts 
A number of the fuel forecasts in PowerBase use a pointer system. This makes it easier to make 

adjustments to the fuel forecasts without having to change each individual unit’s forecast. A pointer 

system works by designating one fuel as the fuel index, and then all other fuel forecasts are adjusted 

accordingly (usually due to transportation costs). In the MTEP PowerBase database, all natural gas-fired 

generators point to the Henry Hub natural gas price forecast. Therefore, all references to natural gas in 

the futures matrix are in terms of the Henry Hub forecast. Alternatively, many of the coal forecasts are 

unique and not indexed due to units procuring blends of coal from various sources. All coal prices 

increase at inflation. 

There was a desire from stakeholders for a more transparent natural gas forecasting methodology. The 

Bentek forecast was developed several years prior to the MTEP18 study cycle and needed updating. The 

stakeholder approved Henry Hub forecasting methodology for MTEP18 used the verbatim NYMEX 

forecast for the first two years (2017-2018), and an average of the Wood Mackenzie No Carbon and EIA 

forecasts, both of which could be shown graphically at least and the EIA forecast is wholly public. Figure 

22: Background natural gas prices for forecast2 shows the forecasts used to come up with the base 

MTEP18 forecast. The three resulting MTEP18 Henry Hub natural gas forecasts are in nominal dollars 

per MMBtu shown in Figure 23: MTEP18 natural gas prices by future. 

 
Figure 22: Background natural gas prices for forecast 
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Figure 23: MTEP18 natural gas prices by future 

 

Throughout the MTEP18 Futures development process, stakeholders requested any potential coal price 

correlation to changing natural gas prices to be reflected. After review of historical EIA delivered cost of 

coal and gas, MISO observed a 10:1 correlation when gas price remains low (Figure 24) and no 

correlation when gas price increases. Therefore, in the LFC future with a -30 percent starting Henry Hub 

gas price, all coal prices are reduced by 3 percent. 

 

Figure 24: Historical Coal and Gas Price Comparison 

 

 $-

 $2

 $4

 $6

 $8

 $10

 $12

 $14

J
a
n
-0

6

J
u
n
-0

6

N
o

v
-0

6

A
p
r-

0
7

S
e
p
-0

7

F
e
b

-0
8

J
u
l-
0

8

D
e

c
-0

8

M
a

y
-0

9

O
c
t-

0
9

M
a

r-
1

0

A
u
g
-1

0

J
a
n
-1

1

J
u
n
-1

1

N
o

v
-1

1

A
p
r-

1
2

S
e
p
-1

2

F
e
b

-1
3

J
u
l-
1

3

D
e

c
-1

3

M
a

y
-1

4

O
c
t-

1
4

M
a

r-
1

5

A
u
g
-1

5

J
a
n
-1

6

J
u
n
-1

6

N
o

v
-1

6

$
/M

M
B

T
U

EIA Delivered Cost to Generation Plant

EIA Coal

Natural Gas



MTEP18 APPENDIX E2 

32 
 

2.4. Study Areas 
The MTEP18 database is comprised of all areas in the Eastern Interconnect, with the exception of 

Florida, ISO New England and Eastern Canada. The six areas referenced in this appendix are:  

 Midcontinent Independent Transmission System Operator (MISO) 

 New York Independent System Operator (NYISO) 

 PJM Interconnection (PJM) 

 Southeast Reliability Corporation (SERC) 

 Southwest Power Pool (SPP) 

 Tennessee Valley Authority (TVA) 

 

All other regions of the Eastern Interconnection, such as Manitoba Hydro and Independent Electricity 

System Operator (IESO) are deemed to have sufficient capacity resources in all MTEP scenarios and, as 

such, EGEAS capacity expansions are not performed for these regions. However, these regions are still 

modeled in the PROMOD production cost modeling simulations. The TVA region has been modeled as 

two pools in an effort to more accurately model market behavior, which is constrained by TVA’s ability to 

sell power only to certain companies. The two pools, TVA and “TVA Other” are modeled in a single 

EGEAS model for resource forecasting purposes. The three companies that comprise the “TVA-Other” 

pool - Associated Electric Cooperative, Louisville Gas and Electric and Kentucky Utilities - do not have 

such a restriction.  

2.5. Public Policy 
Each MTEP planning cycle must consider all existing relevant local, state and federal policies. Pending 

public policy is also evaluated for inclusion. The following sub-sections lay out the specific public policies 

captured in each of the four MTEP18 Futures ranging from renewable portfolio standards to the carbon 

constraints applied in the Accelerated Fleet Change future. Demand side management programs, defined 

in Demand-Side Options above; capture required amounts of Energy Efficiency. The selected results are 

covered in the Demand-Side Management Selection and Impacts section and are not discussed as a 

public policy consideration. 

2.5.1. Renewable Portfolio Standard Modeling 
In MTEP18, current State Renewable Portfolio Standards are met at a minimum in all futures.  To 

consider the potential for renewable penetrations beyond RPS, indicative of both member plans as well 

as the current MISO Generator Interconnection Queue, MTEP18 futures capture a range of renewable 

addition rates (Figure 25: Renewable Energy Requirements Applied). 
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Figure 25: Renewable Energy Requirements Applied 

2.5.2. Carbon Regulation Modeling 
Regardless of carbon regulation, historical trends indicate CO2 reduction is a good metric in evaluating 

the degree of fleet change and that various factors beyond emission regulations have been driving down 

CO2 output. Prior to MTEP17, carbon regulation consideration typically put a dollar-per-ton cost adder 

onto CO2. In MTEP17, carbon constraints were included in two Future assumptions in annual tons per 

year. These constraints were largely based on the Mid-Term CPP study; however they were not limited to 

just CPP affected units, which excluded new combined-cycle units and all combustion turbines, and 

constrained CO2 for all units system-wide. In MTEP18, a 20 percent carbon reduction was modeled in the 

Accelerated Fleet Change future to provide consideration of potential emission reduction policies in at 

least one future. This was included to bookend uncertainty and model either possible future regulation or 

other industry pressures that would drive down CO2 emissions.  
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Figure 26: MTEP18 CO2 Outputs 

 

The CO2 constraint applied to the Accelerated Fleet Change Future targeted 20 percent additional 

emissions reductions by 2030 from 2016 levels. Figure 26: MTEP18 CO2 Outputs represents the 

resulting CO2 emission levels in the various Futures. Note that in Limited Fleet Change, Continued Fleet 

Change, and Distributed and Emerging Technologies Futures, there is some reduction in CO2 due to age-

related coal retirements and renewable additions but not a carbon constraint. 
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2.6. MTEP18 Futures Matrix 
 

 

Uncertainty Unit Low (L) Mid (M) High (H)

Coal ($/KW)

CC ($/KW)

CT ($/KW)

Nuclear ($/KW)

Wind-Onshore1 ($/KW)

IGCC ($/KW)

IGCC w/ CCS ($/KW)

CC w/ CCS ($/KW)

Pumped Storage Hydro ($/KW)

Battery Storage (Lithium Ion)1,8 ($/KW)

Compressed Air Energy Storage ($/KW)

PhotovoltaicAC
1 ($/KW)

Biomass ($/KW)

Conventional Hydro ($/KW)

Baseline 20-Year Demand Growth Rate2 % 0.2% 0.5% (.6%  in DET) 0.7%

Baseline 20-Year Energy Growth Rate3 % 0.2% 0.5% 0.7% (1.1%  in DET)

Demand Response & Energy Efficiency 

Levels - EE trimmed by  estimated Mandates & Goals
% AEG Low Growth

AEG Existing Programs 

Plus

AEG CPP 111(d) 

Case

Natural Gas4

($/MMBtu)
Forecast-30%

Combined NYMEX, 

EIA, and Wood 

Mackenzie

Forecast +30%

New Generation Capital Costs1

Natural Gas

3,760

1,082

925

5,908

1,757

4,035

7,046

2,250

5,382

Demand and Energy

668

1,295

2,203

3,934

3,937
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Figure 27: MTEP18 Uncertainty Variables 

Notes on uncertainty variables: 
1 All costs are overnight construction costs in 2017 dollars; sourced from NREL Annual Technology Baseline 2016; H and L values 

are 25 percent +/- from the M value, except Wind and Solar which follow NREL ATB cost maturity curves for M value and achieve 

25 percent lower than the 2025 value and beyond for L and stay flat in real dollars for the H. 
2 Mid values for years 1 - 10 of demand growth are derived from Module-E; Years 11-20 are extrapolated; H and L values are 

derived using LFU metric. Add .5 percent EV growth for DET Future 
3 Energy values are calculated using Module E, the corresponding demand forecast and historical load factors. Add .5 percent EV 

growth for DET Future 

4 NYMEX, EIA, and Wood Mackenzie 
5 Powerbase default for oil is $9.87/MMBtu 
6 Powerbase range for coal is $1 to $4, with an average value of $1.84/MMBtu 

7 Tonnage limit applies all units evenly. Reduction is from 2016 emission levels.  

8 Lazard used for Li Ion battery costs and maturity curve  

 

Uncertainty Unit Low (L) Mid (M) High (H)

Oil ($/MMBtu) Powerbase default5

Coal ($/MMBtu)
 Powerbase default   

-3%
Powerbase default6

Uranium ($/MMBtu) Powerbase default

Oil % 2.5%

Coal % 2.5%

Uranium % 2.5%

NOx ($/ton)

Annual $155 

Seasonal $300

CO2 (Tons)7 20% by 2030

Inflation % 2.5

Retirements MW

Age-related oil/gas 

(55 years) & coal (65 

years)

Age-related oil/gas (55 

years) & coal (60 

years), 35%  of nuclear 

in DET

Age-related oil/gas 

(55 years) & coal (60 

years, reduced 

operation)

Renewable Portfolio Standards %

State Mandates and 

goals

15%  energy from wind 

and solar (20%  in DET, 

emphasis on solar

26%  energy from 

wind and solar 

Cost Maturity Curves %

More aggressive 

than NREL ATB, 

achieving -25%  by 

2025

Based on NREL ATB
Less aggressive than 

NREL ATB

Other Variables

Emissions Costs/Constraints

Fuel Prices (Escalation Rates)

Fuel Prices (Starting Values)



MTEP18 APPENDIX E2 

37 
 

3. Results of Regional Resource Forecasting 
The futures result in various levels of resource additions and retirements (Figure 28: Resource 

Additions and Retirements). The levels of resources added in the LFC future are a direct correlation to 

the low-demand and energy growth assumption as well as known and assumed age-related retirements. 

Renewables are only added to meet RPS requirements, achieving 10 percent wind and solar energy in 

this low-load growth future (Figure 29: Energy Utilization by Resource). Also, there is more selection of 

CTs over CCs reflecting the need for more peaking capacity than energy-providing baseload units.  

The fleet changes in CFC show a balanced buildout of gas units and renewables to reflect what the fleet 

would continue to trend toward based on historical fleet change trends. Renewable additions are 

dominated by wind generation in early years while solar additions occur more in later years. This trend is 

observed as the capital cost maturity of solar is expected to outpace that of wind in later years.  

In the AFC future, the increase in renewable additions is driven by a 20 percent CO2 reduction from 

today’s levels, the higher level of coal retirements, and higher load growth reaching 30 percent energy 

from renewables. The system sees double the nameplate capacity added per units retired. In addition to 

the growing demand and energy, much of the capacity need is driven by retired units with higher capacity 

credits being replaced by renewable units with lower capacity credits, namely 25 percent for solar and 

15.6 percent for wind.  

In the DET future, the renewable energy level was set at a rate of 20 percent to represent the interest in 

these technologies, specifically distributed solar, in a system with high energy demand created by the 

increase of electric vehicles. In this scenario, the cost of solar matures more quickly due to faster 

penetration and adoption of solar technology.  

 

Figure 28: Resource Additions and Retirements 
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The energy usage of the system is shown for each future (Figure 29: Energy Utilization by Resource). 

The chart shows the energy utilization of the system in the base year compared to the final PROMOD 

model year. For the LFC future, coal is dispatched at 46 percent in the base year while coal is dispatched 

at 59 percent and 64 percent in the CFC and AFC, respectively. The driver for the difference in base-year 

energy utilization is the higher starting natural gas prices. The higher gas price makes more coal 

resources get dispatched over gas resources initially but changes over time as coal retirements and CO2 

reductions increase.  

 

Figure 29: Energy Utilization by Resource 

 

 

 

 

2017
Historical

LFC 2032
CFC
2032

AFC
2032

DET
2032

DSM 0% 0% 0% 3% 1%

Other 3% 3% 3% 3% 3%

Solar 0% 1% 3% 4% 7%

Wind 9% 9% 13% 25% 13%

Gas 24% 24% 27% 20% 27%

Coal 48% 50% 42% 33% 39%

Nuclear 16% 13% 12% 12% 10%
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3.1.1. Demand-Side Management Selection and Impacts 
The DSM program selections indicated in Table 7: AEG Demand-side Management  are defined in  

Table 32: DSM Program Impacts (Highlighted Programs Selected), which shows the capacity and energy 

impacts by study year 15 from each of the 11 programs under each of the different scenarios used. The 

programs that were selected by the EGEAS resource expansion program are indicated in highlighted 

cells.  

MTEP18 Programs 
Limited Fleet 

Change 
Continued Fleet 

Change 
Accelerated Fleet 

Change 
Distributed and 

Emerging Technologies 

15 Year 
Potential** 

C&I vs 
Residential 

Capacity 
(GW) 

Energy 
(GWh) 

Capacity 
(GW) 

Energy 
(GWh) 

Capacity 
(GW) 

Energy 
(GWh) 

Capacity 
(GW) 

Energy 
(GWh) 

Demand 
Response 

C/I - - 0.7 55.9 1.0 74 0.7 55.9 

Direct Load 
Control 

C/I 1.2 100 1.4 113 2.2 165 1.4 113 

R 0.4 35 0.4 37 1.3 120 0.4 37 

Price-
Responsive 

Demand 

C/I 0.2 49 0.2 56 0.8 178 0.2 56 

R 0.0 5 0.0 5 0.5 95 0.0 5 

High-cost 
Energy 

Efficiency 

C/I 2.7 10,989 3.1 13,842 9.0 38,379 3.1 13,842 

R 3.5 12,401 3.8 13,997 6.2 23,521 3.8 13,997 

Low-cost 
Energy 

Efficiency 

C/I 1.6 6,276 1.7 6,851 4.9 19,766 1.7 6,851 

R - - - - 0.3 1,508 - - 

Distributed 
Generation 

C/I 1.1 857 0.7 1,077 3.3 8,210 0.7 1,077 

R 1.0 2,680 1.1 3,121 2.6 5,054 1.1 3,121 

 

Table 32: DSM Program Impacts (Highlighted Programs Selected) 
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Table 43: DSM Program Costs provides the costs of all programs. The programs with either the highest 

$/kW or $/MWh in their first or last years were typically not selected. 

AEG Scenario* Low Growth* Medium (Existing*) High (CPP*) 

Year 1 20 1 20 1 20 

CandI vs. Residential  
$/ 
kW 

$/ 
MWh 

$/ 
kW 

$/ 
MWh 

$/ 
kW 

$/ 
MWh 

$/ 
kW 

$/ 
MWh 

$/ 
kW 

$/ 
MWh 

$/ 
kW 

$/ 
MWh 

DR CandI 635  8,755  10  137  635 8,738  7  103  639  8,794  7  99  

Direct Load 
Control 

CandI 276  3,428  20  247  271  3,425  15  190  286  3,608  16  215  

R 195  2,131  8  92  194  2,117  6  68  259  2,828  6  70  

Price-Resp. 
Demand 

CandI 707  3,040  58  255  733  3,041  49  202  959  3,981  61  288  

R 250  1,441  30  185  248  1,433  23  143  1,227  7,090  114  652  

High-cost 
EE 

CandI 3,103  722  393  96  3,131  728  287  70  4,211  980  307  76  

R 1,781  404  275  82  1,810  411  213  63  1,983  450  233  66  

Low-cost 
EE 

CandI 1,220  303  151  44  1,207  300  115  35  1,594  396  112  93  

R 1,269  300  130  28  1,381  326  115  25  1,939  458  136  30  

DG 
CandI 19,733  26,185  2,269  2,931  17,042  26,063 1,505  2,243  34,840  53,284  4,328  1,847  

R 6,272  1,816  723  282  6,214  1,801 552  214 6,810  1,974  332  184  

Table 43: DSM Program Costs 
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Figure 30: MISO Gross and Net Demand shows the gross and net demand by future resulting from the 

selected AEG energy efficiency programs. Similarly, Figure 31: MISO Gross and Net Energy shows the 

gross and net energy by future from these same selected energy efficiency programs.  

 

Figure 30: MISO Gross and Net Demand 

 

 

Figure 31: MISO Gross and Net Energy 
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Figure 32: Present Value Costs below compares the cumulative present value of the costs in EGEAS for 

the 15-year study period. As the load and fuel costs of the given futures increase, generally the 

production costs do as well. As the load and retirement levels increase, so do the fixed O and M and the 

capital fixed charges. Though the production costs do increase slightly from the LFC Future to the AFC 

Future, the increased reliance on renewables, with only fixed O and M, helps to keep those costs down. 

 

Figure 32: Present Value Costs 
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3.2. CO2 Output by Future  
Carbon dioxide (CO2) emission trends align with expected trends based on the input constraints. The 

historical trend line bisects the resulting CO2 emissions of the Accelerated Fleet Change future. Note that 

an emission constraint was only applied to the Accelerated Fleet Change future and not to the other 

futures. The reduction in emission levels seen in other Futures is due to the reduction in the coal fleet 

because of generation retirements and that capacity then being replaced with lower-carbon gas burning 

generation and renewable resources. 

 

Figure 33: MTEP18 CO2 Outputs 

 

4. Siting of Regional Resource Forecast Units 
Regional Resource Forecast (RRF) units are an output of Step 1 of the 7-Step MTEP planning process. 

Given that the Generator Interconnection Queue typically only informs one to five years out, a capacity 

expansion tool, such as EGEAS, is used to supplement the out years to maintain the load-to-resource 

balance under certain constraints; planning reserve margin requirement (PRMR), renewable energy 

requirements or emission limits. These units must be sited within the powerflow model for use within the 

production costing PROMOD model. Beginning with MTEP11, MISO included demand response (DR) 

and energy efficiency (EE) units in the EGEAS capacity planning process. While EE is simply netted out 

of the baseline demand and energy values in PROMOD, DR units also have to be sited into the 

powerflow models for dispatch in production cost analysis. Therefore, additional siting methodology for 

DR has been developed and has changed over time. A Geographic Information System (GIS) software 

program called MapInfo is used to assist in the generation siting. Siting rules, which are detailed below, 

are used to develop layers within the mapping software showing the potential locations of the RRF units. 
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4.1. General Siting Rules 
The rules outlined in this section show, at a high level, assumptions that go into siting of RRF generation.  

 Site with consideration of Zonal Resource Adequacy Requirements, with the exception of wind 
and solar 

 Site at Definitive Planning Phase (DPP of the MISO Generator Interconnection Queue process) 
queue sites of the same RRF type and similar size, to the nearest 100 MW 

 Avoid greenfield sites for gas units (CTs and CCs) if possible - prefer to use brownfield sites 
o Brownfield applies to coal and gas, either replacement of retired capacity or expansion of 

existing 
o Replacement capacity prioritizes assumed retirements over known, unless known has 

some documented plan for replacement with gas CC or CT 

 Site baseload CC units in 600-900 MW increments, CT units in 300 MW increments, and nuclear 
in 1,200 MW increments 

 Limit the total amount of expansion at an existing site to no more than an additional 2,400 MW 
but prefer 1,200 MW 

 Restrict greenfield sites to a total size of 2,400 MW 

 Limit using queue generation in multiple futures, unless resource is highly certain 

 Use high-voltage, 230 kV or higher, buses unless a unit is replacing an existing unit at a low-
voltage bus 

Transmission may be considered as a siting factor; how many lines connected to a bus at what voltage 

level may be considered when comparing two sites, all else equal. 

4.1.1. Generator Developmental Statuses 
A generator’s development status is required to determine how the unit will be treated in both the EGEAS 

capacity expansion model and the siting process. Existing and queue generation is given one of the 

following developmental statuses within the PowerBase database: 

 Active — Existing, online generation including committed and uncommitted units. Does not 
include generation which has been mothballed or decommissioned. 

 Planned — A generator that is not online, has a future in-service date, is not suspended or 
postponed and has proceeded to a point where construction is almost certain, such as it has a 
signed Interconnection Agreement (IA), all permits have been approved, all study work has been 
completed, etc. 

– These units are used in the model to meet future demand requirements prior to the 
economic expansions 

 Future — Generators with a future online date that do not meet the criteria of the “planned” 
status. Generators with a future status are typically under one of the following categories: 
proposed, feasibility studies, permits applied, etc. 

– These generators are not used in the models but are considered in the siting of future 
generation  

 Canceled — Generators that have been suspended, canceled, retired or mothballed. These units 
are not included in the EGEAS capacity expansion model, although their sites are often 
considered for brownfield locations in the siting process.  
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4.2. Future-Specific Siting Rules 
In an effort to produce capacity expansions that capture a wide range of future possibilities, certain 

criterion may be applied to one scenario that are not applied to others. Here are some examples of future-

specific siting criteria: 

 For one future, use non-signed IA queue generators as possible locations, but don’t reuse in 
other futures 

 Use all brownfield/expandable sites in a future, if possible 

 Use brownfield sites early, then greenfield sites 

 Use a “smart” siting methodology in one future, i.e. “energy park” mentality 

– Site CT near Wind if other criteria are met 
– Site CT, CC, Coal and Wind near each other if all criteria are met 

4.3. Site Selection Priority Order 
 Priority 1: Generators without a Signed IA  

o Queue status used to prioritize sites; DPP status is Priority 1 

 Priority 2:  
o Priority 2.1: Brownfield at assumed retirement sites 
o Priority 2.2: Retired/mothballed sites which have not been re-used 
o Priority 2.3: Brownfield expansion at existing sites 

 Priority 3:  
o Priority 3.1: Queue in canceled or Postponed Status 
o Priority 3.2: Greenfield Sites using greenfield siting methodology 

4.4. Unit-Specific Greenfield Siting Rules 
Thermal unit siting uses a specific set of rules for each type of capacity. Also, demand-side resources 

have a completely different set of rules to follow for siting.  

4.4.1. Greenfield Combined Cycle Siting Rules 
Required Criteria: 

 20 miles outside of Class I land 

 Within 2 miles of river or a lake (lake has to be larger than 100 mi2) 

 Within 10 miles of a gas pipeline (diameter of 12 inches or greater) 

 Within 25 miles of a major urban area  

4.4.2. Greenfield Combustion Turbine Siting Rules 
Required Criteria: 

 20 miles outside of Class I land 

 Within 5 miles of a gas pipeline (diameter 12 inches or greater) 

 Preferably within 1 to 2 miles of a major river or a lake 
 
 
 
 
 
 



MTEP18 APPENDIX E2 

46 
 

Optional Criteria: 

 CTs can almost be located anywhere 

 CTs historically have been located near metro areas, but not required 

 CTs do not need a river for cooling 

 Less likely to build pipeline for CT vs. CC 

 CTs may be the preferred generation for coal retirement sites within metro areas 

4.4.3. Greenfield Nuclear Siting Rules 
Required Criteria: 

 Use existing nuclear sites only 

 States eligible for siting of future nuclear generation 

4.4.4. Greenfield Wind Siting Rules 
Required Criteria: 

 Site to RGOS and Vibrant Clean Energy (VCE) Study5 based wind tiers up to the tier enabled 
capacity 

– Tiers prioritized to fill RGOS zones, reflect DPP queue sites, then other queue sites  

 Not in a state or national park 

 Not in metro areas 

 Not on state-managed lands 

4.4.5. Greenfield Photovoltaic Siting Rules 
 Sited to VCE Study based solar tiers. Tiers prioritized by those including DPP queue sites then 

other queue sites. 

 Additionally, to capture the recent trends in distributed solar and solar gardens, one-third of solar 
PV capacity expansion will be sited on a load ratio share to each Local Balancing Authority’s 
(LBA) top 20 load buses in the Limited Fleet Change, Continued Fleet Change, and Accelerated 
Fleet Change futures. In the Distributed and Emerging Technologies future, two-thirds of the solar 
PV capacity expansion will be sited as distributed technology in that fashion. 

4.4.6. Demand-Side Management Siting Rules 
Demand Response is divided into two categories- Commercial/Industrial (CandI) and Residential (R). If 

selected, the CandI programs are sited at the top 10 non-conforming (proxy for industrial) buses per LBA, 

and the residential programs are sited at top 10 conforming (proxy for residential) load buses. The DG 

programs are sited at the top 20 load buses per LBA based on LBA’s load ratio share. As EE is not 

dispatchable, the impact of energy efficiency is accounted for in the demand and energy growth rates 

since EE is typically available during all 8,760 hours in a year. EE was reduced from each LBA’s load and 

energy based on their overall load ratio share and the zonal splits per EE program as defined by AEG. 

                                                
5 https://www.misoenergy.org/_layouts/miso/ecm/redirect.aspx?id=223249 

https://cdn.misoenergy.org/20180118%20MTEP19%20Siting%20VCE%20Enhancement%20Scope112540.pdf
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4.5. RRF Unit Thermal Siting Maps 
Figures 34 through 39 are an overview of the Regional Resource Forecast (RRF) unit siting for each of 

the future scenarios. More detailed maps are available upon request. The number of sites used reflects 

the siting size differences of the larger combined cycle units versus the smaller combustion turbine units. 

 
Figure 34: Limited Fleet Change future supply-side resource siting map 

 
Figure 35: Continued Fleet Change future supply-side resource siting map 
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Figure 36: Distributed and Emerging Technologies future supply-side resource siting map 

 
Figure 37: Accelerated Fleet Change future supply-side resource siting map 
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4.6. RRF Unit Renewable Siting Maps 
 

 

Wind Tier Total (MW) LFC CFC AFC DET 

Tier 1: RGOS 13,750  2,400 9,600 13,750 11,550 

Tier 2 15,729  -- -- 15,929 100 

Tier 3 18,997 -- -- 5,121 600 

Tier 5 22,400 -- -- -- 950 

Total 70,876  2,400 9,600 34,800 13,200 

 

Figure 38: MTEP18 Wind Tiers 
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Solar Tier 
(MW) 

 Total 
Available 
Capacity 

Limited Fleet 
Change 

Continued Fleet 
Change 

Accelerated Fleet 
Change 

Distributed and Emerging 
Technology 

Tier 1 4,600 1,600 4,600 4,600 4,600 

Tier 2 3,600* -- 2,600 5,400 3,600 

Tier 3 3,250 -- -- 2,000 2,600 

Distributed N/A 800 3,600 6,000 21,600 

Total 11,450* 2,400 10,800 18,000 32,400 

 

Figure 39: MTEP18 Solar Tiers 


