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Executive Summary 
The MTEP17 Triennial Multi-Value Project (MVP) Review 

provides an update of the projected economic, public policy and 

qualitative benefits of the MVP Portfolio. The MTEP17 MVP 

Triennial Reviewôs business case is on par with, if not better 

than, MTEP11, providing evidence that the MVP criteria and 

methodology works as expected. Analysis shows that projected 

MISO North and Central Region benefits provided by the MVP 

Portfolio have increased since MTEP11, the analysis from 

which the portfolioôs business case was approved. 

The MTEP17 results demonstrate the MVP Portfolio: 

¶ Provides benefits in excess of its costs, with its benefit-to-cost ratio ranging from 2.2 to 3.4; an 
increase from the 1.8 to 3.0 range calculated in MTEP11 

¶ Creates $12.1 to $52.6 billion in net benefits over the next 20 to 40 years 

¶ Enables 52.8 million MWh of wind energy to meet renewable energy mandates and goals through 
year 2031 

Benefit increases are primarily congestion and fuel savings, largely driven by the changing MISO fleet, 

carbon costs and updated system landscape. 

The fundamental goal of the MISOôs planning process is to develop a comprehensive expansion plan that 

meets the reliability, policy and economic needs of the system. Implementation of a value-based planning 

process creates a consolidated transmission plan that delivers regional value while meeting near-term 

system needs. Regional transmission solutions, or MVPs, meet one or more of three goals: 

¶ Reliably and economically enable regional public policy needs 

¶ Provide multiple types of regional economic value 

¶ Provide a combination of regional reliability and economic value 

MISO conducted its second triennial MVP Portfolio review, per tariff requirement, for MTEP17. The MVP 

Review has no impact on the existing MVP Portfolio cost allocation and is performed solely for 

informational purposes. The intent of the MVP 

Review is to use the review process and results to 

identify potential modifications to the MVP 

methodology and its implementation for projects to 

be approved at a future date. 

The MVP Review uses stakeholder-vetted models 

and makes every effort to follow procedures and 

assumptions consistent with the MTEP11 analysis. 

Metrics that required any changes to the benefit 

valuation due to changing tariffs, procedures or 

conditions are highlighted. Consistent with 

MTEP11, the MTEP17 MVP Review assesses the benefits of the entire MVP Portfolio and does not 

differentiate between facilities currently in-service and those still in planning stages. Because the MVP 

Portfolioôs costs are allocated solely to the MISO North and Central Regions, only MISO North and 

Central Region benefits are included in the MTEP17 MVP Triennial Review. 

The Triennial MVP Review has no 

impact on the existing MVP 

Portfolio cost allocation. The 

intent of the MVP Review is to 

identify potential modifications to 

the MVP methodology for projects 

to be approved at a future date. 

Analysis shows that 

projected benefits 

provided by the MVP 

Portfolio have increased 

since MTEP11. 
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Public Policy Benefits 

The MTEP17 MVP Review reconfirms the MVP Portfolioôs ability to deliver wind generation, in a cost-

effective manner, in support of MISO Statesô renewable energy mandates. Renewable Portfolio 

Standards assumptions
1
 have only had minor changes since the MTEP11 analysis. 

Updated analyses find that 11.3 GW of dispatched wind would be curtailed in lieu of the MVP Portfolio, 

which extrapolates to 60.5 percent of the 2031 full Renewable Portfolio Standard (RPS) energy. MTEP14 

and MTEP11 analyses both showed a similar percentage of their full RPS energy would be curtailed 

without the installation of the MVP Portfolio. The minor differences between studies can be attributed to 

new transmission upgrades represented in the system models and the changes in actual physical 

locations of installed wind turbines. 

In addition to allowing energy to not be curtailed, analyses determined that 5.1 GW of wind generation in 

excess of the 2031 requirements is enabled by the MVP Portfolio. For their respective models years, 

MTEP11 and MTEP14 analyses determined that 2.2 GW and 3.4 GW of additional generation could be 

sourced from the incremental energy zones. 

When the results from the curtailment analyses and the wind-enabled analyses are combined, MTEP17 

results show the MVP Portfolio enables a total of 52.8 million MWh of renewable energy to meet the 

renewable energy mandates through 2031. System wide, the MTEP17 wind enablement amount is 

substantively similar to 2014 and 2011 analyses ð 43 million MWh and 41 million MWh, respectively. 

Economic Benefits 

MTEP17 analysis shows the Multi-Value Portfolio creates $22.1 to $74.8 billion in total benefits to MISO 

North and Central Region members (Figure E-1). Total portfolio costs have increased from $5.56 billion in 

MTEP11 to $6.65 billion in MTEP17. Even with the increased portfolio cost estimates, the increased 

MTEP17 congestion and fuel savings benefit forecasts result in portfolio benefit-to-cost ratios that have 

increased since MTEP11. 

 

                                                      
1
 Assumptions include Renewable Portflio Standard levels and fulfillment methods 
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Figure E-1: MVP Portfolio Economic Benefits from MTEP17 MVP Triennial Review 

Increased Market Efficiency 

The MVP Portfolio allows for a more efficient 

dispatch of generation resources, opening 

markets to competition and spreading the 

benefits of low-cost generation throughout the 

MISO footprint. The MVP Review estimates that 

the MVP Portfolio will yield $20 to $71 billion in 

20- to 40-year present value adjusted production 

cost benefits to MISOôs North and Central regions. 

The MVP Portfolio allows access to wind units with a nearly $0/MWh production cost and primarily 

replaces natural gas units in the dispatch, which makes the MVP Portfolioôs fuel savings benefit projection 

highly correlated to the natural gas price assumption. A sensitivity applying the MTEP14 Business-as-

Usual gas price assumptions to the MTEP17 MVP Triennial Review model showed a 27 percent 

reduction in the 20-year MTEP14 Present Value congestion and fuel savings benefits. Also, 

approximately 38 percent of the difference between the MTEP17 and MTEP14 present value congestion 

and fuel savings benefit is attributable to the carbon costs, wind enablement, coal retirements and 

topology changes (Figure E-2). 

The MVP Review estimates that the 
MVP Portfolio will yield $20 to $71 
billion in 20- to 40-year present value 
adjusted production cost benefits to 
MISOôs North and Central regions.  
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Figure E-2: Breakdown of Congestion and Fuel Savings Increase from MTEP14 to MTEP17 

 

The MTEP17 Policy Regulation futureôs national CO2 emissions were priced at $5.80/ton, which 

increased the congestion and fuel savings benefit by 10 percent relative to MTEP14. The MTEP14 model 

did not include carbon emission costs in the production cost calculation. The wind enabled through the 

MVPôs offset more expensive generation, with carbon costs, to lead to the slight increase in MVP 

benefits. 

Within the MTEP17 Policy Regulatory (PR) future assumptions MISO forecasted approximately 16 GW of 

coal retirements driven by both age and policy assumptions. The MTEP14 Triennial Review models 

included 12.6 GW of assumed coal retirements. The coal unit retirement assumption in MTEP17 PR 

future resulted in an increase in congestion and fuel savings of 9.4 percent. The additional 18.9 percent in 

increased benefits is driven by the increase in wind enabled by the MVPs as well as topology changes 

from MTEP14 to MTEP17. 

In addition to the energy benefits quantified in the production cost analyses, the 2011 business case 

showed the MVP Portfolio also reduces operating reserve costs. The MVP Review does not estimate a 

reduced operating reserve benefit in 2017, as a conservative measure, because of the decreased number 

of days a reserve requirement was calculated since the MTEP11 analysis. 

Deferred Generation Investment 

The addition of the MVP Portfolio to the transmission network reduces overall system losses, which also 

reduces the generation needed to serve the combined load and transmission line losses. Using current 
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capital costs, the deferment from loss reduction equates to a MISO North and Central Regionsô savings of 

$234 to $1,061 million ð nearly double the MTEP11 values as a result of tighter reserve margins. 

The previous MVP Triennial Review in MTEP14 estimated a deferred capacity value of $75.8 million due 

to the expected capacity shortage in Local Resource Zone (LRZ) 3 without the addition of the MVPs. With 

the refreshed analysis using updated system topology and expected capacity resources, MISO no longer 

expects a capacity shortfall in LRZ 3. As a result, the MVP Review does not estimate any deferred 

capacity benefits in the MTEP17 MVP Review. 

Other Capital Benefits 

The MTEP17 Triennial MVP Review found that the benefits from the optimization of wind generation 

siting to be $1.2 to $1.4 billion. These benefits are lower relative to MTEP11 and MTEP14 which is 

primarily due to a 40 percent decrease in the estimated wind capital costs. 

Consistent with MTEP11, the MTEP17 MVP Triennial Review shows that the MVP Portfolio eliminates the 

need for $300 million in future baseline reliability upgrades. The magnitude of estimated benefits is in 

close proximity to the estimates from MTEP11 and MTEP14; however, the actual identified upgrades are 

different as a result of load growth, generation dispatch, wind levels and transmission upgrades. 

Distribution of Economic Benefits 

The MVP Portfolio provides benefits across the MISO footprint in a manner that is roughly equivalent to 

costs allocated to each LRZ (Figure E-3). The MVP Portfolioôs benefits are at least 1.5 to 2.6 times the 

cost allocated to each zone. Differences in zonal distribution relative to MTEP11 and MTEP14 are a result 

of changing tariffs/business practices (planning reserve margin requirement and baseline reliability project 

cost allocation), generation dispatch, wind siting and load levels. 

 

Figure E-3: MVP Portfolio Total Benefit Distribution 
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Qualitative and Social Benefits 

Aside from widespread economic and public policy benefits, the MVP Portfolio also provides benefits 

based on qualitative or social values. The MVP Portfolio: 

¶ Enhances generation flexibility 

¶ Creates a more robust regional transmission system that decreases the likelihood of future 
blackouts 

¶ Increases the geographic diversity of wind resources that can be delivered, increasing the 
average wind output available at any given time 

¶ Supports the creation of thousands of local jobs and billions in local investment 

¶ Reduces carbon emissions by 13 to 21 million tons annually 

These benefits suggest quantified values from the economic analysis may be conservative because they 

do not account for the full potential benefits of the MVP Portfolio. 

Historical Review 

The MTEP17 MVP Review is the first cycle to provide a quantitative and qualitative look at how the in-

service MVPs may have impacted certain historical market metrics. With only four of the 17 MVPs 

presently in service, no definitive conclusions could be made as a result of this analysis. However, 

correlations between congestion improvements on targeted flow gates and upward trends of wind 

resource interconnections and energy supplied were observed from the limited available data. As a larger 

statistical sample size becomes available in future reviews, a more detailed discussion on MVP impacts 

will be provided. 

Going Forward 

MTEP18 and MTEP19 will feature a Limited Review of the MVP Portfolio benefits. Each Limited Review 

will provide an updated assessment of the congestion and fuel savings using the latest portfolio costs and 

in-service dates. The next full triennial review will be performed in MTEP20. 
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1. Study Purpose and Drivers 
In 2017, MISO performed its second triennial 
review of the Multi-Value Project (MVP) Portfolio 
benefits. The MVP Portfolio was studied and 
approved in 2011 as a part of MISOôs annual 
transmission expansion plan (MTEP), with a tariff 
requirement to conduct a full review every three 
years. The first triennial review was completed in 
2014. The MTEP17 Triennial MVP Review 
provides an updated view into the projected 
economic, public policy and qualitative benefits of the MTEP11-approved MVP Portfolio. 
 

The MVP Review has no impact on the existing MVP Portfolio cost allocation. Analysis is performed 

solely for information purposes. The intent of the MVP Reviews is to use the review process and results to 

identify potential modifications to the MVP methodology and its implementation for projects to be 

approved at a future date. The MVP Reviews are intended to verify if the MVP criteria and methodology is 

working as expected. 

The MVP Review uses stakeholder-vetted models and makes every effort to follow consistent procedures 

and assumptions as the Candidate MVP, also known as the MTEP11 analysis. Any metrics that required 

changes to the benefit valuation due to revised tariffs, procedures or conditions are highlighted 

throughout the report. Wherever practical, any differences between MTEP17, MTEP14 and MTEP11 

assumptions are noted and the resulting differences quantified. 

Consistent with MTEP11, the MTEP17 MVP Review assesses the benefits of the entire MVP Portfolio 

and does not differentiate between facilities currently in-service and those still being planned. The latest 

MVP cost estimates and in-service dates are used for all analyses.  

  

The MVP Triennial Review has no 

impact on the existing Multi-Value 

Project Portfolio cost allocation. 

The study is performed solely for 

information purposes. 



2017 MVP TRIENNIAL REVIEW REPORT 

11 
 

2. Study Background 
The MVP Portfolio (Figure 2-1 and Table 2-1) represents the culmination of more than eight years of 

planning efforts to find a cost-effective regional transmission solution that meets local energy and 

reliability needs. 

In MTEP11, the MVP Portfolio was justified based its ability to: 

¶ Provide benefits in excess of its costs under all scenarios studied, with its benefit-to-cost ratio 
ranging from 1.8 to 3.0 

¶ Maintain system reliability by resolving reliability violations on approximately 650 elements for 
more than 6,700 system conditions and mitigating 31 system instability conditions 

¶ Enable 41 million MWh of wind energy per year to meet renewable energy mandates and goals 

¶ Provide an average annual value of $1,279 million over the first 40 years of service, at an 
average annual revenue requirement of $624 million 

¶ Support a variety of generation policies by using a set of energy zones that support wind, natural 
gas and other fuel sources 

 

Figure 2-1: MVP Portfolio
2 

                                                      
2
 Figure for illustrative purposes only. Final line routing may differ. 
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ID Project State 
Voltage 

(kV) 

1 Big StoneïBrookings SD 345 

2 Brookings, SDïSE Twin Cities MN/SD 345 

3 Lakefield Jct.ïWinnebagoïWincoïBurt Area & SheldonïBurt AreaïWebster MN/IA 345 

4 WincoïLime CreekïEmeryïBlack HawkïHazleton IA 345 

5 LaCrosseïN. MadisonïCardinal & Dubuque CoïSpring GreenïCardinal WI 345 

6 EllendaleïBig Stone ND/SD 345 

7 AdairïOttumwa IA/MO 345 

8 AdairïPalmyra Tap MO/IL 345 

9 Palmyra TapïQuincyïMerdosiaïIpava & MeredosiaïPawnee IL 345 

10 PawneeïPana IL 345 

11 PanaïMt. ZionïKansasïSugar Creek IL/IN 345 

12 ReynoldsïBurr OakïHiple IN 345 

13 Michigan Thumb Loop Expansion MI 345 

14 ReynoldsïGreentown IN 765 

15 Pleasant PrairieïZion Energy Center WI/IL 345 

16 Fargo-GalesburgïOak Grove IL 345 

17 SidneyïRising IL 345 

Table 2-1: MVP Portfolio 

In 2008, the adoption of Renewable Portfolio Standards (RPS) (Figure 2-2) across the MISO footprint 

drove the need for a more regional and robust transmission system to deliver renewable resources from 

often remote renewable energy generators to load centers. 

 

Figure 2-2: Renewable Portfolio Standards, 2011 
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Beginning with the MTEP 2003 Exploratory Studies, MISO and stakeholders began to explore how to 

best provide a value-added regional planning process to complement the local planning of MISO 

members. These explorations continued in later MTEP cycles and in specific targeted studies. In 2008, 

MISO began the Regional Generation Outlet Study (RGOS) to identify a set of value-based transmission 

projects necessary to enable Load Serving Entities (LSEs) to meet their RPS mandates. It accomplished 

this with the assistance of state regulators and industry stakeholders such as the Midwest Governorôs 

Association (MGA), the Upper Midwest Transmission Development Initiative (UMTDI) and the 

Organization of MISO States (OMS).  

While much consideration was given to wind capacity factors when developing the energy zones utilized 

in the RGOS and MVP Portfolio analyses, the zones were chosen with consideration of more factors than 

wind capacity. Existing infrastructure, such as transmission and natural gas pipelines, also influenced the 

selection of the zones. As such, although the energy zones were created to serve the renewable 

generation mandates, they could be used for a variety of different generation types to serve various future 

generation policies. 

Common elements between the RGOS results and previous reliability, economic and generation 

interconnection analyses were identified to create the 2011 candidate MVP portfolio. This portfolio 

represented a set of ñno regretsò projects that were believed to provide multiple kinds of reliability and 

economic benefits under all alternate futures studied. Over the course of the MVP Portfolio analysis, the 

Candidate MVP Portfolio was refined into the portfolio that was approved by the MISO Board of Directors 

in MTEP11. 

The MVP Portfolio enables the delivery of the renewable energy required by public policy mandates in a 

manner more reliable and economical than without the associated transmission upgrades. Specifically, 

the portfolio mitigates approximately 650 reliability constraints under 6,700 different transmission outage 

conditions for steady state and transient conditions under both peak and shoulder load scenarios. Some 

of these conditions could be severe enough to cause cascading outages on the system. By mitigating 

these constraints, approximately 41 million MWh per year of renewable generation can be delivered to 

serve the MISO state renewable portfolio mandates. 

Under all future policy scenarios studied, the MVP Portfolio delivered widespread regional benefits to the 

transmission system. To use conservative projections relating only to the state renewable portfolio 

mandates, only the Business as Usual future was used in developing the candidate MVP business case. 

The projected benefits are spread across the system, in a manner commensurate with costs (Figure 2-3). 
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Figure 2-3: MTEP11 MVP Portfolio Benefit Spread 

 

Taking into account the significant economic value created by the portfolio, the distribution of these value, 

and the ability of the portfolio to meet MVP criteria through its reliability and public policy benefits, the 

MVP Portfolio was approved by the MISO Board of Directors in MTEP11. 
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3. MTEP17 MVP Review Model Development 
 

The MTEP17 MVP Triennial Review uses MTEP17 economic 

models as the basis for the analysis. The MTEP17 economic 

models were developed in 2016 with topology based on the 

MISO powerflow models from the MTEP16 reliability study. 

To maintain consistency between economic and reliability 

models, MVP Triennial Review wind curtailment and 

enablement analysis was performed with MTEP16 vintage 

powerflows. 

The MTEP models were developed through an open stakeholder process and vetted through the 

appropriate MISO stakeholder committees, including MISO Planning Advisory Committee, Planning 

Subcommittee, Modeling Users Group and Economic Planning Users Group. The details of the economic 

and reliability models used in the MTEP17 MVP Triennial Review are described in the following sections. 

The MTEP models are available via the MISO FTP site with proper licenses and confidentiality 

agreements. 
 

3.1 Economic Models 

The MVP Benefit Review uses PROMOD IV as the primary tool to evaluate the economic benefits of the 

MVP Portfolio. The MTEP17 MISO North/Central economic models, stakeholder vetted in 2016, are used 

as the basis for the MTEP17 Review. The same economic models are used in the MTEP17 Market 

Congestion Planning Study. 

In previous reviews, including MTEP11, MISO utilized a 

Business as Usual (BAU) future scenario to represent a 

status quo environment; generally including existing 

standards for renewable mandates and little or no change 

in environmental legislation. A BAU future was not 

developed for MTEP17. To replicate the MTEP11 MVP 

business case
3
 as close as possible, the MTEP17 Review 

will rely on the Policy Regulation (PR) future. 

Similar to previous cyclesô BAU futures, the MTEP17 PR future includes mid or base levels of demand 

and energy growth rates, fuel prices and uncertainty variables. The primary difference between the 

MTEP17 PR and previous cyclesô BAU futures is the inclusion of a carbon reduction target in the MTEP17 

PR. The MTEP17 Triennial Review was performed both with and without the carbon reduction target 

applied for comparability, but default values in the MTEP17 include the carbon constraint per the future 

definition. 

MTEP11 analysis relied on two definitions of the BAU future ð one with a slightly higher baseline growth 

rate and one with a slightly lower growth rate (Table 3-1), and MTEP14 utilized a single BAU future 

scenario in the previous review. As such, all MTEP17 Triennial MVP Review results in this report will be 

compared to the arithmetic mean of the MTEP11 Low BAU and High BAU results and MTEP14 BAU 

results (where applicable). 

 

                                                      
3
 The Candidate MVP Analysis provided results for information purposes under all MTEP11 future scenarios; however, the business 

case only used the Business as Usual futures. 

MTEP17 economic 

models, developed in 

2016, are the basis for the 

MTEP17 MVP Triennial 

Review. 

To replicate the MTEP11 MVP 

business case as close as 

possible, the MTEP17 Review 

will rely on the Policy 

Regulation (PR) future. 
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MTEP17 

PR 
MTEP14 

BAU 
MTEP11 
Low BAU 

MTEP11 
High BAU 

Demand 
and 

Energy 

Demand Growth Rate 0.64% 1.06% 1.26% 1.86% 

Energy Growth Rate 0.65% 1.06% 1.26% 1.86% 

Natural 
Gas 

Forecast4 

Starting Point 2.26 $/MMBTU 3.75 $/MMBTU 5.38 $/MMBTU 5.38 $/MMBTU 

2021 Price 3.85 $/MMBTU 6.26 $/MMBTU 6.07 $/MMBTU 6.58 $/MMBTU 

2026 Price 4.45 $/MMBTU 8.36 $/MMBTU 6.62 $/MMBTU 7.59 $/MMBTU 

2031 Price 5.20 $/MMBTU 10.59 $/MMBTU 7.22 $/MMBTU 8.77 $/MMBTU 

Fuel Cost  
(Starting 
Price) 

Oil 
Powerbase 

Default 
Powerbase 

Default 
Powerbase 

Default 
Powerbase 

Default 

Coal 
Powerbase 

Default 
Powerbase 

Default 
Powerbase 

Default 
Powerbase 

Default 

Uranium 1.08 $/MMBTU 1.23 $/MMBTU 1.21 $/MMBTU 1.21 $/MMBTU 

Fuel 
Escalation 

Oil 2.50% 2.50% 1.74% 2.91% 

Coal 2.50% 2.50% 1.74% 2.91% 

Uranium 2.50% 2.50% 1.74% 2.91% 

Other 
Variables 

Inflation 2.50% 2.50% 1.74% 2.91% 

Retirements 

Known + 
Historical 

Retirement Trend 
~16,000 MW 

Known + EPA 
Driven Forecast 
MISO ~12,600 

MW 

Known 
Retirements 
MISO ~400 

MW 

Known 
Retirements 

MISO ~400 MW 

Renewable Levels State Mandates State Mandates 
State 

Mandates 
State Mandates 

MISO Footprint 
Duke and FE in 
PJM; includes 
MISO South 

Duke and FE in 
PJM; includes 
MISO South 

MTEP11 MTEP11 

Table 3-1: MTEP17, MTEP14 and MTEP11 Key PROMOD Model Assumptions 

 

Models include all publically announced retirements as well as baseline generation retirements driven by 

economics. 

MISO footprint changes since the MTEP11 analysis are modeled verbatim to current configurations, i.e. 

Duke Ohio/Kentucky and First Energy are modeled as part of PJM and the MISO pool includes the MISO 

South Region. While the MISO pool includes the South Region, only the MISO North and Central Region 

benefits are being included in the MTEP17 MVP Triennial Reviewôs business case. 

MTEP16 powerflow models for the year 2026 are used as the base transmission topology for the MVP 

Triennial Review. Because there are no significant transmission topology changes known between years 

2026 and 2031, the 2031 production cost models use the same transmission topology as 2026. 

PROMOD uses an ñevent fileò to provide pre- and post-contingent ratings for monitored transmission 

lines. The latest MISO Book of Flowgates and the NERC Book of Flowgates are used to create the event 

file of transmission constraints in the hourly security constrained model. Ratings and configurations are 

updated for out-year models by taking into account all approved MTEP Appendix A projects for the model 

series. 

                                                      
4
 MTEP11 and MTEP13 use different natural gas escalation methodologies; all numbers from previous reviews inflated by 2.5% for 

comparability with MTEP17 model years 
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3.2 Capacity Expansion Models 

The MTEP17 Triennial Review decreased transmission line losses benefit (Section 6.4) is monetized 

using the Electricity Generation Expansion Analysis System (EGEAS) model. EGEAS is designed by the 

Electric Power Research Institute to find the least-cost integrated resource supply plan given a demand 

level. EGEAS expansions include traditional supply-side resources, demand response and storage 

resources. The EGEAS model is used annually in MISOôs MTEP process to identify future capacity needs 

beyond the typical five-year project-planning horizon. 

The EGEAS optimization process is based on a dynamic programming method where all possible 

resource addition combinations that meet user-specified constraints are enumerated and evaluated. The 

EGEAS objective function minimizes the present value of revenue requirements. The revenue 

requirements include both carrying charges for capital investment and system operating costs. 

MTEP17 Triennial MVP Review analysis was performed using the MTEP17 Policy Regulation future, 

developed in 2016. The capacity model shares the same input database and assumptions as the 

economic models (Section 3.1). 

3.3 Reliability Models 

To maintain consistency between economic and reliability models, MTEP16-vintage MISO powerflow 

models are used as the basis for the MTEP17 MVP Triennial Review reliability analysis. The MTEP17 

economic models are developed with topology based on the MTEP16 MISO powerflow models. Siemens 

PTI Power System Simulator for Engineering (PSS/E) and Transmission Adequacy & Reliability 

Assessment (TARA) are utilized for the MTEP17 MVP Triennial Review analysis. 

Powerflow models are built using MISOôs Model on Demand (MOD) model data repository. Models 

include approved MTEP Appendix A projects (through MTEP16) and the Eastern Interconnection 

Reliability Assessment Group (ERAG) Multiregional Modeling Working Group (MMWG) modeling for the 

external system. Load and generation profiles are seasonal dependent (Table 3-2). MTEP powerflow 

models have wind dispatched at 90 percent connected capacity in Shoulder models and at capacity credit 

level (approximately 15.6 percent) in the Summer Peak. 

A 10-year Shoulder model was not required as a part of the MTEP16 reliability study. To create this 

sensitivity case, loads were proportionally scaled on the MTEP16 10-year Summer Peak model by 

comparing the existing MTEP16 five-year Summer Peak and Shoulder Peak load levels. Additional wind 

units were also added to the MTEP16 MVP Triennial Review cases to meet renewable portfolio 

standards. 

Demand is grown in the Future Transmission Investment case using the extrapolated growth rate 

between the year 2021 MTEP16 Summer Peak case and the 2026 MTEP16 Summer Peak Case. 

Analysis Model(s) 

Wind Curtailment 2026 MTEP16 Shoulder (90% Wind) 

Wind Enabled 2026 MTEP16 Shoulder with Wind at 2031 Levels 

Transmission Line Losses 2026 MTEP16 Summer Peak (15.6% Wind) 

Future Transmission Investment 2026 MTEP16 Summer Peak with Demand and Wind at 2036 Levels 

Table 3-2: Reliability Models by Analysis 
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3.4 Capacity Import Limit Models 

The MTEP16 series of MISO powerflow models are used as the basis for the MTEP17 MVP Triennial 

Review capacity import limit analysis. Zonal Local Clearing Requirements are calculated using the 

capacity import limits identified through transfer analysis. The MTEP17 MVP Triennial Review 

incorporates capacity import limits calculated using a year 2026 model both with and without the MVP 

Portfolio. Single-element contingencies in MISO and seam areas are evaluated with subsystem files from 

MTEP16 reliability studies. The monitored file includes all facilities under MISO functional control and 

seam facilities 100 kV and above. 

Additional details on the models used in the Planning Reserve Margin benefit estimation can be found in 

the 2017 Loss of Load Expectation Report. 

3.5 Loss of Load Expectation Models 

For the 2017 Planning Year, MISO utilized the General Electric-developed Multi-Area Reliability 

Simulation (MARS) program to calculate the Loss of Load Expectation. GE MARS uses a sequential 

Monte Carlo simulation to model a generation system and assess the systemôs reliability based on any 

number of interconnected areas. GE MARS calculates the annual LOLE for the MISO system and each 

Local Resource Zone (LRZ) by stepping through the year chronologically and taking into account 

generation, load, load modifying and energy efficiency resources, equipment forced outages, planned and 

maintenance outages, load forecast uncertainty and external support. 

Going forward, MISO will no longer use GE MARS for LOLE studies. Instead, Astrape Consultingôs 

Strategic Energy & Risk Valuation Model (SERVM) will be used to calculate the Loss of Load Expectation 

for the applicable Planning Year. The 2017 Planning Year LOLE models, updated to include generation 

retirements, were the basis for the MTEP17 MVP Triennial Review models. Additional model details can 

be found in the 2017 Loss of Load Expectation Report. 

  

https://www.misoenergy.org/Library/Repository/Study/LOLE/2017%20LOLE%20Study%20Report.pdf
https://www.misoenergy.org/Library/Repository/Study/LOLE/2017%20LOLE%20Study%20Report.pdf
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4. Project Costs and In-Service Dates 
The MTEP17 MVP Triennial Review cost and in-service data was updated in August 2017 through 

coordination with Transmission Owners (Figure 4-1). All cost and schedule updates are maintained in the 

MTEP project database, with reports provided regularly for stakeholders. Additional details on cost and 

schedule variation are available with the full MVP Dashboard posted on the MISO public website. 

 

Figure 4-1: MVP Cost and In-Service Dates August 2017
5
 

 

For MTEP17, all benefit calculations start in year 2023, the first year when all projects are in service. For 

MTEP11, year 2021 was the first year when the MVP Portfolio was expected in service. 

                                                      
5
 Costs provided in nominal dollars unless otherwise specified; see facility level costs details in the MVP Triennial Review detailed 

business case. 

MVP No.  Project Name State
Estimated In 

Service Date

State 

Regulatory 

Status 

Construction
Estimated Cost 

($M)

1 Big Stone - Brookings SD 2017 ᴞ Underway $141

2 Brookings, SD - SE Twin Cities MN/SD 2013-2015 ᴞ Complete $670

3

Lakefield Jct - Winnebago - Winco - Burt area 

& Sheldon - Burt Area - Webster MN/IA 2015-2018
ᴞ

Underway
$651

4

Winco - Lime Creek - Emery - Black Hawk- 

Hazleton IA 2015-2019 ᴞ Underway
$564

N. LaCrosse - N. Madison - Cardinal (a/k/a 

Badger - Coulee Project) WI 2018
ᴞ

Underway

Cardinal - Hickory Creek WI/IA 2023 ᴚ Pending 

6 Big Stone South - Ellendale ND/SD 2019 ᴞ Underway $320

7 Ottumwa - Zachary IA/MO 2018-2019 ᴟ Pending $226

8 Zachary - Maywood MO 2016-2019 ᴟ Pending $172

9

Maywood - Herleman - Meredosia - Ipava & 

Meredosia - Austin MO/IL 2016-2017 ᴞ Underway
$723

10 Austin - Pana IL 2016-2017 ᴞ Underway $135

11 Pana - Faraday - Kansas - Sugar Creek IL/IN 2015-2019 ᴞ Underway $423

12 Reynolds - Burr Oak - Hiple IN 2018 ᴞ Underway $388

13 Michigan Thumb Loop Expansion MI 2012-2015 ᴞ Complete $504

14 Reynolds - Greentown IN 2013-2018 ᴞ Underway $388

15 Pleasant Prairie - Zion Energy Center WI 2013 ᴞ Complete $36

16 Fargo- Sandburg - Oak Grove IL 2016-2018 ᴞ Pending $204

17 Sidney - Rising IL 2016 ᴞ Complete $88

Total $6,651

ᴚ
ᴟ
ᴞRegulatory process complete or no regulatory process Requirements 

State Regulatory Status Indicator Scale

Pending

In regulatory process or partially complete

5 $1,016

https://www.misoenergy.org/Planning/TransmissionExpansionPlanning/Pages/MTEPStudies.aspx
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The costs contained within the MTEP database are in nominal, as-spent, dollars unless otherwise 

specified. Consistent with previous analyses, and to simplify the benefit-to-cost ratio calculations, all MVP 

facilities are assumed to go into service in the portfolio in-service year, so nominal costs are escalated 

using a 2.5 percent inflation rate from the facility in-service date up to the year 2023. 

A load ratio share was developed to allocate the benefit-to-cost ratios in each of the seven MISO 

North/Central local resource zones (LRZ). Load ratios are based off the actual 2016 energy withdrawals 

with the Policy Regulation (PR) future MTEP growth rate applied. 

MTEP17 MVP Triennial Review benefit-to-cost calculations only include direct benefits to MISO North and 

Central members. MISO South Region benefits are excluded from all estimations. Export Revenue share, 

including PJM exports
6
, are factored into the calculation at an estimate rate of 1.31 percent. 

Total costs are annualized using the MISO North/Central-wide average Transmission Owner annual 

charge rate/revenue requirement. Consistent with the MTEP11 analysis and other Market Efficiency 

Projects, the MTEP17 MVP Triennial Review assumes that costs start in 2023, such as year one of the 

annual charge rate is 2023 and construction work in progress (CWIP) is excluded from the total costs.  

                                                      
6
 FERC's July 13, 2016 Order in ER10-1791 directed MISO to charge the MVP rate on exports to PJM 



2017 MVP TRIENNIAL REVIEW REPORT 

21 
 

5. Portfolio Public Policy Assessment 
The MTEP17 MVP Triennial Review 

redemonstrates the MVP Portfolioôs ability to 

enable the renewable energy mandates of the 

footprint. Renewable Portfolio Standards 

assumptions
7
 have only had minor changes since 

the MTEP11 analysis and any changes in 

capacity requirements are solely attributed to 

load forecast changes and the actual installation 

of wind turbines. 

This analysis took place in two parts. The first part demonstrated the wind needed to meet renewable 

energy mandates would be curtailed but for the approved MVP Portfolio. The second demonstrated the 

additional renewable energy, above the mandate, that will be enabled by the portfolio. This energy could 

be used to serve mandated renewable energy needs beyond 2031, as most of the mandates are indexed 

to grow with load. 

5.1 Wind Curtailment 

A wind curtailment analysis was performed to find the percentage of mandated renewable energy that 

could not be enabled but for the MVP Portfolio. A list of 277 monitored element/contingent element pairs 

(flowgates) that are resolved by MVP portfolio was prepared as the basis for calculating wind curtailment. 

These flowgates and a study case representing year 2026 shoulder scenario without MVPs modeled in it 

were fed into a security constrained re-dispatch routine. This re-dispatch algorithm then fetched the 

amount by which committed wind units and the RGOS energy zones need to be curtailed so as to relieve 

the overloaded flowgates. 

Results of the re-dispatch algorithm found that 11,295 MW of year 2026 dispatched wind would be 

curtailed. As a connected capacity, 12,550 MW would be curtailed since wind is modeled at 90 percent of 

its nameplate in the shoulder case. The MTEP17 results are similar in magnitude to both MTEP14 and 

MTEP11, which found that 11,697 MW and 12,201 MW of connected wind would be curtailed, 

respectively. 

The curtailed energy was calculated to be 37.6 million MWh from the connected capacity multiplied by the 

capacity factor times 8,760 hours per year. A MISO-wide per-unit capacity factor was averaged from the 

2031 incremental wind zone capacities to 34.2 percent. Comparatively, the full 2031 RPS energy is 62.1 

million MWh. As a percentage of the 2031 full RPS energy, 60.5 percent would be curtailed in lieu of the 

MVP Portfolio. MTEP14 and MTEP11 analysis both showed a similar percentage of full RPS energy 

would be curtailed without the installation of the MVP portfolio: 56.4 percent and 63 percent, respectively. 

The minor differences between studies can be attributed to new transmission upgrades represented in 

the system models and the changes in actual physical locations of installed wind turbines. 

5.2 Wind Enabled 

Additional analyses were performed to determine the incremental wind energy in excess of the RPS 

requirements enabled by the approved MVP Portfolio. This energy could be used to meet renewable 

energy mandates beyond 2031, as most of the state mandates are indexed to grow with load. An Optimal 

                                                      
7
 Assumptions include Renewable Portflio Standard levels and fulfillment methods 

The MVP portfolio enables a total of 

52.8 million MWh of renewable 

energy to meet the renewable 

energy mandates and goals through 

2031. 
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Transfer Capability analyses were run on the Shoulder case model to determine how much the wind in 

each zone could be ramped up prior to additional reliability constraints occurring. 

Transfers were sourced from the wind zones. All Bulk Electric System (BES) elements in the MISO 

system were monitored, with constraints being flagged at 100 percent of the applicable ratings. All single 

contingencies in the MISO footprint were evaluated during the transfer analysis. This transfer was sunk 

against MISO, PJM and SPP units (Table 5-1). More specifically, the power was sunk to the smallest 

units in each region, with the assumption that these small units would be the most expensive system 

generation. 

Region Sink 

MISO 33 percent 

PJM 44 percent 

SPP 23 percent 

Table 5-1: Transfer Sink Distribution 

 

MTEP17 analysis determined that 5,123 MW of additional generation could be sourced from the 

incremental energy zones to serve future renewable energy mandates (Table 5-2). For their respective 

model years, MTEP14 and MTEP11 analysis determined that 4,335 MW and 2,230 MW of additional 

generation could be sourced from the incremental energy zones. 

 

Wind Zone Incremental Wind Enabled 

IN-K  672 

MI-B  989 

MI-E  1,001 

MI-F  727 

MI-I  853 

MO-C  31 

WI-B  399 

WI-D 451 

Table 5-2: Incremental Wind Enabled Above 2031 Mandated Level, by Zone 

 

Incremental wind-enabled numbers were calculated using a single optimal transfer pass technique, which 

implements a linear programming solver to come up with the maximum MW transfer that can be made 

without causing additional violations. When the results from the curtailment analyses and the wind-

enabled analyses are combined, MTEP17 results show the MVP Portfolio enables a total of 52.8 million 

MWh of renewable energy to meet the renewable energy mandates through 2031. System wide, the 

MTEP17 wind enablement amount is substantively similar to 2014 and 2011 analyses ð 43 million MWh 

and 41 million MWh, respectively. For individual zones however, this value can be heavily dependent on 

the details of the models ð individual unit dispatches, load levels, area interchanges, topology changes, 

etc. In each case, market trade-offs (seen in the dispatch or unit commitment) have a big impact on what 

units can run. Because of these sensitivities the Wind Enablement optimization calculation is done only 

for the system as a whole, without looking to individual regions. 
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6. Portfolio Economic Analysis 
MTEP17 estimates show the Multi-Value Portfolio 

creates $12 to $52.6 billion in net benefits to MISO 

North and Central Region members, an increase of 21 

to 36 percent from MTEP11 (Figure 6-1). Differences 

between reviews are primarily driven by natural gas 

prices and retirements impacting congestion and fuel 

savings. Total portfolio costs have also increased from 

$5.56 billion in MTEP11 to $6.65 billion in MTEP17, 

decreasing the net benefits. Even with the increased portfolio cost estimates, the increased MTEP17 

benefit estimation results in portfolio benefit-to-cost ratios that have increased from 1.8 to 3.0 in MTEP11 

to 2.2 to 3.4 in MTEP17. 

 

 

Figure 6-1: MVP Portfolio Economic Benefits from MTEP17 MVP Triennial Review 

 

The MVP Portfolio provides benefits across the MISO footprint in a manner that is roughly equivalent to 

cost allocated to each North and Central Region local resource zones (Figure 6-2). MTEP17 MVP 

Triennial Review results continue to indicate benefit-to-cost ratios in excess of 1.5 to 2.6 for each zone. 

Zonal benefit distributions have changed since the MTEP11and MTEP14 business cases as a result of 

changing tariffs/business practices (planning reserve margin requirement and baseline reliability project 

cost allocation), load growth, generation retirements and wind siting. As state demand and energy 

The MTEP17 Triennial MVP 

Review estimates the MVP 

benefit-to-cost ratio has 

increased from 1.8 ï 3.0 in 

MTEP11 to 2.2 ï 3.4 in MTEP17. 
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forecasts change and additional clarity is gained into the location of actual wind turbine installation, so 

does the siting of forecast wind. 

 

Figure 6-2: MVP Portfolio Production Cost Benefit Spread
8
 

 

MVP Portfolio benefits in MTEP17 include a carbon cost component embedded with the future 

assumptions applied to the congestion and fuel savings analysis. This assumption is not included in the 

futures of MTEP11 and MTEP14, but sensitivity analysis shows only a marginal impact on the zonally 

distributed benefit-to-cost ratios in MTEP17 (Figure 6-3). 

                                                      
8
 Low ï High B/C ratios are based on the 20 and 40 NPV with 3 percent and 8.2 percent discount rates applied. Values are 

represented graphically as the median of the B/C range. 
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Figure 6-3: MTEP17 MVP Portfolio Production Cost Benefit with and without Carbon Cost 
Component 

 

6.1 Congestion and Fuel Savings 

The MVP Portfolio allows for a more efficient dispatch of 

generation resources, opening markets to competition and 

spreading the benefits of low-cost generation throughout 

the MISO footprint. These benefits were outlined through 

a series of production cost analyses, which capture the 

economic benefits of the MVP transmission and the wind it 

enables. These benefits reflect the savings achieved 

through the reduction of transmission congestion costs 

and through more efficient use of generation resources. 

Congestion and fuel savings is the most significant portion 

of the MVP benefits (Figure 6-1). The MTEP17 Triennial MVP Review estimates that the MVP Portfolio 

will yield $20 to $71 billion in 20- to 40-year present value adjusted production cost benefits, depending 

on the timeframe and discount rate assumptions. This value is up 32 percent to 60 percent from the 

original MTEP11 valuation and 5 percent to 11 percent from MTEP14 (Table 6-2). 

Changes due to projected 

unit retirements, carbon cost 

modeling, wind enablement 

and topology changes have 

increased the Congestion-

Fuel savings in MTEP17. 




















































