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Summary
MISO’s generation fleet continues to evolve, and MISO is studying the impacts of increasing 
levels of renewable resources on the system. MISO also continues to follow federal and 
state policy as well as monitor industry trends. Additionally, interregional planning is critical 
to maximize the overall value of the transmission system and deliver savings for customers. 
Interregional studies conducted jointly with MISO’s neighboring planning regions are based 
on an annual review of transmission issues at the seams. Depending on the outcome of those 
reviews, studies are scoped out and performed.

BOOK HIGHLIGHTS

 •   MISO and the Ontario-based Independent Electricity 
System Operator (IESO) have mutually agreed to 
updates of joint Transmission Planning Studies 
Instruction to guide future collaborative planning efforts

 •   MISO began a Renewable Integration Impact 
Assessment (RIIA) to methodically find system 
integration inflection points driven by increasing levels 
of renewable generation with focus areas of resource 
adequacy, energy adequacy and operating reliability

 •   Initial RIIA results indicate that as renewable 
penetration increases, risk of losing load compresses 
into a small number of hours and shifts to later in the 
day. As a result, the available energy from a combination 
of wind and solar decreases during the new high-risk 
window.

 •   The MTEP18 MVP limited review demonstrates that 
MVPs provide benefits in excess of costs, with a total 
benefit-to-cost ratio ranging from 2.0 to 3.1, and creates 
$8.9 to $40.6 billion in net benefits over the next 20 to 
40 years. This is the fifth such review that reaffirms the 
business case established in 2011.

 

 •   MISO and PJM are making interregional process 
enhancement changes to the Joint Operating 
Agreement in a continuation of efforts to remove undue 
hurdles to interregional projects

 •   MISO and PJM are performing a two-part Coordinated 
System Plan Study for 2018-2019 consisting of a 2018 
TMEP Study and a 2018-2019 IMEP Study

 •   MISO is proposing process improvements with SPP in 
the form of Joint Operating Agreement changes that 
include removing the interregional project criteria of 
$5 million, eliminating the joint model requirement and 
adding additional benefit metrics for all interregional 
project drivers. These changes should improve the 
interregional process with SPP and allow for more 
successful outcomes. 
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7.0 Policy Landscape Overview 
MISO’s generation fleet continues to experience significant changes due to a combination of regulatory, 
political and economic factors resulting in an evolving resource mix that is moving from a historical 
reliance on coal-fired generation to an increased reliance on natural gas and renewable generation. 

The possibility of federal carbon regulation has decreased notably since the 2017 Executive Order 
dismantling the Clean Power Plan. However, the abundance of low-cost natural gas, combined with 
decreasing capital costs and tax credits for renewable resources and legacy environmental regulations 
targeting emissions from coal-fired power plants, has put additional pressure on the traditional generation 
fleet as it ages. While coal-fired generation supplied 75 percent of MISO’s electricity production as 
recently as 2011, that figure has fallen to less than 50 percent today. MISO estimates that age-related 
coal unit retirements within the MISO region could result in the retirement of about 17 percent of the 
MISO coal fleet over the next 15 years. Although discussions at the federal level about resilience raise 
the question of whether there could be future policy that may extend the life of some baseload generation 
units, no new federal policies have been enacted to date. 

As coal generation retires and natural gas prices remain low, the percentage of MISO’s energy supplied 
by natural gas generation will increase. While natural gas-fired generation supplied 6 percent of MISO’s 
energy in 2011, that figure has increased to more than 20 percent today as a result of both fleet changes 
and the addition of the MISO South region. As MISO’s reliance on natural gas units increases, MISO is 
focusing on gas-electric coordination to increase MISO’s understanding of energy industry trends and the 
relationships between gas market drivers and bulk electric system dispatch. 

MISO continues to see wind and solar resource additions trending above what is required to meet state 
renewable policies, in the form of Renewable Portfolio Standards or goals. Utility-scale wind and solar 
resources represent more than 85 percent of the more than 90,000 MW of requests currently1 in MISO’s 
generator interconnection queue (more than 42 GW of wind and more than 36 GW of solar). To get a 
sense of scale, consider that the total installed generation capacity in MISO today is 175,000 MW. 
Looking ahead, industry analysis predicts further reductions in capital costs for renewable resources, 
which would further drive the amount of wind and solar additions. Although the current Production Tax 
Credit and Investment Tax Credit for renewables are set to begin a phasedown in upcoming years, many 
utilities in MISO are developing long-term resource plans, which include increased levels of renewable 
energy. 

Energy efficiency initiatives and demand-side programs that compensate customers for reducing their 
electricity use are growing in popularity, as are distributed-energy systems like rooftop-mounted solar 
panels that, in some cases, allow homeowners to generate their own energy and sell, or receive credits 
for, excess power delivered back to the grid. Additionally, new technologies impacting energy usage are 
emerging and are expected to become competitive or have increased levels of adoption, including energy 
storage and electric vehicles. MISO continues to monitor electric vehicle incentives, adoption and 
charging infrastructure. States around the country have begun to enact policies related to energy storage; 
however, this has not yet occurred in the MISO region. MISO is also studying trends of increasing 
distributed solar resources for future system impacts. 

MISO will continue to follow federal and state policy as well as monitor fuel prices, plant retirements and 
announced member plans for any changing industry trends. The ability not only to meet peak demand, 
                                                      
1 As of July 2018 
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but to move bulk power from resource areas to load centers across the footprint in all hours of the day will 
be needed to maintain system reliability and improve efficiency with this new resource fleet. Regional 
planning solutions will play an essential role in optimizing the natural and geographic diversity of these 
resources.  
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7.1 Renewable Integration Impact 
Assessment 

Driven by economics, environmental regulations, technological innovation and aging infrastructure, the 
types of generating resources in the MISO region are changing in a profound way. Many of the legacy 
power plants that generated the bulk of the region’s electricity for decades have retired in recent years, 
and have been replaced by natural gas-fired resources and renewable energy facilities such as wind and 
solar farms. Energy efficiency initiatives, demand-side programs, energy storage, and distributed energy 
systems are also growing in popularity. These changes represent a shift away from long-standing power 
system design and operational practices, and call for a detailed exploration of assumptions regarding the 
way the electrical grid will work in the future.  

Renewable energy, namely wind and solar resources, is currently the fastest growing and most prominent 
class of resource in MISO. Under current practices, MISO uses these resources mostly for their energy 
production attributes. As they continue to replace existing assets, they will be expected to increase their 
contribution to grid reliability. Reliability is a fundamental component of the power industry. Additional 
analysis is needed to understand requisite resource performance on a regional scale as renewable 
penetrations reach new levels.  

Given the current structure (physical infrastructure, operational practices, regulations, etc.) of the electric 
system in MISO and beyond, there may be limitations on the maximum penetration of renewable energy. 
The complexity of overcoming these limitations is dependent on the types and distribution of renewable 
resources, the current operational characteristics and locations of existing assets, and the actions of 
neighboring regions. Because the 
exact points of these limitations are 
not yet known, a framework is 
needed to examine renewable 
integration over a wide range of 
penetration levels, starting with the 
current system and examining 
penetration levels up to very high 
percentages of annual energy.  

The primary purpose of the Renewable Integration Impact Assessment (RIIA) is to methodically find 
system integration inflection points driven by increasing levels of renewable generation. Industry studies 
have shown that the complexity of integrating renewables escalates non-linearly with increasing 
penetrations of renewables. Over certain ranges of renewable penetration, complexity is constant when 
there is adequate transmission and generation capacity, but at specific penetration levels when this 
capacity is depleted, complexity rises dramatically. These are system inflection points, where the 
underlying infrastructure and/or system operations need to be modified to reliably achieve the next 
tranche of renewable deployment. This assessment aims to find those inflection points, and examine 
potential solutions to mitigate them.  

RIIA comprises three main focus areas: resource adequacy, energy adequacy and operating reliability. 
These three focus areas include three separate models that use mostly common assumptions.  

 

Because the exact points of these limitations 
are not yet known, a framework is needed to 
examine renewable integration over a wide 

range of penetration levels 
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Resource Adequacy Focus Area 

A key component of MISO’s transmission planning process is the resource adequacy analysis, as 
required by the North Electric Reliability Council (NERC). Standard BAL-502-RFC-02 requires planning 
coordinators to perform and document a resource adequacy study every year. The metric used to 
calculate the planning reserve margin (PRM) is the “one day in 10 years” metric, also known as the loss 
of load expectation (LOLE). The LOLE takes into account the forced and unforced outages and provides 
a probabilistic assessment of a given system. 

The integration of higher levels of renewable resources into the MISO market has driven the need to 
quantify the effect of wind resources on the LOLE target. MISO has adopted the effective load carrying 
capability (ELCC), which uses an LOLE-type study, to quantify the capacity value of wind in the MISO 
system considering all hours of the year. For this analysis, the ELCC was measured for: each 10 percent 
renewable penetration level; each renewable technology being studied: wind, utility-scale photovoltaic 
(UPV) and distributed solar photovoltaic (DPV); the isolated collective solar technologies and the 
combination of all renewable technologies; and for each of the six different profile years studied (2007-
2012). Figure 7.1-1 illustrates the effects of high levels of renewables on the average net load shape in 
MISO. Understanding the net load shape is helpful in interpreting the resultant ELCC values. 

 
Figure 7.1-1: Effects of high levels of renewables on the average net load shape in MISO 

 

Using this information, MISO observed these key takeaways for the resource adequacy focus area: 

1. As renewable penetration increases, risk of losing load compresses into a small number of 
hours and shifts to later in the day. 

2. As a result of the shift in risk of losing load, the available energy from a combination of wind 
and solar during high risk hours decreases. 

 

With this change in load shape, the ELCC values for wind and solar are shown to decrease as 
penetration increases (Figure 7.1-2). Note that these curves are specific to the assumed capacity mix and 
the siting of new renewable units. 
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Figure 7.1-2: Effective Load Carrying Capability percentage for renewable penetration  

 

Energy Adequacy Focus Area 

Energy adequacy is defined as the ability of the system to operate continuously. The main goal of the 
energy adequacy focus area is to examine how the hour-by-hour system operating conditions could be 
affected by high levels of renewables. These conditions are determined by using an hourly production 
cost model to look at generation mix, operating reserves, system ramps, curtailment and congestion. 

The study, thus far, assessed generation and capacity in the MISO region at four renewable penetration 
levels (Figure 7.1-3). 

 

 

Figure 7.1-3: Renewable penetration impacts generation and capacity in the MISO region 
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As renewable penetration levels increase, this assessment assumes conventional generation would retire 
at a rate that keeps the planning reserve margin constant. Because of the declining ELCC calculated for 
wind and solar, this leads to an increase in installed capacity in MISO. However, conventional generation 
remaining online still sees a decrease in average capacity factor as energy from renewable sources is 
dispatched. Not all renewable energy is dispatched – curtailment increases across each milestone as 
well. If the curtailment of renewables is high enough that the milestone percentage renewable penetration 
is not met, RIIA looks at ways to mitigate the curtailment as part of a solution development process. 

Ramping behavior is another key metric examined as part of the energy adequacy focus area. The two 
graphs represent gas and coal unit behavior on days with the highest amount of renewable generation 
(Figure 7.1-4). 

 

Figure 7.1-4: Ramping behavior of gas and coal units 
 

As penetration levels increase, both gas and coal units see two significant ramps at the beginning and 
end of the day. Fuel price assumptions have coal and gas similarly priced in the model, leading to their 
similar behavior. The two ramps occur due the same behavior that reshaped the net load curve discussed 
in the resource adequacy focus area — the patterns of renewable resources and the gross load pattern. 

Operating Reliability Focus Area 

The RIIA operating reliability focus area investigates the steady-state thermal and voltage performance of 
the MISO Bulk Electric System (BES). This focus area looks at the impact of high levels of renewable 
penetration on voltage stability, transient stability and MISO’s frequency response obligations. Study 
models are developed based on generation dispatch and loading level obtained from energy adequacy 
yearly production cost simulations. 

Based on a combination of loading level and renewable penetration, three sets of stressful system 
conditions are selected for consideration in the AC contingency analysis: high renewable, high load and 
light load (Figure 7.1-5). The hour within each set with the highest renewable energy penetration is 
selected for further study.  
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Figure 7.1-5: MISO renewable generation and load under 30 percent  
renewable energy penetration 

 

By doing contingency analysis for selected NERC prescribed P0, P1, P2 events, MISO identified steady-
state thermal and voltage issues (Figure 7.1-6). 

 
    (a) Thermal Loading     (b) Voltage 

Figure 7.1-6: Identified system thermal overload and voltage violations under 20 percent 
renewable penetration 
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For identified system thermal overload and voltage violations, RIIA focuses on high-likelihood events that 
tend to cause severe reliability violations on the MISO system. The goal is to use a quick-fix approach to 
clear reliability issues observed, which reflects the traditional practice in industry to mitigate violations, 
rather than trying to find the optimal solutions. Integration complexity is reflected and approximated by the 
amount of transmission fixes needed to address identified issues. Figure 7.1-7 indicates that, although 
the complexity could be significant in certain areas like MISO West, it is generally relatively mild across 
the overall MISO study footprint under 20 percent renewable penetration. 

 
Figure 7.1-7: Integration complexity under 20 percent renewable penetration 

 
The impact of renewable penetration on frequency response is being studied by evaluating MISO’s 
performance per NERC BAL-00 during a 60-second dynamic model simulation. Through previous model 
validation efforts, MISO has observed that Eastern Interconnect-wide dynamic models are highly 
optimistic and do not capture system response realistically. MISO incorporates model updates such as 
modeling asymmetrical dead-bands in existing governor models with generic values, removal of governor 
models for any unit which remains non-response to frequency events, and withdrawal of frequency 
support by certain units to form a more realistic model. The base dynamic models are validated against 
actual system disturbances and response by utilizing Phasor Measurement Unit data (PMU). 
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Next Steps 

RIIA will continue to explore renewable energy growth in MISO and its effects on resource adequacy, 
energy adequacy, and operating reliability.  

Due to the nature of the modeling, the resource adequacy focus area is fully complete in Phase 1 of RIIA 
(Figure 7.1-8). Phase 1 also looks at the 10 to 30 percent penetration levels and Phase 2 looks at the 40-
50 percent penetration levels. Phase 3, likely to begin near at the beginning of 2019, will either continue 
along the renewable penetration arc, or run sensitivities to the 10 to 50 percent levels. 

 

 

Figure 7.1-8: Percent penetration levels  
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7.2 MTEP18 MVP Limited Review 
The MTEP18 Multi-Value Project (MVP) Limited Review provides an updated view into the projected 
congestion and fuel savings of the MVP Portfolio. Consistent with the previous MVP reviews, the 
MTEP18 MVP Limited Review’s business case is on par with the review of the original business case in 
MTEP11, providing evidence that the MVP criteria and methodology works as expected.  

The MTEP18 results2 demonstrate that the MVP Portfolio: 

• Provides benefits in excess of its costs, with its total benefit-to-cost ratio ranging from 2.0 to 3.1; 
consistent with the 2.2 to 3.4 range calculated in MTEP17 

• Creates $8.9 to $40.6 billion in net benefits (using MTEP17 benefits for all categories besides 
congestion and fuel savings) over the next 20 to 40 years 
 

Benefit estimates are slightly lower compared to the MTEP17 Triennial Review due to lower fuel price 
assumptions and the removal of carbon cost adders from MTEP future scenario assumptions.  

The fundamental goal of MISO’s 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 third limited MVP Portfolio review, per tariff requirement, for MTEP18. The MVP 
Review has no impact on the existing MVP 
Portfolio’s cost allocation. MTEP18 Review 
analysis 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.  

Consistent with previous MVP Reviews, the 
MTEP18 MVP Limited Review uses the most 
currently available stakeholder vetted 
models, and assesses the benefits of the 
entire MVP Portfolio without differentiating between facilities currently in service and those still being 
planned. Because the MVP Portfolio’s costs are allocated solely to the MISO North and Central regions, 
only MISO North and Central Region benefits are included in the MTEP18 MVP Limited Review. 

 

                                                      
2 The detailed MTEP18 MVP Limited Review Business Case spreadsheet is posted under the Multi-Value Project Portfolio Analysis 
section of the MISO public website. 

The MTEP18 results demonstrate that 
the MVP Portfolio provides benefits in 
excess of costs, with a total benefit-to-
cost ratio ranging from 2.0 to 3.1, and 

creates $8.9 to $40.6 billion in net 
benefits over the next 20 to 40 years 
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Economic Benefits 
MTEP18 analysis shows the MVP Portfolio creates $17.8 to $60 billion in total benefits3 to the MISO 
North and Central regions (Figure 7.2-1). The decrease in benefits is due to a lower assumed fuel price 
forecast in MTEP18 compared to MTEP17, and the removal of a carbon cost adders from the MTEP18 
future assumptions.  

 
Figure 7.2-1: MVP portfolio economic benefits from MTEP18 MVP Limited Review  

with values from MTEP17 MVP Triennial Review 

 

The MVP Portfolio continues to show economic benefits well in excess of costs. Total portfolio cost 
estimates have decreased slightly from $6.65 billion in MTEP17 to $6.58 billion in MTEP18, and annual 
charge rate assumptions have been reduced as a result of recent changes to the corporate tax rate. 
When the updated benefit projections are coupled with lower 20 and 40 year cost estimates, the results 
are MVP Portfolio benefit-to-cost ratios that are on par with the original business case studied in 
MTEP11. 

                                                      
3 Benefits 2 through 6 are from the MTEP17 MVP Triennial Review. The next MVP Triennial Review is scheduled for MTEP20. 
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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 $15.6 to $56.4 
billion in 20- to 40-year present value adjusted 
production cost benefits to MISO’s North and 
Central regions.  

The reduction in estimated congestion and fuel 
savings benefits relative to MTEP17 is primarily due to a decrease in the out-year fuel price forecast 
(Figure 7.2-2). 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 Portfolio’s fuel savings benefit 
projection directly related to the natural gas price assumption. Natural gas price assumptions were on 
average 9.5 percent lower in MTEP18 compared to MTEP17 (Figure 7.2-3). 

 
Figure 7.2-2: Breakdown of congestion and fuel savings decrease from MTEP17 to MTEP18 

 

The MVP Review estimates that the 
MVP Portfolio will yield $15.6 to $56.4 
billion in 20- to 40-year present value 
adjusted production cost benefits to 
MISO’s North and Central regions 
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Figure 7.2-3: Henry Hub natural gas forecast difference between MTEP17 and MTEP18 

 
The MTEP17 MVP Triennial Review assumptions also included a carbon dioxide emission adder priced 
at $5.80/ton. With this adder, the wind enabled through the MVPs would offset more expensive 
generation, because certain units would have included an additional carbon cost. The MTEP18 futures 
did not include this assumption, leading to a relative benefit decrease of approximately 10 percent in this 
review.  

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 local resource zone (Figure 7.2-4). The MVP Portfolio’s benefits are at least 1.5 to 
2.6 times the cost allocated to each zone.  

 

Figure 7.2-4: MVP Portfolio total benefit distribution by MISO North and Central Resource Zones 
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Historical Data Review 
MTEP17 marked the first cycle in which any MVP Review included historical market data for trend 
analysis. In accordance with Attachment FF, the MTEP18 Limited Review will continue this analysis with 
another quantitative and qualitative look into how the in-service MVPs impact the following Tariff-defined 
metrics4. 

• Congestion Costs 
• Energy Prices 
• Fuel Costs 
• Newly Interconnected Resources 
• Share of Energy Supplied 

The prospective benefits quantified in the full MVP business case assume the entire MVP Portfolio is in-
service over 20- and 40-year time-frames. As of the second quarter of 2018, eight of the 17 MVPs have 
gone into service (Table 7.2-1). 

MVP # Project Name In-Service Date MTEP Project ID 
2 Brookings, SD - SE Twin Cities 345 kV 3/26/2015 1203 

9 Maywood-Herleman-Meredosia-Ipava & 
Meredosia-Austin 345 kV Line 12/20/2017 3017 

10 Pawnee to Pana - 345 kV Line 10/27/2017 3169 
13 Michigan Thumb Wind Zone 12/31/2015 3168 
14 Reynolds to Greentown 765 kV line 6/25/2018 2202 

15 Pleasant Prairie-Zion Energy Center 345 kV 
line 12/6/2013 2844 

16 Fargo-Sandburg-Oak Grove 345 kV Line 2/21/2018 3022 
17 Sidney to Rising 345 kV line 9/21/2016 2239 

Table 7.2-1: In-Service MVPs as of the second quarter 2018 

 

Where available, data regarding each benefit metric for the previous five years5 has been provided, along 
with contextual and qualitative discussion regarding the collection process, data sources and in-service 
MVP impact. Some correlations between targeted congestion areas and increasing renewable energy 
integration trends are observed, however, the small statistical sample size of in-service time does not 
provide any definitive conclusions. 

Congestion Costs and Energy Prices 
The 2018 MVP Review analysis of historical congestion costs and energy prices will focus solely on MVP 
17: Sidney-Rising, which went into service in September 2016. Historical data for MVPs 9, 13, and 15 
was analyzed in detail during the MTEP17 Triennial Review, and with less than a year of additional in-

                                                      
4 Planning Reserve Margin (PRM) is an additional metric in prior MVP Reviews that is no longer considered. A change in MISO’s 
PRM methodology removed the congestion component from the calculation so the MVPs will not have a quantifiable impact on 
historical PRM values. For a detailed discussion of this change, refer to section 6.3 of the MTEP17 MVP Triennial Review.   
5 Sample period encompasses January 1, 2012-July 31, 2018 
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service data, little to no substantive trend analysis can be performed. The remaining four MVPs are only 
recently energized and will be examined in the MTEP19 MVP Limited Review.  

To evaluate congestion costs, constraints were identified based on economic planning and operational 
experience. First, the number of binding hours per year was collected from the Hourly MISO Day-Ahead 
(DA) market database for each identified constraint during the sample period (January 1, 2012 – July 31, 
2018). These DA congestion hours were then matched with the congestion dollar amounts and 
congestion savings, quantified by constraint and year, for the project. Where congestion was present after 
the MVP in-service date, values are shown as negative. If no year is listed for a given constraint it means 
the binding constraint was not seen in the DA binding constraint database for that year. 

Energy Prices are most commonly measured by the Day-Ahead Locational Marginal Price (LMP), but 
because changes in DA LMPs are driven to a large extent by variations in fuel prices (particularly natural 
gas prices), this is not a reliable metric for evaluating the impact of the MVPs. Instead, the binding 
constraints identified in the congestion cost analysis were evaluated for impact on energy price. 

A binding constraint increases the prices at the raise-help nodes (where injecting power mitigates the 
flows creating congestion) by contributing to the Marginal Congestion Component (MCC). Each constraint 
and contingency was matched to the DA constraint and impacted Pnodes. DA shift factors for the 
significantly impacted (i.e. sensitivity of at least 5 percent) Pnodes were obtained along with Shadow 
Price of the constraints, and the energy price impact was calculated using the formula: 

Average Price Impact for Most Significant Raise Help nodes = Average {Shift Factor * Shadow 
Price} 
 

Finally, price impacts are compared before versus after the associated MVP in-service date. 

MVP 17: Sidney – Rising (In Service September 2016): 

The Sidney-Rising MVP, in conjunction with MVPs nine through 11, was designed to help alleviate 
historical West to East congestion through the state of Illinois. MVP 17 is primarily expected to help 
congestion in the region by creating better outlet for the Clinton generating station. Six constraints were 
identified for examination (Table 7.2-2).  
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Year Binding hours DA Congestion Dollars 
(1) 1998 NEWTON-ROBM 138 FLO NEWTON-CASEY W 
2012 1019 $19,482,797  
2013 2298 $31,454,914  
2014 Vortex 950 $18,440,904  
2014 Non-Vortex 1736 $33,082,255  
2015 2099 $21,841,973  
(2) 254546 BUNSONVILLE-EUGENE FLO CASEY-W BREED 
2012 495 $1,775,427  
2013 604 $2,038,907  
2014 Vortex 327 $2,794,154  
2014 Non-Vortex 599 $7,800,429  
2015 576 $3,314,339  
(3) 7RISING 348882 AMIL 4RISING 348883 AMIL 
2013 26 $182,129  
2014 Non-Vortex 2 $2,896  
2015 174 $655,766  
2016 26 $204,325  
(4) FG20032 Palmyra_345_161kV_XFMR 
2014 Non-Vortex 59 $2,050,623  
2016 -161 -$229,281 
(5) FG21278 Palmyra_345_161_KV_TR_BK_FLO_OTTUMWA_MONTEZUMA_345_KV 
2015 85 $552,215  
2016 -50 -$69,036 
(6) Rising 345/138kV Xfmr FLO Clinton - Brokaw 345kV  
2012 133 $5,692,642  
2014 Vortex 414 17962709 
2014 Non-Vortex 17 170721 
2015 1761 $25,921,587  
2016 10 $73,411  
Total 13199 $195,196,806.00 

Table 7.2-2: Congestion totals by constraint for MVP 17 for years 2012-2018 

 

Because natural gas prices have such a significant impact on the congestion and energy data, the polar 
vortex weather event6 of 2014 is separated from the yearly totals to avoid skewing aggregated results. 

                                                      
6 Polar vortex period is assumed to be January 2, 2014 to March 31, 2014 for this analysis 
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After removing the vortex period, an overall reduction in DA congestion costs is observed for the 
examined constraints, including no observed binding hours in years 2017 and 2018 (Table 7.2-3).   

Year 
Before In-Service Date After In-Service Date 

Number of Binding Hours DA Congestion Amount Number of Binding Hours DA Congestion Amount 

2012 1647 $26,950,866     
2013 2928 $33,675,950     
2014 2413 $43,106,925     
2015 4695 $52,285,880     
2016 75 $405,368 250 $425,948 
Total 11758 $156,424,989 250 $425,948 

 
Table 7.2-3: Congestion totals by year for MVP 17 for years 2012 – 2018  

(with polar vortex period removed) 

 

Similarly, when examining our constraints from an energy perspective, MISO observed that the average 
price impact before the MVP in-service start date is higher than the average price impact after the in-
service date (Table 7.2-4). When a constraint is binding it increases the prices by contributing to the 
Marginal Congestion Component of LMP at the raise-help nodes, therefore the in-service MVP can 
contribute to price reductions by reducing the occurrence of congestion on the constraint. The overall 
average price impact for our examined constraints was $10.377/MWh before MVP 17 went into service, 
and $5.047/MWh afterwards — a reduction of approximately 49 percent.   

Constraint 

Before ISD:  
1/1/2012 - 9/21/2016 

After ISD:  
9/21/2016 - 7/31/2018 

Average 
MCC Impact 
($/MWh) 

Max Nodes 
Impacted 

Average 
MCC Impact 
($/MWh) 

Max Nodes 
Impacted 

7RISING 348882 AMIL 4RISING 348883 AMIL 1.924 41 4.608 55 
FG20032 Palmyra_345_161kV_XFMR 15.872 61 6.063 81 
FG21278 Palmyra_345_161_KV_TR_BK 
FLO_OTTUMWA_MONTEZUMA_345_KV 5.768 64 2.479 166 

1998 NEWTON-ROBM 138 FLO NEWTON-CASEY W 14.606 7 0 0 
254546 BUNSONVILLE-EUGENE FLO CASEY-W BREED 1.02 554 0 0 
Rising 345/138kV Xfmr FLO Clinton - Brokaw 345kV 6.172 30 0 0 

Table 7.2-4: Average energy price impact by constraint for MVP 17 
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Fuel Costs 
The fuel price indices associated with conventional generation in the MISO North and Central regions are 
the Chicago Citygates natural gas and Illinois Basin coal prices. No direct correlation is observed 
between the limited MVP data and historic fuel prices (Figure 7.2-5). 

The main drivers for natural gas price changes are weather related. Sustained hot summer weather 
drives up demand for electric generators and sustained cold winter weather drives up demand for 
heating. Coal prices are more closely tied to electric power generation than gas, however price fluctuation 
is still mostly impacted a number of external factors not related to transmission including regulation, future 
stability, and competitive pressure of low gas prices. While a complete MVP Portfolio could potentially 
contribute to price pressures, the in-service MVPs on their own have most likely not resulted in any fuel 
price influence. 

 

Figure 7.2-5: Fuel Prices 2012-2018 with MVP In-Service Dates 
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Newly Interconnected Resources 
A primary component of the MVP business case is the ability to reliably deliver wind energy to meet state 
renewable energy policy goals. To measure progress toward this objective, a review of completed 
Generator Interconnection Agreements (GIAs) from the MISO interconnection queue shows that over the 
five-year sample period, more than 6,000 MW of wind has been added to the MISO North and Central 
regions (Figure 7.2-6).  

 

 

Figure 7.2-6: Completed Generator Interconnection Agreements (GIAs)  
with post-GIA status of “In Service” (MISO North/Central only) 

 

Share of Energy Supplied 
In addition to looking at what types of generation resources have been added to the MISO system, the 
share of energy supplied by resource type can also be measured using Real-Time settled generation 
market data (Figure 7.2-7). Some observed trends include a steady decline of coal from 2013-2017, while 
wind trends upward in each sample year correlating to more wind sources being added to the system. 
The settled gas generation largely correlates with gas price fluctuations discussed in in the previous 
section, while the remaining resource types stay generally level.  
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Figure 7.2-7: Sum of real-time hourly settled generation by ear (MISO North and Central) 

 

 

Conclusions 
All benefits assessed in the previous chapters of this review, and in the original MVP business case, are 
based on the MVP Portfolio in its entirety, without differentiating between individual projects. The 
MTEP18 review of historical market data shows similar trends to MTEP17, but because the in-service 
MVPs represent only a small portion of the entire portfolio (over a short time period), the tariff-required 
metrics discussed in this report may not yet be a reliable measure of MVP impacts. In future reviews, 
when a larger statistical sample of data becomes available, a more detailed analysis on the correlation 
between MVP system impacts and realized benefits can be performed. 

Going Forward 
MTEP19 will feature another limited review of the MVP Portfolio benefits, with an expanded look at 
historical data for several MVPs that recently went into service. The next full MVP Triennial Review is 
scheduled for MTEP20. 
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8.1 PJM Interregional Study 
MISO and PJM Interconnection, a Pennsylvania-based Regional Transmission Organization (RTO), 
focused their joint efforts in 2018 on a two year Coordinated System Plan Study, interregional process 
enhancements, and continued stakeholder interaction in the Interregional Planning Stakeholder Advisory 
Committee (IPSAC). 

2018-2019 Coordinated System Plan Study 

Following a March 30, 2018, IPSAC Annual Issues Review, MISO and PJM agreed to perform a 
Coordinated System Plan Study for 2018 and 2019. Included in the scope are both a 2018 Targeted 
Market Efficiency Project (TMEP) Study and a two-year, 2018-2019 Interregional Market Efficiency 
Project (IMEP) Study. The 2018 TMEP study is expected to conclude in October 2018 while the 2018-
2019 IMEP Study will finish at the end of 2019. 

2018 TMEP Study 

In 2018, due to appreciable levels of Market-to-Market congestion — $500 million of Day-Ahead and 
Excess Congestion Fund (or “Balancing”) congestion on Market-to-Market flowgates from 2016 to 2017—
MISO and PJM decided to continue their annual focus on resolving historical congestion and committed 
to a 2018 TMEP Study. This near-term study evaluates historical market-to-market congestion to find 
small but important fixes. 

For the 2018 study, MISO and PJM analyzed historically congested market-to-market flowgates. 
Flowgates with significant congestion — Day-Ahead plus Excess Congestion Fund — in 2016 and 2017 
were considered initially. MISO and PJM worked to identify valuable projects on their seams. A valuable 
project would accomplish four things: relieve known Market-to-Market issues, be completed in a relatively 
short time frame, have a quick payback on investment, and not be a greenfield project. MISO and PJM 
coordinated with facility owners to identify the limiting equipment and potential upgrades. Limited 
reliability and production cost analyses were used to confirm the projects’ effectiveness in relieving 
congestion. 

MISO and PJM shared their 2018 TMEP study results and conclusions at an October 5, 2018, IPSAC. 
The RTOs identified two TMEPs (Table 8.1-1) for recommendation to their respective boards and for 
inclusion in MISO’s MTEP and PJM’s Regional Transmission Expansion Plan (RTEP). 

M2M Facility Upgrade TO(s) Benefit 
($M) 

Cost 
($M) 

Interregional 
Cost Split 

Marblehead 161/ 
138 kV Transformer 

Terminal equipment (disconnect switch 
and bus conductor) 

Ameren 
(IL) 12.4 0.18 100% MISO 

Gibson - Petersburg 345 
kV Line 

Terminal equipment (switches, breakers, 
relays, bus work) 

Duke/ 
IPL 19.5 4.3 93% MISO/ 

7% PJM 
 

Table 8.1-1: TMEP Projects 
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2018-2019 Two-Year Coordinated System Plan Study 

In 2018, MISO and PJM initiated a two-year study aimed at identification of IMEPs. This first year of study 
focused on issue identification, while 2019 will focus on project solicitation and evaluation. 

MISO anticipates it will publish regional models and issues, for interregional project consideration, by the 
end of 2018. MISO will solicit interregional projects from stakeholders from January to February of 2019, 
running concurrent with PJM’s regional project solicitation window. MISO and PJM will evaluate 
interregional project proposals submitted to both regional processes. Any projects satisfying the JOA 
IMEP criteria will be recommended for approval by the MISO and PJM Boards in December 2019. 

Interregional Process Enhancements 

In 2018, the MISO-PJM IPSAC continued its commitment to interregional metric and process 
enhancements. MISO and PJM worked with stakeholders to identify changes to lower or remove undue 
hurdles to approve interregional projects. 

In the fourth quarter of 2018, MISO and PJM expect to file Joint Operating Agreement (JOA) changes 
with FERC to improve the interregional process and criteria. The JOA edits center on the IMEP process 
(removal of joint model references) and criteria (removal of the 5 percent generation-to-load distribution 
factor criterion), elimination of Cross Border Baseline Reliability Projects (CBBRPs) (replaced by 
Interregional Reliability Projects under Order 1000 changes), and clarification of the obligation to 
construct interregional projects solely in one RTO. 

FERC Docket ER16-1969 

By December 31, 2018, MISO will comply with the one remaining compliance directive stemming from the 
April 21, 2016, FERC Order EL13-88. Given two extensions, and assigned Docket ER16-1969, MISO will 
confirm, in a transmittal letter, that sub-345 kV IMEPs will use the prevailing regional cost allocation rules. 
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8.2 Southwest Power Pool  
MISO and Southwest Power Pool (SPP) kicked off 2018 by holding an Interregional Planning Stakeholder 
Advisory Committee (IPSAC) meeting on February 27, 2018, at SPP’s Little Rock, Ark., offices. This 
meeting served as the Annual Issues Review where MISO and SPP shared several stakeholder-
submitted issues. The meeting focused primarily on Interregional Process Improvements and addressing 
historical Market-to-Market congestion. At the conclusion of the meeting, MISO, SPP and stakeholders 
decided to focus on process improvements in 2018 with no study conducted. 

Following the February IPSAC meeting, MISO and SPP requested feedback regarding which process 
improvements should be implemented in the MISO-SPP interregional process. Stakeholder feedback was 
posted with the April 2018 Planning Advisory Committee (PAC) meeting materials. Stakeholders were 
largely split on the process improvements but MISO and SPP collaborated and agreed to focus on three 
main process improvements. Those improvements include: 

• Remove the joint model requirement within the Joint Operating Agreement (JOA) 
• Remove the $5 million threshold for interregional projects 
• Additional benefit metrics for all interregional project drivers (Adjusted Production Cost and 

Avoided Cost) 

MISO and SPP shared these improvement tasks with the IPSAC in July 2018 along with a work plan to 
implement these changes by the end of 2018. 

Additionally, MISO and SPP continue to explore the possibility of implementing a planning process to 
address historical Market-to-Market congestion. MISO and SPP requested stakeholder feedback at the 
February 2018 IPSAC meeting, which was largely split. For the remainder of 2018, MISO and SPP plan on 
taking a deeper dive into the historical Market-to-Market data to better understand how an updated 
planning process may benefit all parties. 
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8.3 Other Interregional Coordination 
Efforts  

In addition to the joint planning efforts with SPP and PJM, MISO also coordinates with neighboring 
entities of the Southeastern Regional Transmission Planning (SERTP) organization and the Independent 
Electricity System Operator of Ontario (IESO). At the time of this report, no formal studies are underway 
with either neighbor, though MISO and these entities meet regularly to review interregional issues and 
possible areas of collaboration. 

Southeastern Regional Transmission Planning Organization 
The SERTP Region, with ties on both the western and southeastern seams of the MISO footprint, 
consists of 11 FERC-jurisdictional sponsors spanning 12 U.S. states. Coordination procedures with 
SERTP for compliance with FERC Order 1000 are dictated by Attachment FF, Section X of the MISO 
Tariff. These procedures include an annual exchange of regional transmission plans, powerflow models 
and associated data used in each region’s planning processes, as well as annual and biennial 
coordination meeting requirements. 

On April 5, 2018, MISO and SERTP met at the MISO offices in Metairie, La., for a biennial review of 
regional transmission plans and procedures. While no interregional projects were identified for joint 
evaluation during this planning cycle, MISO will continue to coordinate with SERTP as regional plans are 
finalized and new interregional issues arise.  

Outside of the SERTP regional planning process, MISO works with individual SERTP sponsors on a wide 
variety of activities such as identifying system model improvements and coordinating reliability and 
economic assessments. This year MISO is working directly with TVA and LG&E on Market Congestion 
Planning Study project PC-4 to address congestion on the Southern Indiana/Kentucky border. For further 
details on this project and the economic planning process, refer to section 5.3 of this MTEP report.  

Independent Electricity System Operator 
IESO of Ontario, Canada, has interconnection paths into MISO through phase angle regulators in 
Michigan and Minnesota. While IESO and MISO do not have FERC Order 1000 coordination 
requirements, both parties still meet as needed to discuss reliability issues and coordinate ad hoc study 
efforts — most recently as a part of the exploratory Michigan Study in 2016. While no joint studies are 
currently underway, in May of 2018 both MISO and the IESO finalized revisions to the joint transmission 
studies operating instruction “A01,” which will provide more clarity and guidance on future study efforts. 
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8.4 Eastern Interconnection Planning 
Collaborative (EIPC) 
Along with 19 other current NERC authorized Planning Coordinating members, MISO continues to 
participate in the voluntary Eastern Interconnection Planning Collaborative (EIPC) organization. 

Originally formed independently in 2009 by more than two dozen planning coordinating regions, EIPC’s 
purpose is to provide a broad-based planning dialogue with interested stakeholders; foster additional 
consistency and coordination in the Eastern Interconnection; and to provide policy makers with technically 
sound transmission planning information. 

Recent EIPC activity includes:  

• Performing analyses of the frequency response of the Eastern Interconnection to provide input to 
NERC’s Long Term Reliability Assessments 

• Development of an EIPC member peer reviewed production cost simulation model and tool 
• Creation of reliability roll up cases and drafting a state of the electric grid report from the 

perspective of Planning Coordinators within the EIPC 

• Continual review of transmission planning best practices 

• Implementing a new, simplified approach to sharing CEII information for FERC Order 1000 and 
NERC MOD-032 purposes 

• Exploring discussions with NERC to potentially become the modeling Designated Entity for MOD-
32 compliance requirements 
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