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I Executive Summary
Midcontinent Independent System Operator (MISO) conducts an annual Loss of Load Expectation
(LOLE) study to determine a Planning Reserve Margin Unforced Capacity (PRM UCAP). zonal per-unit
Local Reliability Requirements (LRR). Capacity Import Limits (OIL) and Capacity Export Limits (CEL). The
results of the study and its deliverables supply inputs to the MISO Planning Resource Auction (PRA)

Key findings and results from the 2015-2016 Planning Year LOLE study include

Establishes a PRM UCAP of 7.1 percent to be applied to the Load Serving Entity (LSE)
coincident peaks for the planning year starting June 2015 and ending May 2016
Uses the GE Multi-Area Reliability Simulation (MARS) software for Loss of Load analysis to
provide results applicable across the MISO market footprint: any impacts due to transmission
limitations will be addressed in the PRA
Provides the PRA with the overall 7.1 percent PRM UCAP requirement. the per-unit LRR values
and the initial zonal OIL and CEL for each Local Resource Zone (LRZ) (Table 1-11). The OILs
and CELs may be adjusted within the PRA to assure that the resources cleared in the auction can
be reliably delivered simultaneously.
Determines a minimum planning reserve margin that would result in the MISO system
experiencing a less than one-day loss of load event every 10 years. as per the MISO Tariff The
MISO analysis shows that the system would achieve this reliability level when the amount of
installed capacity available is 1.143 times that of the MISO system coincident peak
Sets forth zonal-based (Figure 1.1-1) PRA deliverables in the LOLE charter

• .z7TTIu1I1i€	 •	 .	 •
1

MISO PRIM! UCAP I 7.1% 7.1% 7 1. 71% 7.1 0% 7	 7 1% 7.1% 7.1%
LRR UCAP per unit of LRZ Peak 11.111 1.151 1.137 1.214 1.211 1.108 1.142 1.270 1.112Demand I

Capacity Import Limit 
lL E 73S29o3 1,972 3,130 3.899 5,649 3.813 2,074 3,320

Capacity Export Limit ( 	 604	 1,516 1,477 4,125	 0	 2,930 4,804 3.022 3.239

Fable 1.1-1: iU1 Planning Kesource Auction Deliverables

A one-day oss of load n 10 years (0 1 day yea , i s not necessary equa to 24 'iours loss of load i n 10 years (2 4 nours.yean
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Figure 1.1-1: Local Resource Zones (LRZ)

1.1 Study Enhancements
For the 2015-2016 planning year, several changes were made to the LOLE modeling assumptions.
Modeling enhancements are necessary in order to mature and stabilize the planning reserve margin and
reliability requirements.

MISO enhanced the LOLE analysis as follows:

- Modeled generation that is eligible as a Planning Resource only, consistent 'Mth MISO's PRA
(Section 4.2.1)

- Modeled Behind-the-Meter Generation (BTMG) with a forced outage rate rather than as an
Energy-Limited Resource (Section 4.2.2)

- Adjusted PJM's target Planning Reserve Margin based on actual cleared capacity as part of
PJM's Reliability Pricing Model (RPM) (Section 4.4.2)

1.2 Acknowledgements
The stakeholder review process played an integral role in this study and the collaboration of the Loss of
Load Expectation Working Group (LOLEWG) was much appreciated by the MISO staff involved in this
study.

LJ
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2 LOLE Study Process Overview
In compliance with Module E-1 of the MISO Tariff. MISO performed its annual Loss of Load Expectation
LOLE) study to determine the Planning Reserve Margin (PRM) on an unforced capacity (UCAP) basis for

the MISO system and the per-unit Local Reliability Requirements (LRR) of Local Resource Zone (LRZ)
Peak Demand for the planning year 2015-2016.

In addition to the LOLE analysis. a transfer analysis was performed to determine Capacity Import Limits
(CIL) and Capacity Export Limits (CEL), CIL and CEL are used in conjunction with the LOLE analysis
results in the Planning Resource Auction (PRA) The 2015-2016 per-unit LRR UCAP values determined
by the LOLE analysis will be multiplied by the updated LRZ Peak Demand forecasts submitted for the
2015-2016 Planning Resource Auction to determine each LRZ's LRR. Once the LRR is determined, the
CIL values are subtracted from the LRR to determine each LRZs Local Clearing Requirement (LCR)
consistent with Section 68A.6 2 of Module E-1. An example calculation pursuant to Section 68A.6 of the
current effective Module E-1 3 shows how these values are reached (Table 2.0-1). The actual effective
PRM Requirement (PRMR) will be determined when the updated LRZ Peak Demand forecasts are
submitted by November 1 5t for the 2015-2016 PRA and the simultaneous feasibility test is complete,
which ensures CIL and CEL values are not violated.

Table 2.0-1: Example LRZ calculation

2.1 Future Study Improvement Considerations
In the past few years MISOs LOLE analysis has made many enhancements to ensure that MISO
continues to send the appropriate capacity planning signals in the forward time horizon. Although MISO
has confidence in the results, further improvements are still necessary to mature the process and stabilize
the planning reserve margin and reliability requirements.

msoe'e'y U'Q ...t,a'y	 ' if	 ffç
Effective Date November 19 2013
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The 2015-2016 MISO PRM value shows a 0.2 percent decrease on a UCAP basis compared to 2014-
2015. While providing the accurate PRM value to stakeholders is important. a stable PRM value in the
forward time horizon is equally important for Load Serving Entities planning to meet their reliability
requirement. MISO realizes the importance of both accuracy and stability of the PRM and will continue to
investigate future study improvements.

When a system is more reliable than 0.1 days per year LOLE, the industry standard practice in the
adjustment of capacity to meet 0.1 days per year LOLE is to add a perfect negative unit within the model.
However, the MISO Tariff explicitly describes a different methodology in determination of Local Reliability
Requirements. The tariff methodology effectively removes lowest UCAP units' characteristics from the
generator stack in the model. A potential change to the tariff methodology aligns with the industry
standard and should be discussed for future studies.

The LOLE PRM analysis utilizes a detailed generation and load model of the external system to
determine the amount of support MISO can get from the external systems. The external firm support can
be verified by diversity contracts and Power Purchase Agreements. The non-firm support is dictated by
generation. load and the effective planning reserve margins of the external systems. MISO has no control
of the data accuracy for the external systems thus the yearly external non-firm support can be volatile and
error-prone. A potential improvement to stabilize the external non-firm support should be discussed for
future studies.

The LOLE transfer analysis utilizes MTEP power flow models to calculate the CEL and OIL for each LRZ.
Potential improvements to develop a consistent and stable power flow model or development of a
methodology to smooth out volatility caused by changes other than MISO transmission should be
discussed for future studies.

Section 68A.3 of Module E-1 states that no later than September 1st of the year prior to a Planning Year.
the Transmission Provider will. as necessary. develop new Local Resource Zones (LRZ) to reflect the
need for an adequate amount of Planning Resources to be located in the right physical locations within
the Transmission Provider Region to reliably meet Demand and LOLE requirements.' In order to meet
this requirement. MISO is establishing an annual process to re-evaluate the boundaries of Local
Resource Zones.

Currently. MISO has an annual Resource Adequacy construct. The January 2014 polar vortex brought
extreme weather conditions to the MISO Region that introduced significant challenges to the reliable
operation of the power grid. MISO realizes the risks brought on by the extreme weather conditions and
natural gas availability during the winter peak time. Potential solutions are being investigated including a
seasonal construct.

MISO is identifying process improvements to limit volatility caused by controllable variables and
determine the impact of non-controllable variables. Possible improvements for the 2016 study include:

Consider impact of long-term transmission line and generator outages
- Adjust the implementation of unit retirements or suspensions that occur after summer peak
- Align MIEP and LOLE power flow model development, review and updates
- Report additional constraints for each transfer. such as the top 3 or 5

Identify process for identification of transmission constraints and OIL and CEL values when
available generation is limiter, not transmission



First Transfer

Second Transfer

if no constraints
in first

3 Transfer Analysis
3.1 Calculation Methodology and Process Description
Transfer analysis establishes OILs and CELs for Local Resource Zones (LRZ5) in the Planning Reserve
Margin (PRM) study for the 2015-2016 Planning Year. The objective of this study is to determine
constraints caused by the transfer of capacity between zones and the associated transfer capability.
Significant methodology and process enhancements were put into place prior to Planning Year 2014-15
analysis. The following incremental enhancements were put into place before this years analysis.

Improved redispatch for import studies
- Dispatching MISC wind resources to capacity credit levels
- Model topology alignment with MISC Transmission Expansion Plan (MTEP) (LOLE model built for

same date as MTEP models)
- Improved and expanded coordination with seam areas
- Expanded redispatch for Reciprocal Coordinated Flowgate (RCF) constraints eligible for market-

to-market dispatch
- Thorough modeling review documentation to aid in stakeholder model review

Last years study included analysis on 5- and 10-year-out models. Considering the importance of pending
regulations in the 2016 timeframe. this years out-year analysis focused on the 2016-17 timeframe

3. 1.1 Tiered generation pools

To determine an LRZs import or export limits, a generation-to-generation transfer is modeled from a
source subsystem to a sink subsystem. For import limits, the sink subsystem is the LRZ under study. To
reduce the likelihood of remote constraints limiting zonal imports. limits are found by increasing MISC
generation resources in adjacent Local Balancing Authorities (LBAs) to the LRZ under study while
decreasing generation inside the LRZ under study (Figure 3.1-1).

- Tier 1 - MISO LBAs adjacent to the LRZ under study
Tier 2 - MISC LBAs adjacent to Tier 1

Figure 3.1-1: Tiered import illustration

Import limit studies are analyzed first using Tier 1 generation only. If a constraint is identified. redispatch
is tested. If redispatch mitigates the constraint completely and an additional constraint is not identified. the
limit is the adjusted available capacity in Tier 1 plus any base import or minus any base export. Available
capacity must be adjusted to account for changes due to redispatch. If a constraint is identified using Tier

.41.
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1 generation. no further analysis is required. If no constraint is identified using Tier 1 available capacity
only, available capacity in both Tiers 1 and 2 is then used considering the same redispatch process.

It is not necessary to apply the tiered approach to export studies. Generation within the zone studied for
an export limit is being ramped up and constraints are expected to be near the zone because the
generation being ramped up is in a more concentrated area than import studies. The opposite is true for
import studies - generation outside the study zone is ramped up. which could cause remote constraints
limiting local imports if the source pool is large. Using a large source pool also impacts the distribution
factors and could potentially mask valid constraints. The sink for export studies is the remaining LRZs.

3.1 .2 Redispatch

Redispatch applied in the LOLE study was completed similarly to redispatch for baseline reliability
projects, which is referenced in Appendix 0. Section 0.1 1.1 of the Transmission Planning Business
Practice Manual (BPM). The common assumptions are as follows.

- Only shift factors greater than 3 percent are considered
- No more than 10 conventional fuel units or wind plants will be used

Redispatch limited to 2.000 MW total (1,000 MW up and 1.000 MW down)
- No adjustments to nuclear units

Each zone's transfer studies might include application of multiple. independent redispatch scenarios
depending on the constraints that are identified. Constraints found to be significantly impacted by different
units and distant from each other will be redispatched separately.

Redispatch assumptions vary depending on LBA ties for import scenarios (Figure 3.1-2).

• Source system (Tier 	 • All MISO generation
or Tiers 1 and 2)	 resources

• Zone being studied	 • External resources for
for OIL
	 RCF constraints

External resources for
RCF constraints

Figure 3.1-2: Import Redispatch Scenario

For import redispatch scenarios. all MISO generators will be eligible to ramp down if the generation shift
factor is 3 percent or higher. Only Planning Resources in the zone and adjacent LBAs will be eligible to
ramp up. It is unreasonable to assume ramping down a unit with a significant impact on the constraint by
2 MW. for example. can be offset by ramping up a unit on the other side of the footprint by 2 MW when
transmission losses are considered.

3PM 020- Transmssn Pannng '::ps ... 	 a'jo..s	 I Rec	 aspx

JL
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• In zone being • All MISO

For export redispatch scenarios, only generation within the zone being studied is considered to be
ramped up. Any MISO generator with an impact of 3 percent or higher is eligible to be ramped down
(Figure 3.1-3).

studied	 • External
• External
	

resources for
resources for
	

RCF constraints
RCF constraints

Figure 3.1-3: Export Redispatch Scenario

3.2 Power Flow Models and Assumptions
3.2.1 Tools used

Siemens PTI Power System Simulator for Engineering (PSS E). Power System Simulator for Managing
and Utilizing System Transmission (PSS MUST), and Transmission Adequacy and Reliability Assessment
(TARA) were utilized for the transfer analysis.

3.2.2 Inputs required

The study required power flow models and PSS MUST Input files. PSS MUST contingency files from
Coordinated Seasonal Assessment (CSA) and MTEP reliability assessment studies were used (Table
3.2-1). Single-element contingencies in MISO and seam areas were evaluated in addition to submitted
files.

2015-16 Planning	

Contingency flies

Year	 2014 Summer CSA
2-year-out peak	 MTEP14 study

Table 3.2-1: Contingency files per model

Refer to the Transmission Planning BPM for more information regarding MTEP PSS MUST nput files
ps	 r soe ' e 'c o '	ayo..:s .l	 E.\t Rec '€: 3spx70r121.
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PSS MUST subsystem files include LRZ. Tier 1 and Tier 2 definitions. Refer to Appendix C for maps
containing Tiers used for this study. The PSS MUST monitored file includes all facilities under MISO
functional control.

3.23 Power Flow Modeling

Two summer peak models were required for the analysis: 2015 and 2016. All models were built using
MISO's Model on Demand (MOD) model data repository. each with an effective date and base
assumptions (Table 3.2-3).

	

MTEP14 Appendix 
2013 Senes 2015	 Summer

A and Target A	
Summer ERAG2015	 7/15/2015 

MMWG	 Peak

	

MTEP14 Appendix 2013 Sehes 2016	 Summer

- ------

A and Target A	
Summer ERAG2016	 7/15/2016	 Peak

MMWG
Table	 -3: Model assumptions	

- -------------	 -

Several types of units were excluded from the transfer analysis dispatch. meaning these units base
dispatch remained fixed in all analyses.

- Dispatch exclusions from the MTEP summer 2014 Coordinated Seasonal Assessment study
were applied, which included hydro. nuclear. SVC motor loads. Behind-the-Meter generation and
MISO swing generators

- MISO wind dispatch capped at wind capacity credit, meaning plants could be ramped down to
facilitate transfers. but not be ramped up

System conditions such as load. dispatch. topology and interchange have an impact on transfer
capability. Stakeholder review of models and input files was requested through LOLEWG meetings and
by notices sent to the LOLEWG Files were made available on the MTEP ftp site. Feedback regarding
transmission facilities modeling and ratings and LBA load and generation levels was requested.

3.2.4 General Assumptions

PSS MUST uses the power flow model and associated input files to determine the import and export
limits of each LRZ by determining the transfer capability. Transfer capability measures the ability of
interconnected power systems to reliably transfer power from one area to another under specified system
conditions and is used as an indicator of transmission strength. The incremental amount of power that
can be transferred will be determined through First Contingency Incremental Transfer Capability (FCITC)
analysis. FCITC analysis and base power transfers provide the information required to calculate the First
Contingency Total Transfer Capability (FCTTC). which indicates the total amount of power able to be
transferred before a constraint is identified. FCTTC is the base power transfer plus the incremental
transfer capability (Equation 3.2-1). All published limits represent the zone's FCTTC.

_______

Equation 3.2-1: Total Transfer Capability
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Facilities were flagged as potential constraints for loadings of 100 percent or more of the normal rating for
North American Electric Reliability Corporation (NERC) Category A conditions and loadings of 100
percent or more of the emergency rating for NERC Category B contingencies. Linear FCITC analysis
identifies the limiting constraints using a minimum Distribution Factor (DF) cutoff of 3 percent. meaning
the transfer and contingency must increase the loading on the overloaded element by 3 percent or more.

A pro-rata dispatch is used. which ensures all available generators will reach their maximum dispatch
level at the same time. The pro-rata dispatch is based on the MW reserve available for each unit and the
cumulative MW reserve available in the subsystem. The MW reserve is found by subtracting a units base
model generation dispatch from its maximum dispatch. which reflects the available capacity of the unit.

Table 3.2-4 and Equation 3.3-2 show an example of how one units dispatch is set. given all machine data
for the source subsystem.

1
2
3
4

5

j	 20	 20

]	 50	 10
20	 20

450	 0

100	 80

150	 100

100	 80
500	 52_

500	 100	 500	 0
Total Reserve	 310

Table 3.2-4: Example subsystem

=x 100 = 25.8

Z I	 = 25.8

Equation 3.3-2: Machine I dispatch calculation for 100 MW transfer
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3.3 Results
The results for each LRZ consists of a list of constraints and the corresponding FCTTC. Invalid
constraints were identified for several reasons. such as outdated ratings. invalid contingencies, solution
tolerance settings. invalid external base dispatch. or associated operating guides that mitigate the
constraint. The CIL and CEL are the FCTTC of the corresponding limiting constraint. Section 223of
the Resource Adeguac'1 5 	provides additional information regarding how the OIL impacts the Local
Clearing Requirement calculation. Constraints and associated limits were presented and reviewed
through the LOLELc . This activity occurred in the meetings that took place in August through October
2014.

Significant stakeholder feedback that resulted in updated limits includes:

LRZ 2 CIL constraint to be on outage during summer period
AMMO units physically located in Illinois need to be modeled in AMIL LBA
External base model and redispatch adjustments
More effective redispatch scenarios

Sensitivity analysis was performed on LRZ 2s CIL to determine the impact of a long-term outage and the
retirement of Nelson Dewey generation during the Planning Year. The limit was significantly impacted by
both the outage and the retirement. Since it is possible the outage might end earlier than planned and be
in-service during the summer timeframe. the final value was determined with the transmission line in-
service. The unit retires several months after the summer peak period, so it was decided to include it in
the summer peak model.

Last year's LOLE out-year analysis focused on five- and 10-year-out analyses to align with MTEP
timeframes and modeling data. This year's study focused on a two-year-out model due to impactful
regulations in the 2016-17 horizon

Detailed constraint and redispatch information for all limits is found in Appendix C: Transfer Analysis of
this report. A summary of the Planning Year 2015-16 Capacity Import Limits is in Table 3.3-1.

13



MEC.Worth County Barton —

±_
—Colby 161 kV Adarns 161 kV

WEC.Turkey River	 ALTE
2	 I	 2.903	 Stoneman	 AT5/7 Xfr fault	 2	 2.104	 694	 MGE&	 3.083

161 kV	 ALTW
PalmyraxEL.Hills — SubT— .

3	 1	 1.972	 3451161 kV 345 V 727	 2.000 ALTW. &	 1.591
transformer

	 Louisa	 MEC
NIPS.

Tazewell	 Tazewell I 	 BREC

4	 1 1	 3.130	 345/138 kV	 345/138 kV	 4	 850	 2.000 AMMO.	 3.025
transformer 1	 translbrmer 2	 &

MEC

White Bluff —	 Sheridan —
5	 1	 3.899	 Mabelvale	 5	 3.899 1 Not Applicable	 5.273

500KV
......	 .	 ........	 .

6	 1&2	 5.649	 Neoga -	 Xenia - Mount	 6	 090	 2.000 METC &.
	 4.834Holland 345kV Vernon 345kV 	 AMIL

Clifty Creek -	 Rockport -
7	 1&2	 3.813	 Trimble	 . Jefferson	 7	 2.412	 Not Applicable	 3.884

County 345kv 765kV

Mt Olive	 Mt Olive -	 CLEC.
8	 1	 2.074	 Eldorado 500	 8	 482	 2.000 AMMO, &	 1.602Vienna 11..,kV kV 	 EES

Junction City	 Mount Olive to
9	 . 1	 3.320	 to Bernice	 El Dorado	 9	 3.320	 Not applicable	 3.585

115kV	 500kV

Table 3.3-1: Planning Year 2015-2016 Capacity Import Limits

The 15-16 Limit represents the limit after redispetch has been considered
The Initial Limit represents the limit before considering redispatch

14



-
-

-	 (

- - -	 - -
/'N

	

-	 r-	 -	 -, --	
ft

-

15 16 CIL Constraints

Transmission Voltage Class> 200 kV

•	 -	 _	 i__U230
S. • 345
;\ • oo

• 735 and Above
U DC Line

Figure 3.3-1: Planning Year 2015-16 CIL constraint map

15



-

Capacity Exports Limits were found by increasing generation in the zone under study and decreasing
generation in the rest of the MISO footprint. Table 3.3-2 summarizes Planning Year 2015-16 Capacity
Export Limits.

1	 1	 604

2	 1.516

3	 1.477

4	 4.125

5

6	 2.930

7	 4.804

8	 3.022

Lakefleld -	 Webster 345 kV 1	 1	 604	 Not Applicable	 286
Dickinson 161 kV Station	 App a e

WEC.
Zion Station -
Zion Energy	 Zion 345 kV

Pleasant PrPrairie2	 1,167	 1.188	 1.924
Center 345kV 

Byron - Cherry 	 Byron - Cherry	 MEC.
Valley 345kV	 Valley 345kV	 3	 648	 1.610 NIPS. &	 1.875
Red	 Blue	 WEC

Robinson 138kV	 Robinson 138kV	 4	 _4.125	 Not Applicable 	 1.961

Palmyra 345161	 5	 0	 Not Applicable 	 1.350
kV Transformer	 Louisa 345 kV	 i

Clifty Creek -
Trimble County	 Rockport -	 6	 2.930	 Not Applicable 	 2.246
345kV	 Jefferson 765kV

Benton Harbor	 Benton Harbor- ,	 4799	 METC &	 4.517345,138 kV
Transformer	 Cook 345 kV	 ITCT

Woodward -
Stuttgart Ricusky Keo - West	 8	 2.767	 2.000 EAI	 3.080
230kv	 Memphis

White Bluff- Keo Sheridan - 	 EES &
9	 3.239	 9	 951	 2.000	 3.616

500kV	 Mabelvale 500kV	 CLEC

Table 3.3 .2: Planning Year 2015-2016 Capacity Export Limits

Limit is initially determined by transmission constraint listed above, then is limited by generation

16
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3.3.2 2016-17 Results

Table 3.3-3 summarizes 2016-17 Capacity Import Limits.

Vlortn Count'i -	 Barton - Acams	 1
Colby 161 kV	 161 kV
Turkey River —	 Seneca- Genoa	 2Stoneman 161	 161 kVkV

Palmyra 345.161	 Louisa - Sub T to
kV Transformer	 Hills 161 kV

West Point -	 Eugene- Cayuga
Lafayette 230 kV 345 kV

White Bluff - Keo Sheridan -	 5500 kV	 Mabelvale 500 kV
Newton - Casey Casey - Neoga	 6345 kV	 345 kV

Battle Creek - 	 Argenta -	 7Argenta 345 kV	 Tompkins 345 kV

Montgomery -	 Montgomery -	 8Clarence 230 kV	 Winnfield 230 kJ

Junction City -	 Mount Olive - El	 8Bernice 115 kV	 Dorado 500 kV
Table 3.3-3: 2016-17 Capacity Import

3.430	 2.000	 MEC. ITCM.
XEL. GRE

ITCM.ALTE
1.362	 2.000 ALTW. MGE.

MEC
XEL. AL1W. -

787	 2,000 AMIL.AMMO,
MEC

DEl. NIPS.
675	 2.000 AMMO, MEC.

ITCM. XEL

3.131	 2.000	 EAt, AMIL.
AMMO

4,497	 2.000	 METC. AMIL

EES ALTE.
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DEl

0	 2.000 AMMO, EES.
LAGN. CLEC
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1	 3.453

2	 1	 3.586

3	 1	 3.711

4	 1	 1.931

5	 1	 3.991
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7	 1&2	 3.666

8	 1	 2.441

9	 1	 3.193
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Table 3.3-4 summarizes 2016-17 Capacity Export Limits.

fteneMtion
tch A

Element	 Element NLanJ

1L.udIOI(tJ,ed

XEL SMMPA,
2.000	 GRE. ITCM.

MEC. DPC

WEC, MGE.
2000	

ALTE. CE

Ec - Cbe,	 yc -
1	 350	 Vaey Red 345	 Biue 345 kV	 1	 0

kV Line	 Line
Zion Energy	

Zion Station -

2	 1.858	 Pleasant Prairie 345	 2	 867
Stabon 345 kV	

kV Line
Line 
Palmyra	 -
Transformer	 ALTW. MEC.

3	 1.983	
345161 kV	

Spencer 230 kV	 3	 869	 1.184	
MPW. AMMO

Transformer	
Line

Jacksonville -
4	 3.793	 Westchester	

Meredosia — Alsey	
4	 3.793	 Not Applicable

PPI 138 kV
138 kV

e

Palmyra
Transformer	 Hull - South Quincy
345/161kV	 138 kV Line
Transformer
Westpoint—	

Eugene — Clay
6	 2.360	 Lafayette 230	

Sub	
2.360

345 k%I Line	
5

kV Line
Dorr Corners Jct

138 kV	
Argenta — Tallrnadge	

6	 3.399
345 kV Line

7	 3.399	 — Beals
Line
Hot Springs

8	
3.494East Bus -	 Sheridan - Magnet	 7	 2.761

Butterfield 115	 Cove 500 kV Line
k\! Line

Montgomery -	 Montgomery -
9	 2.511	 Clarence 230	 Winnfield 230 kV	 8	 1.678

kV Line	 Line

Table 3.3-4: 201 6-17 Capacity Export Limits

Not Applicable

Not Applicable

Not Applicable

	

2.000	 EES

	

1.133	 EES.CLEC

Limit is initially determined by transmission constraint listed above, then is limited by generation

—I	 -
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4 Loss of Load Expectation (LOLE) Analysis

4.1 LOLE Modeling Input Data and Assumptions
MISO utilizes a program developed by General Electric called Multi-Area Reliability Simulation (MARS) to
calculate the LOLE for the applicable planning year. GE MARS uses a sequential Monte Carlo simulation
to model a generation system and assess the systems 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.

The GE MARS model builds are the most time-consuming tasks of the Planning Reserve Margin (PRM)
study. Many cases are built to model different scenarios and to determine how certaincertain variables impact
the results, The base case models determine the MISO PRM ICAP. PRM UCAP and the Local Reliability
Requirements (LRR) for each LRZ for years one. two and three and the PRM values for year 10.

4.2 MISO Generation
4.2.1 Thermal Units

The 2015-2016 planning year LOLE study utilized the 2014 PRA converted capacity as a starting point for
which resources to include in the study. This was to better align the LOLE study with the Planning
Resource Auction to ensure that only resources eligible as a Planning Resource were included. An
exception was made for those resources in MISOs March 2014 Commercial Model that weren't part of
the 2014 PRA but stated in the 2015 OMS-MISO Survey that they would be available in 2015. These
resources were also included. All internal Planning Resources were modeled in the LRZ that they are
physically located in

Forced outage rates and planned maintenance factors were calculated over a five-year period (January
2009 to December 2013) and modeled as one value Some units did not have five years of historical data
in PowerGADS. but if they had at least 12 consecutive months of data then unit-specific information was
used. If a unit had less than 12 consecutive months of unit-specific data in P0werGADS, then that unit
was assigned the corresponding MISO class average forced outage rate and planned maintenance
factor. If a particular MISO class had less than 30 units then the overall MISO weighted class average
forced outage rate of 7 67 percent was used.

Nuclear units have a fixed maintenance schedule. which was pulled from Ventyx PowerBase and was
modeled for each of the study years

4.2.2 Behind-the-Meter Generation

Behind-the-Meter generation data came from the Module E Capacity Tracking (ME CT) tool. These
resources were explicitly modeled just as any other thermal generator with a monthly capacity and forced
outage rate.

4.2.3 Sales

This years LOLE analysis incorporated firm sales to PJM. For units with capacity being sold to PJM. the
monthly capacities were reduced by the megawatt amount being sold. This totaled 2.044 MW for
Planning Year 2015-2016 and 4.135 MW for Planning Year 2016-2017 and 3.368 Planning Years 2017-
2018 and 2024-2025. These values came from PJMs Reliability Pricing Model (RPM)
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4.2.4 Attachment Y

For the 2015-2016 Planning Year. generating units that have approved suspensions or retirements (as of
May 9. 2014) throughVi ççnY process are accounted for in the LOLE analysis. Any unit
retiring. suspending. or coming back online at any point during the Planning Year was excluded from the
year-one analysis.

For the year two-. three- and 10-year analyses, all units that have submitted an attachment Y request for
suspension or retirement are removed, as are units indicating plans to retire in the EPA Survey However,
if a unit indicated in the OMS-MISO survey that it would be returning from suspension for 2016 and
beyond then it was modeled as in service at the time of the suspension end date.

Capacity Not Included in LOLE Model 	 Year 1	 Year 2	 Year 3	 Year 10
Attachment Y - Appro\ed	 X	 X	 X	 X
Attachment Y - Under Study 	 X	 X	 X
Attachment Y2's also in EPA Survey 	 X	 X	 X
EPA Surey Retirements 	 X	 X	 X

Table 4.2-1: Retirement and suspension assumptions

4.2.5 Future Generation

Future thermal generation and upgrades were added based on unit information in the MLSC Generator
nterconnectionCue'e. Only units with a signed interconnection agreement (as of May 9. 2014) 'vere

included in the LOLE model. These new units were assigned class-average forced outage rates and
planned maintenance factors based on their particular unit class. Units that were upgraded during the
study period reflected the MW increase for each month beginning the month the upgrade was finished.
Future wind generation was not included in the LOLE analysis.

4.2.6 Intermittent Resources

Intermittent resources such as run-of-river hydro. biomass and wind were explicitly modeled as demand-
side resources. Non-wind intermittent resources such as run-of-river hydro and biomass provide MISO
with up to 15 years of historical summer output data during hours ending 15:00 EST through 1700 EST
This data is averaged and modeled in the LOLE analysis as unforced capacity for all months. Each
individual unit is modeled and put in the corresponding LRZ.

Each wind-generator CPNode received a capacity credit based on its historical output from MISOs top
eight peak days in each past year for which data was available. The megawatt value corresponding to
each CPNode's wind capacity credit was used for each month of the year. If a unit was new to the
commercial model and did not receive a wind capacity credit as part of the 2014 Wind Capacity Credit
analysis, then that unit was given the MISO-wide wind capacity credit of 14.1 percent as established by
the 2014 Wind Capacity Credit Effective Load Carrying Capability (ELCC) analysis. The capacity credit
established by the ELCC analysis determines the maximum percent of the wind unit that can receive
credit in the PRA while the actual amount could be less. Each wind CPNode receives its actual wind
capacity credit based on the capacity eligible to participate in the PRA. Only Network Resource
Interconnection Service or Energy Resource Interconnection Service with firm point-to-point is considered
an eligible capacity resource The final value from the 2014 PRA for each wind unit was modeled at a flat
capacity profile for the Planning Year. Aggregate megawatt values for wind generating units are then
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determined for MISO and each LRZ. The detailed methodology for establishing the MISO-wide and
individual CPNode Wind Capacity Credits can be found in the 2O14A:nd Ca pacity Credit Report

4.2.6 Demand Response

Demand response data came from the Module E Capacity Tracking (MECT) tool. These resources were
explicitly modeled as energy-limited resources. Each demand response program was modeled
individually with a monthly capacity and energy. which is limited to the number of times each program can
be called upon as well as limited by duration.

4.3 MISO Load Data
For the 2015-2016 LOLE analysis. the hourly LRZ load shape was a product of the historical load shape
used as well as the 50/50 demand forecasts submitted by Load Serving Entities (LSE) through the MECT
tool. The non-coincident peak demand forecasts (with transmission losses) by LSEs 'vere aggregated by
their respective Local Balancing Authorities (LBA) and applied to the LBAs historical load shape in GE
MARS. LRZs 1 through 7 used the 2005 historical load shape while zones 8 and 9 used the 2006
historical load shape For MISO North/Central. the 2005 load shape is typical for the area as well as
typical for external areas. With the integration of MISO South. MISO chose to use the 2006 historical
shape as the 2005 shape represented an extreme weather year for the South region due to Hurricane
Katrina In GE MARS. MISO utilized the ability to input monthly peaks. which MARS used to modify the
historical load shape accordingly in order to adhere to the monthly peak forecasts that LSEs submitted
These are shown as the MISO System Peak Demand in Table 5.1-1 and LRZ Peak Demands in Table
6.1-1

Direct Control Load Management and Interruptible Demand types of demand response were explicitly
included in the LOLE model as resources. These demand resources are implemented in the LOLE
simulation before accumulating LOLE or shedding of firm load.

4.3.1 Load Forecast Uncertainty

Load Forecast Uncertainty (LFU), a standard deviation statistical coefficient, is applied to base 50/50 load
forecast to represent the various probabilistic load levels With transition into Module El in 2012. MISO
determines two separate requirements: Local Reliability Requirement (LRR) for each zone as well as an
overall MlSO-'vide Planning Reserve Margin (PRM).

For the 2013 LOLE study MISO began calculating LFU for each Local Resource Zone (LRZ) to
derive the LRR by applying the NERO Bandwidth Method to associated zonal historic demand.
In addition to that. a MlSO-'vide LFU was calculated and applied to an aggregate MISO load
shape to determine a MlSO-'vide PRM. In the current LOLE study. enhancements were made to
this LFU determination.

Through previous years analysis results. it was determined that aggregating the MISO-wide footprint
(including MISO South) into one load shape was no longer prudent in derivation of the MISO-wide PRM
given the large geographic footprint A MISO-wide LFU applied to every load in MISO. regardless of its
unique LFU and geographic location, misrepresents the local uncertainty in demand. The
misrepresentation of local uncertainty in demand is amplified when applying the old method to such a
large geographic area

In the 2014 LOLE study. MISO identified a new modeling technique. which connected each LRZ to a
central hub with infinite ties. This enabled MlSO to model each LRZs demand and generation uniquely
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Use of this method to derive the MISO-wide PRM better aligns with the zonal construct. For this years
study. MISC continued using the updated modeling method. The resulting LFU. through modeling in a
probabilistic model, was determined to be 3.8 percent for the aggregate MISO footprint. which is in line
with previously derived LFU. Further details of this determination are discussed later in this section.

This method ensures that the LRZ LRR is established in sync with MISC-wide PRM using the same
model and applying the same zonal LFUs. Modeling the more granular zonal LFU values appropriately
applies each LRZs LFU to that LRZs load. This application of LFU more accurately reflects the
uncertainty impacts of each LRZ's geographic area

In the zonal methodology. MARS applied the LFU of each LRZ to its corresponding hourly load: this
application was not limited only to the peak loads In other words. at every specific hour in the model. if
one LRZ was taken away from its 50/50 load of that hour by one standard deviation (sigma). all other
zones were one sigma away from their 50150 loads of that very same hour. where the sigma value was a
different value of LFU for each LRZ. The LRZ LFU values used in the MISO PRM analysis are provided in
Table 4.3-1.

LRZ I
	

2.8%

LRZ 2
	

4.5%

LRZ 3
	

2.9%

LRZ4
	

4.5%

LRZ 5
	

4.2%

LRZ 6
	

3,3%

LRZ 7
	

5.2%

LRZ 8
	

4.9%

LRZ 9
	

3.1%

Table 4.3-1: 2015 Local Resource Zone LFU

As discussed previously. MISC back-calculated the system wide LFU equivalent to MISC's current zonal
methodology to be about 3.8 percent. In this calculation the 50/50 hourly load of each LRZ was
increased by one standard deviation and then aggregated up to get to one hourly load for the MISO
footprint. This load was compared to the 50/50 MISC hourly load and the overall LFU for every hour 'vas
calculated. The average of these hourly MISC LFUs was about 3.8 percent.

Previously. MISC performed LFU sensitivity analysis to examine its effect on the Planning Reserve
Margin Requirement. MISC concluded that for the LFU ranges of 3 percent to 4 percent. a 1 percentage
point increase in LFU contributes to an increase of about 2 percentage points in PRM UCAP

As promised during previous years' study. MISC started a Load Forecast Uncertainty Task Team as a
MISC stakeholder forum to discuss possible improvements to the LFU calculation. Due to low stakeholder
involvement, stability in the results of LFU calculation, and comparison with the industry practices. the
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LOLEWG decided to stop meeting through that forum. It opted to continue with the current methodology
and bring any LFU-related concern or recommendation to the LOLEWG going forward.

More details about the LFU methodology are provided in Appendix A: Load Forecast Uncertainty.

4.4 External System
The LOLE study utilized an external model with seven external zones. In order to determine an
appropriate level of support that MISO could expect from the external systems each external zone was
modeled at its appropriate target PRM with adjustments for sales/purchases and demand-side
management (DSM) program reductions. The tie capacity value to each external zone was derived from
an analysis of the 2013 Historical Net Scheduled Interchange (NSI) data. MISO South companies
provided the NSI data separately since MISO did not collect the NSI data prior to MISO South integration
on December 19, 2013. This data was merged with the MISO North/Central NSI data to determine the
total tie capacity values to each external zone. The LOLE model probabilistically determines reasonable
external assistance and reduction in the PRM from being interconnected to external entities.

4.4.1 Development of the External Model Import Tie Capability

The total tie limits for the external model were derived from observing the hourly historical maximum NSI
between MISO and each first-tier balancing authority (BA) during North American Energy Standards
Board (NAESB)-designated summer peak hours. NAESB summer peak hours are defined as 0800 to
2300 EST Hour Ending. Monday through Saturday, and in the months June through August. Previous
LOLE studies determined NSI values over the entire year The move to summer peak hours more
accurately reflects available external support in a MISO peak demand scenario when a loss-of-load event
is most likely to occur. The 2013 NSI data was analyzed for the 2015-2016 LOLE analysis. The 17 first-
tier BAs historical NSI values were merged into seven equivalent external zones that would mirror limits
to adjacent Regional Transmission Operators (RTC). power pools. or Reliability Coordinators Figure 4.4-
1 shows the BA breakdown of these seven external zones When determining the MISO PRM. all external
purchases are modeled as firm non-curtailable contracts from the respective external zone to MISO
MARS will account for the firm contracts when calculating available flow on the tie lines. In the LRZ LRR
model. in contrast. external purchases are not modeled as the zone is treated as an island. The zonal
UCAP values shown in Table 6.1-1 only reflect generation that is internal to that zone and does not
account for generation claimed from outside MISO
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External Zone
External Zone A
External Zone B

External Zone C
External Zone D
External Zone E

External Zone F
External Zone G

NERC
Acronym

WAUE
MHEB
SPC
PJM
ONT

MOWR
SPA

SWPP
AEP

OKGE
EDE

Soco
LGEE
TVA
EEl

AEC
AECI

2013 17 MISO 1st Tier Balancin g Authorities Reflectin g 2015
Footprint

Western Area Power Administration-Upper Great Plains Region
Manitoba Hydro
Saskatchewan Power Co.
Pen nsylvania-NewJersey-Maryland Interconnection
IESO (Independent Electricity S ystem Operator)
Westar Energy ResourcesiMissouri Joint Municipal Electric Utilit y Commission
Southwestern Power Administration
Southwest Power Pool
American Electric Power Company (formerly Central and South West Services)
Oklahoma Gas & Electric Company
Empire District Electric
Southern Company
Louisville Gas and Electric
Tennessee Valley Authority
Electric Energy Incorporated
Appalachian Electric Coop.
Associated Electric Cooperative Inc

a-

Figure 4.4-1: MISO first-tier Balancing Authorities with external purchases

4.4.2 External Zones Base PRIM and Adjustments

For the external zones. all load and generator data came from vendor-supplied databases since MISO
only collects detailed information on MISO load and generation resources. MISO then set the available
generation for each external zone at its reported planning reserve margins. If a regional PRM was not
established. MISO used the NERO reference margin of 15 percent. The target PRM for PJM was set
based on the reserve margin cleared in the Reliability Pricing Model auctions. This margin is higher than
its Planning Reserve Margin calculated in its Reserve Requirement Study (RRS). which is similar to the
MISO LOLE Study. This was an improvement from last year as capacity cleared in PJMs RPM has
capacity obligations for the corresponding planning year they clear in

The target PRM for each external zone was then increased by external purchases from that zone
External purchases are external resources claimed in MECT for the 2014-2015 Planning Year. In the
2014 Planning Resource Auction. the declared external resources in MECT totaled 3.155 MW. External
sales have the inverse relationship to purchases and decreased the external regions target PRM. Only
MISO capacity sold in PJM's Reliability Pricing Model (RPM) was modeled. PJM is the only external area
with a capacity market that has must-offer obligations. This '-viIl be evaluated annually to determine if
other external areas begin to have capacity markets For units with capacity being sold to PJM, the
monthly capacities were reduced by the megawatt amount being sold. This totaled 2.044 MW for
Planning Year 2015-2016 and 4.135 MW for Planning Year 2016-2017 and 3.368 Planning Years 2017-
2018 and 2024-2025

To more accurately model operational characteristics in times of peak demand the external zones
corresponding DSM was removed from its available capacity. effectively reducing the target PRM
External zones DSM program data was taken from the 2013 NERO Long-Term Re{lablht Assessment.
Table 4.4-1 itemizes each external zones base PRIM. purchases. sales and DSM programs by planning
year.
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EB-MHB

BC-PJ1

EKD-1

F-SXO

Tot at

	

15.0% 15.0% 150% 15.0%	 402	 106	 108	 11C	 122

	

12.0% 12.0% 12.0% 12.0%	 908	 308	 308	 308	 308

	

19.3% 20.3% 19.7% 19,7%	 535	 14.833 12.408 10.975 10.975

	

16.7% 18.0 0/, 19.1% 20.0%	 0	 567	 567	 567	 567

13.6 0 '.	 13.6%	 13.6%	 13.6%	 87	 1.275	 1.329	 1.281	 1.541

15.0%	 15.0%	 15.09/0 	15.01311C 	0	 2,249	 2.267	 2,278	 2.302

15.0%	 15.00,C 	15.0%	 15.0%	 1.223	 2.006	 2.195	 2.339	 3.107

3.155	 21,344 19.182 17.858 18,922

Table 4.4-1: External Zones PRM Targets

The historic 7.661 MW value shown in Figure 4.4- was the maximum simultaneous import flow in 2013.
which sets the limit that the model allows into MISO. Other maximum non-simultaneous values from each
of the external zones are also shown. For example. 1.200 MW is the non-simultaneous limit from the
external zone "ExE-SPP. ExE-SPP is also a merged zone. since it is a zone derived from observing the
historical first-tier NSI from six BAs.

Features in the LOLE simulation can simultaneously track the supporting flows up to a zones individual
non-simultaneous maximum flow from a BA (indicated in red in Figure 4.4-2) and also limit the support
amount to a lower level as dictated by the simultaneous sum combinations (indicated by the grouped
simultaneous values in blue font) The 7.661 MW limit in blue font is the overall MISO simultaneous limit.
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2015 LOLE External Ties Model
(NSI Summer Months June-August; Mon-Sat 0800-2300 ESTHE)

Red Font: Non-Simultaneously observed Import Maximum MW
Blue Font: Simultaneously observed Import Maximum MW

Zone
7,661	 Legend:	 Stand alone 1 Tier LBA

Merged 1 51 Tier LBAs
I	 '2,795

Ex A
MRO

Z29B

Ex C
SERC

Ex F
Soco

Figure 4.4-2: MISO first-tier Balancing Authorities with external purchases

4.5 Loss of Load Expectation Analysis and Metric Calculations
Once the GE MARS input files were created. MISO determined the appropriate PRM ICAP and PRM
UCAP for the 2015-2016 Planning Year as well as the appropriate Local Reliability Requirement for each
of the nine LRZs These metrics were determined by a probabilistic LOLE analysis such that the LOLE for
the planning year was one day in 10 years. or 0.1 day per year.

4.5.1 MISO-Wide LOLE Analysis and PRM Calculation

For the MISO-wide analysis. generating units were modeled as part of their appropriate LRZ as a subset
of a larger MISO pool. The MISO system was modeled with no internal transmission limitations with
external transmission ties to MISOs first tier BAs. In order to meet the reliability criteria of 0.1 days per
year LOLE. capacity is either added or removed from the MISO pool. The minimum amount of capacity
above the 50/50 net internal MISO Coincident Peak Demand required to meet the reliability criteria was
used to establish the PRM values.

For the 2015-2016 planning year. MISO had enough capacity to meet a LOLE of 0.1 days per year. In
order to achieve a LOLE of 0.1 days per year. unforced capacity had to be removed from the MISO pool
This was done following an iterative process of removing the units with the smallest unforced capacity

1EI']

' iJOL
,4.100

MHEB I
Ex D	 15,157
IESO

I 3,34

, 3,223	 i	 2,55
I-

1200	 II

Ex E
SPIR

2701

Ex C
pJ ,,I
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until MISO reached a LOLE of 0.1 days per year. The last unit removed was not completely removed but
derated to a point where the reliability criterion was met.

The formulas for the PRM values for the MISO system are.

PRM ICAP = (Installed Capacity + Firm External Support + ICAP Adjustment to meet a LOLE of
0.1 days per year) - MISO Coincident Peak Demand)/MISO Coincident Peak Demand

PRM UCAP = (Unforced Capacity + Firm External Support + UCAP Adjustment to meet a LOLE
of 0.1 days per year) - MISO Coincident Peak Demand)/MISO Coincident Peak Demand

Where Unforced Capacity (UCAP) = Installed Capacity (]CAP) x (1 - XEFORd)

4.5.2 LRZ LOLE Analysis and Local Reliability Requirement Calculation
For the LRZ analysis. each LRZ included only the generating units within the LRZ and was modeled
without consideration of the benefit of the LRZ's Capacity Import Limit. Much like the MISO analysis.
unforced capacity is either added or removed in each LRZ such that a LOLE of 0.1 days per year is
achieved The minimum amount of unforced capacity above each LRZs Peak Demand that was required
to meet the reliability criteria was used to establish each LRZs LRR

For the 2015-2016 planning year. three LRZs had enough capacity to meet a LOLE of 0.1 days per year.
In order to determine the LRR for these LRZs, unforced capacity had to be removed. This 'vas done
following an iterative process of removing the units with the smallest unforced capacity until the LOLE
was 0 1 day per year for the LRZ Typically. the last unit removed was not completely removed but
derated to a point where the reliability criterion was met.

Proxy units of typical size (160 MW) and class average EFORd (5.61 percent) were added to an LRZ
when there was not sufficient unforced capacity within the LRZ to achieve the LOLE of 0 1 day per year.
A fraction of the final proxy unit was added to achieve exactly the LOLE of 0.1 day per year for the LRZ.
Six LRZs were short capacity to meet 0.1 days per year LOLE and needed proxy units added.

The formula for the LRR for a given LRZ (e.g.. LRZ) is:

LRR . = (largest Unforced Capacity rated unit.. + 2 largest Unforced Capacity rated unit + 3L

largest Unforced Capacity rated unit + . including, if necessary, any proxy units) such that
the LOLE = 0.1 day per year

A per-unit LRR was then calculated because the actual demand forecasts will not be known until the 2015
Planning Resource Auction takes place in April 2015.

The formula for the per-unit LRR for a given LRZ (e.g.. LRZ) is:

Per-Unit LRR 2 . = LRR:•! LRZ: Peak Demand in Study Model
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5 MISO System Planning Reserve Margin
Results

5.1 Planning Year 2015-2016 MISO Planning Reserve Margin Results
For the 2015-2016 planning year. the ratio of MISO capacity to forecasted MISO system peak demand
yielded a planning installed capacity (ICAP) reserve margin of 14.3 percent and a planning unforced
capacity (UCAP) reserve margin of 7 1 percent. These PRIM values assume 3.155 MW UCAP of firm and
2.331 MW UCAP of non-firm external support. The non-firm support is determined by running a case
without the external system to establish the Planning Reserve Margin requirement without help from the
external world. The difference between this case and the base case shows the approximate average non-
firm support the MISO system is receiving. Table 5.1-1 shows all the values and the calculations that went
into determining the MISO system PRM ICAP and PRIM UCAP

Table 5.1-1: Planning Year 2014-2015 MISO System Planning Reserve Margins
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5.2 Comparison of PRM Targets Across Six Years
Figure 5.2-1 compares the PRM UCAP values over the last six planning years. The last endpoint of the
green line shows the Planning Year 2015-2016 PRM value

Comparison of Recent Module E PRM Targets

Ii;..

14

1

8.8%	 8.8%

I	
7.3%

6.2%	
7.1%

fliP	 .	 I	 . Ii

Planning Yew

Figure 5.2-1: Comparison of PRM targets across six years

5.3 Future Years 2016 through 2024 Planning Reserve Margins
Beyond the planning year 2015-2016 LOLE study analysis. an  LOLE analysis was performed for the two-
year-out planning year of 2016-2017. three-year out planning year of 2017-2018 and the 10-year-out
planning year of 2024-2025. Table 5.3-1 shows all the values and calculations that went into determining
the MISO system PRM ICAP and PRM UCAP values for those years. Those results are shown as the
red-font values of Table 5.3-2. The years in between were arrived at through interpolation of the results
from the years 2015. 2016. 2017 and 2025- Note that the MISO system PRM results assume no
limitations on transfers within MISO

In future years, MISO sees stability in the PRM UCAP. which is driven by MISOs assumption of constant
LFU in out years. The 2024 PRM UCAP is lower than previous years due to the fact that capacity has to
be added to the MISO system to meet the LOLE criterion of 0.1 days/year. This causes the resource mix
to have a slightly better overall system weighted forced outage rate, which is driving the PRM UCAP
down.
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AISO Planning Reserve Margin (PRM) 
(June 2D16

	

MISO System Peak Demand M',i	 129.367	 130.690	 138.091

	

Time of System Peak (EST)	 8:32016 16:00	 8.22017 16.00	 7:312024 16.00

	

Installed Capacity ,CAP 1,1 1,',' I	 148,909	 150.398	 151.620

Unforced Capacity	 APhMe	 138.598	 140.061	 141.187

	

Firm External Support MW	 3,155	 3.155	 3.155

	

Adjustment to ICAP (M I V;	 4030	 -1953	 2.970

	

Adjustment to UCAP MW	 -3 188	 -3 135	 2.803

ICAP PRM Requirement ( P R1 , 1 	 M'A'	 148,034	 149.595	 157.746 r

	

UCAP PRM Requirement :,PRMRI MW:	 138.565	 140.081	 147.145 i

MISO PRM ICAPI	 14.4°!	 14.5°!	 14.2°/

MISO PRM UCAPI	 7.10/	 7.2°!	 6.6°!
	

rA

Table 5.3-1: Future Planning Year MISO System Planning Reserve Margins

Table 5.3-2: MISO System Planning Reserve Margins 2015 through 2024
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9.

6 Local Resource Zone (LRZ) Analysis - LRR Results

6.1 Planning Year 2015-2016 Local Resource Zone (LRZ) Analysis
MISO calculated the per-unit Local Reliability Requirement (LRR) of Local Resource Zone (LRZ) Peak
Demand for years one. two and three (Table 6 1-1 through Table 6.1-3). The unforced capacity (UCAP)
values in Table 6.1-1 reflect the unforced capacity within each LRZ and the adjustment to UCAP values
are the megawatt adjustments needed in each LRZ so that the reliability criterion of 0.1 days per year
LOLE is met. The LRR is the summation of the UCAP and adjustment to UCAP megawatts. The LRR is
then divided by each LRZs Peak Demand to determine the per-unit LRR UCAP. The 2015-2016 per unit
LRR UCAP values will be multiplied by the updated demand forecasts submitted for the 2015-2016
Planning Resource Auction to determine each LRZ's LRR.

The out year LRZ LRR tables do not include unforced capacity values to maintain the confidential nature
of potential EPA related retirements

Table 6.1-1: Planning Year 2015 .2016 LRZ Local Reliability Requirements

LRR(uC:.	 -.. .-	 I 4 -	 .	 '4	 . '- .	 -

	

Peak Demand	 -	 :: Z S2	 1-•4	 : 1 .101	
•.	 -

	

LRR UCAP per-unit of LRZ	 . -
Peak Demand

Table 6.1-2: Planning Year 2016 .2017 LRZ Local Reliability Requirements

	

LRRU(PJ	 4	 •ç	 :1	 :,	 cc	 :c	 .'..11.	 I	 i:

	

Peak Demand	 1-47	 12 11 50	 717	 :c	 s.ci	 ico	 .:	 IH

LRR UCAP per-unit of LRZ
Peak Demand

Table 6.1 .3: Planning Year 2017-2018 LRZ Local Reliability Requirements

-
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Appendix A: Load Forecast Uncertainty
A.1 LFU Methodology for Planning Year 2015
Since the North American Electric Reliability Corp. (NERO) load forecasting working group disbanded.
MISO adapted the 2011 NERO bandwidth methodology to perform Load Forecast Uncertainty (LFU)
analysis and developed regression models similar to NERO. MISO included historical load data (1993-
2012) to determine MISO LFU and Local Resource Zone (LRZ) LFU. Starting in the 2014 planning year.
MISO South companies were included in the LFU calculation

Forecasts cannot precisely predict the future. Instead. many forecasts append probabilities to the range
of possible outcomes. Each demand projection, for example. represents the midpoint of possible future
outcomes. This means that a future years actual demand has a 50 percent chance of being higher and a
50 percent chance of being lower than the forecast value

For planning and analytical purposes. it is useful to have an estimate of the midpoint of possible future
outcomes. as well as the distribution of probabilities on both sides of that midpoint. Accordingly (similar to
NERO). MISO developed upper and lower 80 percent confidence bands. Thus. there is an 80 percent
chance of future demand occurring within these bands. a 10 percent chance of future demand occurring
below the lower band. and an equal 10 percent chance of future demand occurring above the upper
band

The principal features of the bandwidth methodology include

1. A univanate time series model in which the projection of demand is modeled as a function of past
demand. This approach expresses the current value of the time series as a linear function of the
previous value of the series and a random shock. In equation form, the first-order autoregressive
model can be written as ya+y.+

2. The variability observed in demand is used to develop uncertainty bandwidths. Variability.
represented by the variance of the historic data series, is combined with other model
information to derive the uncertainty bandwidths.

More details about the NERO methodology can be found at NERO Band. dth Methodology.
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A.1.1 Historical Data Used in the Model

For the 2015-2016 planning year. the LFU methodology did not change from the 2014-2015 planning
year. Tables A-i and A-2 list data sources used for calculation of 2015-2016 LFUs.

All Members currently in MISO: 	 All Members Currents
1993-2008	 MISO 2009-2012

Duke Indiana: 1993-2011

BREC: 1993-11/30/2010

DPC: 1993-05/31/2010

MEC. MPW:1993-08/31/2009

Except:

Duke Indiana: 1993-
- 2011

BREC: 2009-11/30/2010

DPC:2009-05/3 1/2010

MEC, MPW:2009-
08/31/2009

Table A-I: MISO North/Central historical load data sources

Zone 9 members excluding EES and Entergy EES 1993-1995 	 Billing data tor b'kl+ALL
SME: 1993-2012	 served by Entergy 1993-2012

EES 2003-2012 EV New Topology	 Billing data for EES 1993-2012

Entergy EES FERC 714 data
1996-2002

SME 1993-2012

Table A-2: MISO South historical load data sources

For Energy Velocity (EV) datasets. hourly loads are prepared by Ventyx (Energy Velocity) where the base
data source for this dataset is FERC 714 form - Part Ill of Schedule 2. The raw data filed for FERC 714
form - Part Ill of Schedule 2 is usually reported at the level of a planning area. However, in some cases.
several load serving entities (LSE) file their load data together as a single entity. resulting in less load
resolution. Where practical. Ventyx separated filed loads into the smaller load entities that have originally
filed load data individually using models developed by Ventyx. Available hourly data was in two
categories of New Topology and Old Topology, Old Topology data was available from 1993-2008 at the
level of Local Balancing Authority (LBA). LSE. or Municipals where the new topology was available from
2003-2011 at the LBA level.

For each of these topologies, the monthly peaks were derived from the LBAILSE hourly loads. Based on
the correlation between old and new topologies, from six years of overlapping data. the new topology was
back casted at a monthly level from 1993 to 2002 for each LBA'LSE. This data, along with the data
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collected from sources other than EV. were summed to get hourly loads for each of the nine LRZs and
MISC to the extent possible. MISC and LRZ monthly peaks were then derived from these hourly loads.
Where calculating at an hourly level was not possible. the data was summed at a monthly peak level.

For Eritergy. since the FERC 714 data is not broken down by state. or MISC LBA. MISC worked with
them to separate the Arkansas portion of the load data from the rest. In order to do that. Entergy provided
MISC with hourly billing load data for Arkansas as well as for the overall Entergy system. Since the
assumptions in this data were different from FERC 714 actual loads. Entergy and MISO agreed to use the
billing data to find the hourly ratio of Arkansas load and apply that to the Entergy FERC 714 submission
to get the appropriate portions. This was agreed to be the best way available to us to split the zone 8
portion of Entergy system from the rest.

MISC collected LBA-level load data to be consistent with 2014 MISO footprint, the list of LBAs is provided
in Table A,1-3. This table provides acronyms for LBAs.

• [.	 Local Balancing A (: 	 (oJ ik'A i	 4iiT:

I	 Dairyland Power Cooperative 	 DPC	 LRZ-1

2	 Great River Energy	 GRE	 LRZ-1

3	 Minnesota Power	 MP	 LRZ-1

4	 Montana-Dakota Utilities Co.	 MDU	 LRZ-1

5	 Northern States Power Co. (XceI) 	 NSP/XEL LRZ-1

6	 Otter Tail Power Co. 	 OTP	 LRZ-1

7	 Southern MN Municipal Power Agency	 SMP	 LRZ-1

8	 Alliant East - Wisconsin Power and Light Co.	 ALTE	 LRZ-2

9	 Madison Gas and Electric Co. 	 MGE	 LRZ-2

10	 Upper Peninsula Power Co.	 UPPC	 LRZ-2

II	 Wisconsin Electric Power Co. 	 WEC	 LRZ-2

12	 Wisconsin Public Service Corp. 	 WPS	 LRZ-2

13	 Alliant West- Interstate Power & Light 	 ALTW	 LRZ-3

14	 MidAmerican Energy Co.	 MEC	 LRZ-3

15	 Muscatine Power & Water	 MPW	 LRZ-3

16	 Ameren Illinois	 AMIL	 LRZ-4

17	 Southern Illinois Power Cooperative	 SIPC	 LRZ-4

18	 Springfield Illinois - City Water Light & Power 	 CWLP	 LRZ-4

19	 Ameren Missouri 	 AMMO	 LRZ-5

20	
Columbia Missouri Water and Light 	 CWLD	 LRZ-5
Department

21	 Big Rivers Electric Corp.	 BREC	 LRZ-6

•1
	 I
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•1

22
	

Duke Energy Indiana	 DUK(IN) LRZ-6

23
	

Hoosier Energy Rural Elec.	 HE	 LRZ-6

24
	

Indianapolis Power & Light 	 IPL	 LRZ-6

25
	

Northern Indiana Public Service 	 NIPSCO LRZ-6

26
	

Southern Indiana Gas & Electric 	 SIGE	 LRZ-6

27
	

Consumers Energy - METC	 CONS	 LRZ-7

28
	

Detroit Edison Co.	 DECO	 LRZ-7

29
	

Entergy Arkansas	 EAI	 LRZ-8

30
	

Central Louisiana Electric Co. Inc. 	 CLECO	 LRZ-9

31
	

Entergy Services, Inc. 	 EES	 LRZ-9

32
	

Lafayette (City of) 	 LAFA	 LRZ-9

33
	

Louisiana Energy and Power Authority	 LEPA	 LRZ-9

34
	

Louisiana Generating/Cajun Electric	 LAGN	 LRZ-9

35
	

South Mississippi Electric Power Association	 SME	 LRZ-9

Table A.1 -3: List of Local Balancing Authorities (LBA)
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A.2 MISO LFU results
Using the methodology discussed in Section A.1 and the data set explained in Section A. the MISO
LFU for the planning year 2015 is 3.8 percent. MISO developed an auto-regression model for each LRZ
and the LFU results are displayed in Table A.2-1 The definitions of the nine LRZs are indicated in Table
A.1-3.

	

- 4aJjU.	 II

	

LRZI	 2.8%

	

LRZ 2
	

4.5%

	

LRZ 3
	

2.9%

	

LRZ 4
	

4.5%

	

LRZ 5
	

4.2%

	

LRZ 6
	

3.3%

	

LRZ 7
	

5.2%

	

LRZ 8
	

4.9%

	

LRZ 9
	

3.1%

Table A.2-1: Zonal LFU results
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7.1

Appendix B: Comparison of Planning Year 2014 to
2015

To compute changes in the Planning Reserve Margin (PRM) target on an Unforced Capacity (UCAP)
basis, from the 2014-2015 planning year to the 2015-2016 planning year. multiple study sensitivity
analyses were performed These sensitivities included one-off incremental changes of input parameters
to quantify how each change affected the PRM result independently. The impact of the incremental PRM
changes from 2014 to 2015 are shown in the waterfall chart of Figure 8-1 and explained in section 8.1 as
well,

MISO System Planning Reserve Margin (PRM) UCAP - WaterFall Chart
PY2014 to PY2015 Planning Reserve Margin

Percent (%)
9.0

8.0

	

+0.4	 -0.5
-0.3	 +0.2 

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0
PY2014	 MlSO IFU Impact	 MISO Load	 MISO Generation External Model

Impact	 Impact	 Impact
PV2015

a-

Figure B-I: Waterfall chart of 2014 PRM UCAP to 2015 PRM UCAP

B.I. Waterfall Chart Details
B.1.1 MISOLFU
The MISO aggregate LFU value for Planning Year 2015-2016 decreased 0.1 percent from the 2014-2015
value. which resulted in an overall decrease to the MISO PRM UCAP of 0.3 percent. Eight of the nine
Local Resource Zone LFU values decreased. which drove the overall MISO aggregate LFU value to
decrease.
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B.1.2 Internal Load

For the 2015-2016 planning year. the MISC Coincident Peak Demand increased by 1.7 percent from the
2014-2015 planning year, which was driven by actual load forecasts submitted for Local Resource Zones
8 and 9. In the 2014 LOLE Study, vendor data was used for MISC South. which was significantly lower
than the demand forecasts submitted by MISC South Load Serving Entities ( . LSE) in November 2013.
These updated forecasts in combination with the number of days the LOLE model experienced demands
greater than 0.95 per unit of Peak Demand (8 in 2014 LOLE study to 12 in 2015 LOLE study) resulted in
a 0.2 percent increase in PRM UCAP.

B.1.3	 Internal Generation

The 2015-2016 planning year LOLE study utilized the 2014 Planning Resource Auction converted
capacity as a starting point for which resources to include in the study. This was to better align the LOLE
study with the Planning Resource Auction to ensure that only resources eligible as a Planning Resource
were included. An exception was made for resources in MISC's March 2014 Commercial Model that
weren't part of the 2014 PRA. but stated in the 2015 OMS-MISO Survey that they would be available in
2015. These resources were also included. All internal Planning Resources were modeled in the Local
Resource Zone in which they are physically located.

Behind-the-meter generation was explicitly modeled as a thermal generator with a monthly capacity and
forced outage rate, which was a change from the 2014 LCLE study where behind-the-meter generation
was modeled as an energy-limited resource.

Lastly. the overall MISC Equivalent Forced Outage Rate Demand (EFCRd) increased 0.4 percent. This
coupled with the two changes above resulted in an overall increase to the MISC PRM UCAP of 0.4
percent.

B.1.4 External Support

Firm external support increased by 52 MW from the 2014 LOLE study to the 2015 LCLE study This
amount 'vas taken from the 2014 Planning Resource Auction. which totaled 3.155 MW of firm external
resources that either submitted a Fixed Resource Adequacy Plan or cleared in the auction.

Additionally. the target PRM for PJM was set based on the reserve margin cleared in the Reliability
Pricing Model. This margin is higher than PJM's Planning Reserve Margin calculated in their Reserve
Requirement Study (RRS). which is similar to MISC LCLE Study. This was used as PJM's PRM target in
the 2014 LCLE Study. This was an improvement from last year as capacity cleared in PJMs RPM has
capacity obligations for the planning year in which it clears.

Non-firm external support also increased due to updated external modeling data and a higher PRM target
used for PJM. This amounted to an additional 431 MW of non-firm external support as compared to the
2014 LOLE study. The total non-firm support seen in the 2015 LOLE study was approximately 2.300 MW.
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Appendix C: Transfer Analysis
C.1: Tier Maps
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C.2: Planning Year 2015-16 Detailed CIL Results

Zone 1—MN and ND
Initial limit 3,376 MW
•	 ii	 I	 I	 i tl ( minty to	 ill),	 -

1b1k
•	 or lirigecit y 8ar 'onì to Atlarrr lb I	 '-

k',	 b.-,i '.ì,c

Redispatched Limit 3,735 MW
R,-li, 1 ,1rr tin-ti 2041

it lAF( ITt tsl, XE1

liHi

-.	 .,

LL

— 140 M__r:T.
i 	t_-rr.c 'nra t

Zone 2—W and MI
Initial limit 2,104 MW
•	 Constraint: Turkey River -

Stoneman 1 61kV
•	 ontinigeruy: A I •,/ 1

RANSFORMF R F Ai 1 1T

Redispatched LImit 2,903 MW
Redispatched 694 MW in WEC,
ALTF, MGE, & AlIW

Multiple operating scenarios during
Planning Year due to upgrade to Lore
- Turkey River - Stoneman 161kV
•	 Most limiting timeframe is after

line upgrade and unit retin ement

•	 Import limit set to expected value

seen durinigsurnrner period after
consideringoutage could end
early

•	 Limit after upgrade and retirement
in d summer SI efl,HIO is much less
(approximately 1,000 MW total

limit after r edispat(h)

Genoa ,/eedsburg

sing /V

Nishan	 \

Sen	
eil Center
	

%irvoo^o

ro'Spnng Greft

Postvilte
en

anks Maynard	

ie

Windsor

i	

Cross Country'-.F
Colladay	 id

fl
DwlIngton - A4

th'tdOO— Libcrt7UqUe	 oc
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Senr
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Zone 3-IA&MN

Initial Imit 726 MW
• Constraint: Palmyra Transformer
• Contingency: Louisa to Sub T to

Hills

R.dlspatch.d Limit 1,972 MW
Redispatched 2,000 MW of
generation in XEL, ALTW, & MEC
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Zone 4-IL

• Monitored Element Tazewel 138/345 kV Xfr I
• Contingent Element Tazewe 138/345 kV Xfr 2
• Redlepatched 2,000 MW in MISO & PJM

(RF)

• Monitored Element Pmyra 161/345 kV Xfr
• Contingent Element Spencer to Montgomeiy

345 kV
• Redlspatched 2,000 MW in NIPS, BREC,

AMMO, AMIL ITCM, MEC

• Monitored Element Rising 345/138 kV Xfr
• Contingent Element Maroa E to Clinton 345

W, Maroa E to Oreana E 345 kV, Maoa E to
Goose Creek 345 kV

Zone 4-IL
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Zone 5-MO

Initial limIt 3,899 MW
• Constraint: White Bluff to Xeo 500

kV
• Contingency: Sheridan to

Mabelvale 500 kV

Current UmIt 3,899 MW
Redispatch results in a more
limiting constraint

Zone 6—IN&KY

Initial limit 5,090 MW
• Constraint: Newton to Casey 345

kV
• Contingency: Casey to Neoga 345

kV

RedIsp.tched limIt 5,649 MW
• Constraint: Neoga to Holland 345

kV
• Contingency: Xenia to Mount

Vernon 345 kV

• Red ispatched 2,000 MW of
generation in METC & AMIL
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Zone 7-MI

• Monitored Element: Battle Creek to Argenta 345 kV
• Contingent Element: Argenta to Tompkins 345 kV
• Redispatched 2.000 MW in WEC & METC

• Monitored Element: Zion EC to Zion Station 345 kV
• Contingent Element: Zion to Pleasant Prairie 345 kV
• Redispatched 2.000 £1W in ALTE. METC. & WEC

• Monitored Element. Cliy Creek to Trimble County
345 kV

• Contingent Element: Rockport to Jefferson 765 kV

Zone 7-MI

Lp.-	 -
1

a

/•_

a,

-
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Zone 8-AR

Initial limit 482 MW	 •1	 ----

•	 . 	 ,..	 •••I	 •
•,s -

•	 tifliii	 ir?nrtr', it

	

s 1 d 	 1(t k

1
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•	 ,	 ,	 t.., Ill., 1I

•

•	 P.nli	 ,'	 k

	

•InI*'I tit	 ii Il \ •'t?t.

( If( (

Zone 9- TX, LA, MS

Current Limit: 3,320 MW

— (onstratnt iun.tton Lit  to Bernice 115 kV

— contingency Mount Olive to H Dorado 500
kV

•	 Current Limit: 3.320 MW

disatch rccults in a more severe limiter
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Initial limit 604 MW

•	 Constraint Lakefield to Dickinson
(ounty 161 kV

•	 Contingency Webster to Lehigh
45/161 kV Transformer

R.dispatch.d Limit 604 MW

Recsoat b rults :n a more

severe limiter

-I

C.3: Planning Year 2015-16 Detailed CEL Results

Zone 1—MN and ND

Zone 2-Wl and Ml

Initial limit 1,167 MW

•	 Constraint. Zion Station to Lion

Energy Center

•	 Contingency: Zion Station to
Ieasant 7rairie

Redispatched Limit 1,516 MW

•	 Redisoatcried 1,188 MW of

generation in WEC, MGE, ALTE &

CE

-	 J!t*JL	 -
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Initial limit 648 MW

•	 C nt'iit Byu'	 Cr'' '' '.'ae

5 kV Red Ci(ut

•	 Contingency. Byron to Cherry

Valley 345 kV Blue Circuit

Redispatched Limit 1,477 MW

Redsaat ?ed 1,610 MW of
ge-iercitjuii in MEC. NIPS, & WE(

Zone 3- IA& MN

Zone 4-IL

Initial limit 4,125 MW

•	 I (II	 .F .111 1	 II	 ''i	 ill	 ?()
M' 	t I,,[ tJ )It l	 l.i) I

k i
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lnital Nmit 2.930 MW

• Constraint: Clifty Creek to Trimble
345 kV

• Contingency: Rockport to Jefferson
765 kV

Current LimIt 2,930 MW

• No redispatch available

Zone 5-MO

Initial hrnàtOMW

• Constraint: Palmyra Transformer

• Contingency: Louisa to Sub T to Hills

R.dlspatch.d Unit 0 MW

• Constraint: Palmyra Transformer

• Contingency: Louisa to Sub I to Hills

Modeling update analyzed after
September 10 meeting modified zone 5
base interchange and available generation
capacity. Model update included modeling
of AMMO resources in their physical
location (Illinois) to align with PRM
calculation. Transfer is initially limited by
constraint listed above, then is limited by
generation.

Zone 6- IN&KY
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Zone 7- MI
Initial limit 4,799 MW

•	 (onstraint: Benton Harbor
138/345 kV Transformer

• Contingency: Benton Harbor to
Cook 345 kV

Redispatched Limit 4,804

•	 Redispatched 53 MW in MET(

and IICT

lU

mi

Zone 8-AR

Initial limit 2,767 MW

•	 Constraint: Hot Springs East to
	 'P(fl9S

Butterfield 115 kV

•	 Contingency: Sheridan to Magnet	 .	 'rs

Cove 500 kV
	

Hot PS \ .ncd7

•-c• Sc. nr Ev
Redispatched limit 3,022 MW

•	 Constraint: Woodviard to Stuttgart
Ricuskey 230 kV 	

Aec

•	 Contingency Keo to West 	
eEa.rSi4

Memphis 500 kV	
a Ncr

• Redispatched 2 , 000 MW in LESEAI

-
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Taps Oanviue

\Oodson

i %nn

/

I
	 Kraft

Cane River

-

Zone 9— TX, LA, MS

Initial Umit 951 MW
- Constraint: Montgome'y to Clarence 230

kV
- Contingency: Montgomery to Winnfield

230 kV

Redispatched limit 3,239 MW
- Constraint: White Bluff to Kee 500 kV
- Contingency: Sheridan to Mabelvale 500 kV
- Redispatched 2,000 MW of generation in

LES & CLEC

-
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Initial limit 1,362 MW

•	 C :nstr iint: fur key River
Stoneman 1 1kV

• Contingency: Seneca — Genoa
lb 1k V

Re-dispatched Limit 3,586 MW

Re-dispatch 2,000 MW in I ft M,
ATE. ALFW, MOE, MEL

Note: Lore fur key River - Stonernan
161 kV upgrade n-service and unit

retired.

C.4: 2016-17 Detailed CIL Results

Zone 1—MN and ND

Initial limit 3,430 MW

•	 (onst r aint. Wo'tn County to ( OfOy

161 kV Line

• Contingency Barton to Adams 161

W fine

Re-dispatched Limit 3,453 MW

•	 Gene'ation 'e-disnatc ned ir MEl.
ITCM, XEL, and GRE.

• Total re-dispatch of 2,000 MW

Zone 2—Wl and Ml
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Zone 3-IA&MN
Initial limit 787 MW

• Constraint: Palmyra Transformer

• Contingency: Louisa to Sub T to
Hills

Re-dispatched 
Limit 

3,711 MW

• Re-dispatch in XEL, ALTW, AMIL
AMMO, & MEC

• Total re-dispatch of 2,000MW
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Zone 4—IL

• Monitored Element Palmyra Transformer
• Contingent Element Montgomeiy to Spencer
• Re-dispatched 2,000 MW

• Monitored Element Oak Grove to Mercer
• Contingent Element Electric Junction to Nelon

345kV
• Re-dIspatched 2,000 MW

• Monitored Element West Point to Lafayette
230W

• Contingent Element Eugene to Caysub 345kV

Zone 4—IL

•;.-:::H-
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Initial limit 4,497 MW
•	 Constraint: Nevton To Casey 345

kV Line

• Contingency: Casey To Neoga 345

kV Line

Re-dispatched limit 5,389 MW
• Re-dis patch applied 2,000 MW of

generation

• Re dispatched generation in MET(

& AMIL

---j	 .. -	 .	 •.'	 I -	 -	 - -	 ç I
-	 .*,.,	 -	 .	 'I	 •,•-;

- -
	 -	 -	

- !— -

-	 -	

-

1:	 ,. ___••; 	•.	 -----'	 ..

7 :	 I.....
 .___•,t,. -..	 /	 - •	 .	 .c._• •_-

r.	 - -..--- -

Zone 5-MO

Initial limit 3,131 MW
•	 Oi.ti.iiii1	 ,Htt	 I.It C) Ktu 'i

k'. lii.
•	 I. orflriefl( Stiidin to

.4t)I.'I ' coci k	 I

Re-dispatched Limit 3,991 MW
•	 Hu Ii.	 1Ii.t ;&rCiJioh

MIL. AMMI

•	 Ht clisp.tch generation total
;' rwii r%iw

Zone 6-IN & KY
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Zone 7-MI

• Monitored Element: Zion EC to Zion Station 3450V
• Contingent Element: Zion to Pleasant Prairie 345kV
• Re-dispatch 2,000 MW in CE. NIPS. DEl. WEC

• Monitored Element: Trimble County to Clifty Creek 345kV
• Contingent Element: Rockport to Jefferson 345kV
• Re-dispatched 2.000 MW in EES. ALTE AMIL. WEC DEl

• Monitored Element: Battle Creek to Argenta 345kV
• Contingent Element: Argenta to Tompkins 345kV

Zone 7—MI
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Coax

I
iSher

 oemather

I

—I.-

Zone 8—AR
Initial limit 0 MW

• Constraint: Montgomery to
Clarence 230 kV Line

• Contingency: Montgomery to
Winnfield 230 kV Line

• Redispatch applied: 2,000 MW of
generation

Re-dispatched limit 2,441 MW

•	 Constraint: Mount Olive to Vienna

• Contingency: Mount Olive to El
Dorado

• Re-dispatch applied 2,000 MW of
generation

•	 Re-dispatched generation in
AMMO, EES, LAGN, & CLEC

Zone 9—TX, LA, MS
Initial limit 3,193 MW

•	 Constraint: Junction City to
Bernice 115 kV Line

•	 Contingency: Mount Olive to El
Dorado 500 kV Line

Re-dispatched limit 3,193 MW

No re-dispatch available

'.r4en 3

pc	
Arcp4

—11 LOUSWVQ

Ce

Aw
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Initial limit 0 MW

FI

•	 I	 I	 ,	 '	 I	 ,	 .11

R

•	 ( C,lIII)(f1 y B; it t	 { Iii-i t

Re-dispatched Limit 350 MW

•	 ?i ' 'I	 Fs	 i-	 1

R1 kV Liii'

•	 ()I,;i1i( It	 ()im p	 if

't1Iv1F'A. i,RE lit M ME	 • ti

Initial limit 867 MW

•	 Jt.-4It	 ',-4'iir

•	 itITII	 .Ii \	 .IiiI	 •'
p1,.	 i	 Pt	 tr

Re-dispatched Limit 1,858 MW

1	 .,If	 ''i	 '

litlIll	 tI 1 \	 7ini	 ,tttiii tii
P j .11t Pt III i

otI geii:t .Ii)I1 1(' (IIcI)a: -cf
4XI

C.5: 2016-17 Detailed CEL Results

Zone I — MN and ND

Zone 2—WI and MI

-
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Zone 3-IA&MN

Zone 4-IL

-.	 - -	 -

Initial Nmft 869 MW

• Constraint: Palmyra Transformer

• Contingency: Montgomery to
Spencer

R.-dlspatch.d Unit 1,983 MW

• Re-dispatch generation in ALTW,
MEC, MPW, & AMMO

• Total generation re-dispatch of
1,184 MW

Initial limit 3,793 MW

• Constraint: Jacksonville -
Westchester 138kv

• Contingency: Meredosia - Alsey
PPI 138kV

Re-dispatched Limit 3,793
No re-dispatch available
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Zone 5-MO

lnitlalImltOMW

• Constraint: Palmyra Transformer

• Contingency: Hull to South Quincy

R.-dlsp.tchid Umit 0 M

No dispatch available

Note: Modeling update analyzed after
September 10 meeting modified zone 5
base interchange and available generation
capacity. Model update included modeling
of AMMO resources in their physical
location (Illinois) to align with PRM
calculation. Transfer is initialy Wrided by
constraint listed above, then is nited by
generation-

Zone 6 - IN & KY
Initial limit 2,360 MW

• Constraint: Lafayette - Westpoint
230kV

• Contingency: Eugene - Clay Sub
345kv

Current Limit 2,360 MW

•	 No dispatch available.



ot pr:ngs iuiic
-•-	 ---- ''

.or\ir	 "N.\RecThr N

HOSPfl4

t4trrsrr.HMagP'

>urt ida

Zone 7-MI

Initial limit 3,399 MW
•	 l(,r.r.,lr	 [',)rir-'	 it

B.fl,1tk\ Lie
•	 tII II kIi( ,' Mr gi

I ili it12. 345kv Ui

Re-dispatch Limit 3,399
', n di;, tih l,l)!t

Zone 8-AR

Initial limit 2,761 MW
•	 I_)'1I.III4 Ho' 	 Est Bu (0

E3uttertiCkl 115 k' Lire
•	 ( oriturigerrt' Y,erid,ift to Mgriet

(Ove 500 kV Line-

Current limit 3,494 MW

•	 P._dipt I ii FF
•	 J W.Ai Rr- (tI'I	 I ) (((N) 1`40,

Ar,CAecc
TZ	 rka'
Arkaceipria N5 Aecc

ex Ea*t S:a 4

ia North
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Co fa

Zone 9-TX, LA, MS

Initial Limit 1.678 MW
-	 •'l	 .1

-	 rtln:.2r:	 .1 c i'':r	 •	 .', nn'el(!

Current limit 2.511 MW
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EF4V 5OkV
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Appendix D Compliance Conformance Table

RI The Planning Coordinator shall 	 The Planning Year 2015 LOLE Study Report is the
perform and document a Resource 	 annual Resource Adequacy Analysis for the peak
Adequacy analysis annually. The	 season of June 2015 through May 2016 and beyond.
Resource Adequacy analysis shall: Analysis of Planning Year 2015 is in Sections 5.1 and

6.1

Analysis of Future Years 2016-2024 is in Sections 5.3
and 6.1

Section 4.5 of this report outlines the utilization of LOLE
in the reserve margin determination.

These metrics were determined by a probabilistic
LOLE analysis such that the LOLE for the planning year
was one day in 10 years. or 0.1 day per year.'

Section 4.3 of this report

Direct Control Load Management and Interruptible
Demand types of demand response were explicitly
included in the LOLE model as resources. These
demand resources are implemented in the LOLE
simulation before accumulating LOLE or shedding of
firm load."

Section 4.5.1 of this report

"The minimum amount of capacity above the 50/50 net
internal MISO Coincident Peak Demand required to
meet the reliability criteria was used to establish the
PRM values."

Covered in the segmented R1.2 responses below.

RI.I Calculate a planning reserve
margin that will result in the sum of
the probabilities for loss of load for
the integrated peak hour for all days
of each planning year analyzed (per
R1.2) being equal to 0.1. (This is
comparable to a one day in 10 year
criterion.)

RI.1.I The utilization of Direct
Control Load Management or
curtailment of Interruptible Demand
shall not contribute to the loss of load
probability.

RI.1.2 The planning reserve margin
developed from R1.1 shall be
expressed as a percentage of the
median forecast peak Net Internal
Demand (planning reserve margin).

RI.2 Be performed or verified
separately for each of the following
planning years

RI.2.I Perform an analysis for Year 	 In sections 5.1 and 6.1, a full analysis was performed
One.	 for planning year 2015.

1.
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R1.2.2 Perform an analysis or	 Sections 5.3 and 6,1 show a full analysis was
verification at a minimum for one year performed for future planning years 2016, 2017 and
in the two- through five-year period	 2024.
and at a minimum one year in the six-
though 10-year period.

R1.2.2.1 If the analysis is verified, the Analysis was performed
verification must be supported by
current or past studies for the same
planning year

Covered in the segmented R1.3 responses below.

Median forecasted load - In section 4.3 of this report:
"For the 2015-2016 LOLE analysis, the hourly LRZ load
shape was a product of the historical load shape used
as well as the 50/50 demand forecasts submitted by
Load Serving Entities (LSE) through the MECT tool."

Load Forecast Uncertainty - A detailed explanation of
the LFU calculations is given in section 43.1 as well as
in Appendix A.

Load Diversity/Seasonal Load Variations - Section 4.3
of this report details the historic hourly load profiles
used with their inherent diversity and seasonal
variations. "Local Resource Zones 1 through 7 used the
2005 historical load shape while zones 8 and 9 used
the 2006 historical load shape. For MISO North/Central,
the 2005 load shape provides a typical load shape for
the North/Central region as well as inherent
conservative external support due to external areas.
With the integration of MISO South, MISO chose to use
the 2006 historical shape as the 2005 shape
represented an extreme weather year for the South
region due to Hurricane Katrina."

Demand Modeling Assumptions/Curtailabte and
Interruptible Demand - All Load Modifying Resources
must first meet registration requirements through
Module E. As stated in section 4.2.6: 'Each demand
response program was modeled individually with a
monthly capacity and energy. which is limited to the
number of times each program can be called upon as
well as limited by duration."

R1.3 Include the following subject
matter and documentation of its use:

R1.3.1 Load forecast characteristics

• Median (50:50) forecast peak load

• Load forecast uncertainty (reflects
variability in the Load forecast due to
weather and regional economic
forecasts)

• Load diversity

• Seasonal load variations

• Daily demand modeling
assumptions (firm, interruptible)

• Contractual arrangements
concerning curtailable/l nterruptible
Demand
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R1.3.2 Resource characteristics:	 Section 4.2. details how historic performance data and
seasonal ratings are gathered, and includes discussion

• Historic resource performance and	 of future units and the modeling assumptions for
any projected changes	 intermittent capacity resources.
• Seasonal resource ratings

• Modeling assumptions of firm
capacity purchases from and sales to
entities outside the Planning
Coordinator area

• Resource planned outage
schedules, deratings and retirements

• Modeling assumptions of
intermittent and energy limited
resource such as wind and
cogeneration

• Criteria for including planned
resource additions in the analysis

A more detailed explanation of firm capacity purchases
and sales is in section 4.4.

R1.3.3 Transmission limitations that 	 Section 3 of this report details the transfer analysis to
prevent the delivery of generation	 capture transmission limitations that prevent the
reserves	 delivery of generation reserves. The results from this

analysis are shown in section 3.3.

R1.3.3.1 Criteria for including	 Inclusion of planned transmission addition assumptions
planned Transmission Facility 	 is detailed in section 3.2.3.
additions in the analysis

RI.3.4 Assistance from other	 Section 4.4 provides the analysis on the treatment of
interconnected systems including	 external support assistance and limitations.
multi-area assessment considering
transmission limitations into the study
area.

72



R1.4 Consider the foIloving resource	 Fuel availability, environmental restrictions, common

availability characteristics and	 mode outage and extreme weather conditions are all

document how and why they were	 part of the historical availability performance data that
included in the analysis or why they	 goes into the units EFORd statistic. The use of the
were not included:	 EFORd values is covered in Section 4.2.

• Availability and deliverability of fuel

• Common mode outages that affect
resource availability

• Environmental or regulatory
restrictions of resource availability

• Any other demand (load) response
programs not included in R1.3.1

• Sensitivity to resource outage rates

-Impacts of extreme weather/drought
conditions that affect unit availability

• Modeling assumptions for
emergency operation procedures
used to make reserves available

• Market resources not committed to
serving load (uncommitted
resources) within the Planning
Coordinator area

R1.5 Consider transmission
maintenance outage schedules and
document how and why they were
included in the Resource Adequacy
analysis or why they were not
included

R1.6 Document that capacity
resources are appropriately
accounted for in its Resource
Adequacy analysis

The use of demand response programs are mentioned
in section 4.2.

The effects of resource outage characteristics on the
reserve margin are outlined in section 4.5.1 by
examining the difference between PRM ICAP and PRM
UCAP values.

Transmission maintenance schedules were not
included in the analysis of the transmission system due
to the limited availability of reliable long-term
maintenance schedules and minimal impact to the
results of the analysis. However, Section 3 treats worst-
case theoretical outages by Perform First Contingency
Total Transfer Capability (FCTTC) analysis for each
LRZ, by modeling NERC Category A (system intact)
and Category B (N-i) contingencies.

MISO internal resources are among the quantities
documented in the tables provided in sections 5 and 6.



IL

R1.7 Document that all load in the	 MISO load is among the quantities documented in the
Planning Coordinator area is	 tables provided in sections 5 and 6: the balance of
accounted for in its Resource 	 MISO Reliability Coordination loads are included
Adequacy analysis	 among the loads in the external Zone 1 ExA MRO of

Figure 4.4-2.

R2 The Planning Coordinator shall
annually document the projected load
and resource capability, for each
area or transmission constrained
sub-area identified in the Resource
Adequacy analysis.

In Section 5 and 6, the peak load and estimated
amount of resources for planning years 2015, 2016.
2017 and 2024 are shown. This includes the detail for
each transmission constrained sub-area.

R2.1 This documentation shall cover 	 Section 5.3 and Table 5.3-1 shows the three calculated
each of the years in Year One	 years, and estimated in-between years, by
through 10.	 interpolation.

R2.2 This documentation shall	 Section 5.3 and Table 5.3-1 shows the three calculated
include the Planning Reserve margin	 years in red-font text.
calculated per requirement R1.1 for
each of the three years in the
analysis.

The 2015 LOLE Study Report documentation is posted
R2.3 The documentation as specified
per requirement R2.1 and R2.2 shall 	

on November 1 prior to the planning year.

be publicly posted no later than 30
calendar days prior to the beginning
of Year One

..........
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Appendix E Acronyms List Table
BA	 Balancing Authority

BPM	 Business Practice Manual

BTMG	 Behind-the- Meter Generation

CEL	 Capacity Export Limit

CIL	 Capacity _Import _Limit

CPNode	 Commercial Pricing Node

CSA	 Coordinated Seasonal Assessment

OF	 Distribution Factor

DSM	 Demand-Side Management
EFORd	 Equivalent Forced Outage Rate demand

ELCC	 Effective Load Carrying Capability

EV	 Energy Velocity

FERC	 Federal Energy _Regulatory _Commission

FCITC	 First Contingency Incremental Transfer Capability

FCTTC	 First Contingency Total Transfer Capability

GADS	 Generator Availability Data System

ICAP	 Installed Capacity

LBA	 Local Balancing Authority

LCR	 Local Clearing Requirement
LFU	 Load Forecast Uncertainty

LOLE	 Loss of Load Expectation
LOLEWG	 Loss of Load Expectation Working Group
LRR	 Local Reliability Requirement

LRZ	 Local Resource Zones

LSE	 Load Serving Entity

MARS	 Multi-Area Reliability Simulation

MECT	 Module E Capacity Tracking
MISO	 Midcontinent Independent System Operator

MOD	 Model on Demand
MTEP	 MISO Transmission Expansio Plan

MRO	 MidwestReliability Organization
MW	 Megawatt

NAESB	 North American Energy Standards Board
NERC	 North American Electric Reliability Corp.

NSI	 Net Scheduled Interchange
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OMS	 Organization of MISO States

PRA	 Planning Resource Auction

PRM	 Planning Reserve Margin

PRM ICAP	 PRM Installed Capacity
PRM UCAP PRM Unforced Capacity

PRMR	 Planning Reserve Margin Requirement

PSS E	 Power System Simulator for Engineering
PSS MUST Power System Simulator for Managing & Utilizing System Transmission

RCF	 Reciprocal Coordinating Flowgate

RPM	 Reliability Pricing Model

RRS	 Reserve Requirement Study

RTO	 Regional Transmission Operator

SERC	 SERC Reliability Corporation

TARA	 Transmission Adequacy and Reliability Assessment

UCAP	 Unforced Capacity
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