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BIG RIVERS ELECTRIC CORPORATION

SUPPLEMENTAL INFORMATION PROVIDED WITH
BIG RIVERS’ ANNUAL FINANCIAL AND STATISTICAL REPORT
PURSUANT TO ADMINISTRATIVE CASE NO. 387 -
A REVIEW OF THE ADEQUACY OF KENTUCKY'S GENERATION
CAPACITY AND TRANSMISSION SYSTEM

Response to Commission Staff’s
Supplemental Information Request
from its Letter dated May 19, 2014

June 2, 2014

Supplemental Item 1) Refer to Big Rivers’ response to Item 7 in its filing
of April 25, 2014.

a. Provide the calculation of the 7.3 percent target reserve
margin used for planning purposes. Include all necessary
narrative descriptions of the steps in the calculation and
the source of all data used in the calculation.

b. When applying the 7.3 percent target reserve margin, does
it refer to the reserve margin required at Big Rivers peak
or coincident to MISO's peak?

Response)

a. The 7.3 percent target reserve margin used for planning
purposes is as specified by MISO for the upcoming planning
year effective June 1, 2014. Details on this calculation are
available in the “MISO Planning Year 2014 LOLE Study
Report” prepared by the Loss of Load Expectation Working
Group, (attached, starting on page 40) and available at:

https://www.misoenergy.org/Library/Repository/Study/LOLE/20
14%20LOLE%20Study%20Report.pdf.

b. The 7.3 percent target reserve margin used for planning
purposes refers to the margin of unforced capacity available
above Big Rivers' peak,

Administrative Case No. 387/ Case No. 2014-00036
Response to Staff Supplemental Item 1
Respondent: Marlene S. Parsley

Page 1 of 2
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1 Executive Summary

Midcontinent Independent System Operator (MiSO) conducts an annual Loss of Load Expectation
(LOLE) study to determine a Planning Reserve Margin Unforced Capacity (PRMycae), Zonal per-unit
Local Rellability Requirements (LRR), Capacity Import Limits {CiL) and Capacity Export Limits (CEL). The
results of the study and its defiverables supply inputs to the MISO Planning Resource Auction (PRA). For
2013, the LOLE study underwent significant aiterations as the integration of the MiSO South region into
the analysis necessitated study process changes.

Key findings and resuits from the 2013 LOLE study include:

A PRMc,p of 7.3 percent being appiled to the Load Serving Entity (LSE) coincident peaks has
been established for the planning year starting June 2014 and ending May 2015

The use of the GE Multi-Area Reliability Simulation (MARS) software for Loss of Load analysis
provided results applicable across the MISC market footprint, while any impacts due to
transmission !imitations will be addressed inthe PRA

This report provides the PRA with the overall 7.3 percent PRMycar requirement, the per-unit LRR
values and the Initial zonal CIL and CEL for each Local Resource Zone (LRZ). The CILs and
CELs may be adjusted within the PRA to assure that the resources cleared in the auction can be
reliably delivered simuitaneously.

In accordance with the MiSO Tariff, the reliability objective of an LOLE study is to determine a
minimum planning reserve margin that wouid result in the MISO system experlencing a iess than
one day loss of load event every 10 years.' The MISO analysis shows that the system would
achleve this reliablility levei when the amount of Instailed capacity available is 1.148 times that of
the MISO system coincident peak.

Zonal-based deliverables ara set forth in the LOLE charter (Table 1.1-1)

MISO PRMycap

7.3%

7.3%

7.3%

7.3%

7.3%

7.3%

7.3%

7.3%

7.3%

LRRUCAP per unit of LRZ Peak
Demand

1.107

1.153

1.147

1.182

1.198

1.118

1.152

1.203

1.124

Capacity Import Limit (CIL) (MW)

4,347

3,083

1,581

3,025

5273

4,84

3,884

1,602

3,585

Capacity Export Limit (CEL) (MW)

286

1,924

1.875

1,961

1,350

2,246

4,517

3,080

3,816

Table 1.1-1: 2014 Planning Resource Auction deliverables

' A one-day loss of load in 10 years (0.1 day/year) is not necessarily equal 1o 24 hours loss of load in 10 years (2.4 hours/year).
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Study Enhancements

For the 2014-2015 planning year, significant changes were made to LOLE study due to MISO South's
integration into MISO. The addition of MISO South added a large amount of generation and load to the
MISO footprint as well as two new LRZ {Figure 1.1-1). Modeling enhancements became necessary in
order to mature and stabilize the planning reserve margin and reliability requirements.

MISO enhanced the LOLE analysis as foliows:

» The adjustment of capacity for a particular study area to meet 0.1 days per year LOLE was
aligned with the MISO Tariff

¢ The Load Forecast Uncertainty (LFU) calculaticn was refined and Improved and the LFU
modeling methodology was Improved for consistency between the MISO and LRZ LOLE analyses

s The amount of external support MISQ can receive In times of need was enhanced so that a more
accurate reflection of this support is modeled

s The transfer analysls methodology used to determine the CIL and CEL values went through many
improvements

All of these enhancements are discussed in further detali throughout this report.

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. Stakeholder review was especially valuable this year as the MISO Rescource Adequacy zonal
construct was Implemented for the second annual PRA as weil as the integration of MISO South.
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2 LOLE Study Process Overview

In compliance with Module E-1 of the MISO Tariff, MISO performed its anntral 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 Resotirce Zone (LRZ)
Peak Demand for the planning year 2014-2015.

In addition to the LOLE analysis, a transfer analysis was performed to datermine Capacity Import Limits
(CIL) and Capacity Export Limits (CEL). The CIL is used in corjunction with the LOLE analysis results In
the Planning Resource Auction (PRA). The 2014-2015 per-unit LRR cap values determined by the LOLE
analysls will be multipiied by the updated LRZ Peak Demand? forecasts submitted for the 2014-2015
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 LRZ's Local Clearing Requirement (LCR) consistent with
Section 68A.6° of Module E-1. Table 2.0-1 shows an example calculation purstiant to Section B8A.6 of
the current effective Module E-1.* The actual effective PRM Requirement (PRMR) will be determined
when the updated LRZ Paak Demand forecasts are submitted In the 2014-2015 PRA and the
simultaneous feasibllity test Is complete, which ensures CIL and CEL valtes are not violated.

Local Resource Zone (LRZ) EXAMPLE Example LRZ FormulaKey

installed Capacity {ICAP) 12,442] (A}
Unforced Capacity (UCAP) 16,326] [B}
Adjustment to UCAP {1d In 10yr)| 50](Cl

Local Refllabliity Requirement (LRR) (UCAP)] 16,376 [D]=[B]+[C)
LRZ Peak Demand| 14,270| (E}

LRR UCAP per-unit of LRZ Peak Demand 114.8%] [FI=[D}/[E}
Capacity Import Limit {CIL) 3,469 [G}]
Capadity Export Limit {CEL) 2.317] [H)

Proposed PRA (UCAP) EXAMPLE Example LRZ Formula Key

Forecasted LRZ Peak Demand 14,270] 1}
Forecasted LRZ Coinddent Peak Demand 13.939] (J}

Local Reliabllity Requirement (LRR) UCAP 16,382] [K}=[F}x[1}

Local Clearing Requirement (LCR) 12,913 [L]=[K]~[G]

Zone's System Wide PRMR 14957} (M) =[1.073}X[J}
Effective PRMR 14,957] [N} = Higher of [L} or [M}
Effective PRM 7.3%| [0)=[N) /[J)-1

Table 2.0-1: Example LRZ calculation

2.1 Future Study Improvement Considerations

The calculation of the 2014 MISO PRM values captures firm external capacity purchases and sales in the
accounting of the Instaiied and unforced capacity values. These firm transactions are treated differently
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for the LRZ LOLE analysls. External sales to PJM Interconnection were derated from the available
capacity In that particular LRZ. However, firm purchases were not modeled as required by the MISO
Tariff. Section 68A.5° of Module E-1 of the MISO Tariff states the LRR should be determined *without
consideration of the LRZ's CIL." MISO realizes there Is an inconsistency here and that there is potential
for possible improvemants in future studies.

The LOLE analysis utilizes a five-year Equivalent Forced Outage Rate Demand (EFORd) value to
determine the PRM end LRR values. This differs from what resources use as their forced outage rate in
the PRA. In the PRA, resources use a three-year XEFORd value, which excludes impacts for outages
that were caused by events Qutside Management Control (OMC). The reasons for these differences can
be discussed for future studies,

Industry standard practice in the adjustment of capacity to meet 0.1 days peryear LOLE istoadd a
perfect negative or positive unit within the model. However, the MISO tariff explicitiy describes a different
methodology in determination of LRZ LRR. Understanding the tariff methodology and possible future
changes to the adjustment methodology should be discussed for future LOLE studies to address any
impact of this Inconsistency.

Currently, the LCR = LRR - CIL, which Is a linear reiationship. Further analysis is needed to refine the
relationship of CIL to LCR. A future goal is to provide a range of LCRs depending on a range of support
available to each zone. Analysis to derive a more representative LCR as a function of CIL should be
investigated.

MISO LOLE analysis utilizes Operating Reserves in the calcuiation of the PRM values rather than hoiding
them aside. In other words, the PRMR does not procure sufficient Planning Resources to hold Operating
Reserves during a LOL event. This assumption should be revisited for consideration in future studies;
Inciuding how other RTOs handle thesea requirements.

The 2014 study modeled ell Network Resources and Energy Resources in the determination of the PRM.
This approach should be validated prior to future studies.

Demand Response and Wind Generation Resource modeling in the LOLE analysis should be revisited
based on the Independant Market Monitor’s (IMM) 2012 State of the Market Recommendations. Modeling
Behind-the-Meter-Generation (BTMG) with an Installed Capacity (iCAP) and its associated forced cutage
rate could be impiemented to align with Capacity Rescurce qualification. Additionally, treatment of wind
resources in the LOLE analysls, and the capacity credit for qualified wind resources shouid be reviewed.

As the CIL and CEL study process matures, MISO expects to identify additional improvements. Possible
improvements for the 2014 study Include:

MISO to create model summaries at the zonal or area leve! to facilitate model review
Setting MISO wind dispatch to capacity credit levels

July 15 effective date for the near-term model

Administration of all changes to models through Model On-Demand (MCD)

Adding Interreglonal coordination requirements at the start of the study
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3 Transfer Analysis

3.1 Calculation Methodology and Process Description

Transfer analysis is used to establish Capacity Import Limits {CiLs) and Capacity Export LImits (CELs) for
Locai Resource Zones (LRZs) in the Planning Reserve Margin (PRM) study for the 2014-2015 planning
year. The objective of this study is to determine how Import capablilty for each zone ¢can potentiaily delay
the build of additional capacity. There were significant enhancements to this year's analysis. This includes
consideration of ali facilities under MISO functional control, regardless of the voltage level, as potentially
limiting and utilizing MISO generation local to & zone for Import limit analyses. For this planning year an
effort was made to more thoroughly document study assumptions, procedures, progress and resuits
through Business Practice Manual (BPM) language and Loss of Load Expectation Working Group
(LOLEWG) meeting materials.

Other improvements to the transfer analysis include the following enhancements, which help more
accurately represent the capacity import and export limlts of each LRZ,

s Excluding additional units from transfer analysis based on machine parameters

* Redispatch options considered for mitigation

s Setting MISO import level to net firm level
An additional improvement was the determination of capacity import and export limits for five-year and
10-year timeframes. These results are useful for planning and indicate what changes can be expected
based on future modifications to the system,

3.1.1 Tiered generation pools

To determine an LRZ's import or export limits, a generation-to-generetion transfer is modeled from a
source subsystem to a sink subsystem. For import limits, the limit Is determined for the sink subsystem.
Import limits are found by increasing MISO generation resources In close electrical proximity to the LRZ
under study while decreasing generation inside the LRZ under study (Figure 3.1-1).

¢ Tier 1 — Generation in the MISO aress with ties to the LRZ under study
e Tier 2 —Tier 1 plus generation In MISO areas with ties to Tier 1

First Transfer —=c=

local Resource 2one -

studied for import hmit

Second Transfer
If no constraints
In First

—==

Figure 3.1-1: Tiered Import lllustration
9
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Import limit studies are analyzed first using Tier 1 generation only. If a constraint Is (dentified, redispatch
Is tested. If redispatch mitigates the constraint completely and an additional constraint is not identified, the
{imit is the adjusted available capacity in Tier 1 pius any base import or minus any base export. Available
capacity must be adjusted to account for changes due to redispatch. If a constraint I$ not identified using
Tier 1 generation only, Tier 2 generation is then considered using the same redispatch process. If
constraints are identified using Tier 1 generation, Tier 2 generation is not needed to determine the zone's
import limit.

Stakehciders voiced concern over the tiered approach; however the following reasons support the
application of this methodology:

s The tiered approach reduces the likeiihood of limits due to remote constraints, which occurred in
previous studies
The prior methodology utilized all MISO and seam-area generation for each import scenario
The tiered approach pools Generation Resources for import studies providing a prudent
transmission limit using only local MISO generation

¢ More accurate representation of the conservative transfer iimits in effect during emergency
situations

The tiered approach was not appiled to export studies. Generation within the zone being studied for an
export imit s being ramped up. Constraints are expected to be near the zone because the generation
being ramped up is in a more concentrated area than import studies.

3.1.2 Redlspatch
Redispatch was completed similarly to redispatch for baselina reliability projects, which is referenced in

Section J.5.1.1 of the Transmission Planning Business Practice Manuai (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 tctal

Nugclear units are excluded

Figure 3.1-2 summarizes the redispatch assumptions for import scenarios.

* BPM 020 ~ Transmission Planning: bifps./www misoenergy ong

10
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MISO
H *
LRZ Under « Tier 1 Redispatch for an import
SUILACH  scenario considers all
hitedll generation in the MISO
redispatch .
footprint to decrease.

*Tler 2 as applicable

IMPORT Redlspatch
Scenarlo

Figure 3.1-2: Import Redispatch Scenario

For Import redispatch scenarios, all MISO generators studled outside of the zone will be considered as
ramped down. Only units in the tier used to [dentify the constraint are considered as ramped up. Initially,
only MiSO generation in the constraint-identified tier was considered to ramp up and down but, based on
stakeholder feedback and MiSO review, this assumption was too restrictive for constraints near zonal
borders. This new process ensures that resources are In the vicinity of the study area. 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 far-away unit by 2 MW. Generation within the Importing zone is decreased,
therefore it is not considered for redispatch.

For export redispatch scenarios, only generation within the zone belng studied Is considered to be
ramped up or down (Figure 3.1-3).

LRZ Under Study

ol opaea e e
o ety e e
ot o vt ot e
oottt e o e

EREEIY DN R

,‘, E£XPORT Redispatch
Scenario

Figure 3.1-3: Export Redispatch Scenario
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3.2 Power Flow Models and Assumptions

3.2.1 Tools used

Siemens PT| Power System Simulator for Engineering (PSS E), Version 32.2.0 and Power System
Simuiator for Managing and Utllizing System Transmission (PSS MUST), Version 11.0.1 were utliized for
the transfer anaiysis.

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’ rellabiiity assessment studies wers used (Table
3.2-1). Single-element contingencies in MISO and seam areas were evaluated in addition to submitted
files.

2014-15 Planning Year | 2013 Summer CSA
5.year-out peak MTEP13 study

10-year-out peak MTEP13 study
Table 3.2-1: Contingency flles per model

PSS MUST subsystem fiies include LRZ, Tier 1 and Tier 2 definitions. Refer to Appendix C for maps
containing Tiers used for this study. The PSS MUST montitored file inciudes all facilities under MiSO
functionai control.

Table 3.2-2 summarizes when the inputs required are available. These dates wili be reasonably
consistent for future studies.

Input(s) Available for LOLE PRM Analyses Date

Appendix A Project Info® September 15, 2012
MTEP 5- and 10-Year Models® February 15,2013
Access Pianning 1-Year Mode!® February 2013
Summer CSA Contingency files May 31, 2013
MTEP NERC TPL contingencies June 2013

Table 3.2-2: Input avaliablilty dates

3.2.3 Power Flow Modeling

Three summer peak models were required for the analysis: 2014, 2018 and 2023. All mode!s were buiit
using MiSO's Model on Demand (MOD) model data repositery, each with an effective date and base

assumptions (Table 3.2-3).

4 Refer to sections 4 3 4 and 43 6 of the Transmission Planning BPM lor more Information regarding MTEP PSS MUST Input files.

Refer |o MTEP Informatlon Exchange Doa.n'nant Pttos: fiwwew, misoenerg .
* information regarding model progress prasented at sub-regional planning meetings
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Load and

Planning Effective
Year Date

Projects Applied External Modeling Generation
: Profile

2014-15 6/172014 Approved MTEP1 A ERAG MMWG Summer Peak
2018 7/15/2018 | Approved MTEP12 A ERAG MMWG Summer Peak
2023 71512023 Approved MTEP12 A ERAG MMWG Summer Peak

Table 3.2-3: Model assumptions
Several types of units had to be modified so thelr participation in transfers wouid be prudent.

s Nuclear units were excluded from all transfers; therefore dispatch changes were not made to
these units

s Must-run, seif-scheduled, system support resources and hydro generating units ldentified using
the MTEP Regional Merit Dispatch file wera also excluded from transfers

e  MISO South Voltage and Locai Reliability units (historically Reilablility Must Run units) had thelr
dispatches fixed per posted operating guides

System conditions such as ioad, dispatch, topology and interchange have an Impact on transfer
capabliity. In addition to the dispatch exclusions, generators with negative Pmin values were modified 8o
that the Pmin was either set to zero or its MCD profile dispatch if that value was negative. This ensured
these units wera not used to transfer power.

Relying on seam araas beyond firm commitments was a drawback of the prior methodology. Net firm
reservations were modeled this year and extemal units were not included In any transfers beyond the firm
ievel, Stakeholders voiced concem about not Inciuding extemals beyond the firm level. MISO belleves the
net firm modeling Is appropriate because thera is no certainty for any non-firm transactions if MISC Is in a
ioss-of-load event. Also, if MISO Is in a ioss-of-load event, It is possible adjacent regions could be as weli.
MISC import levels in the base case will be set to the level of firm transactions.

Stakeholder raview of mode!s and input files was requested through LOLEWG meetings and by notices
sent to these MISC groups: Planning Advisory Committee, Planning Subcommittee and the Reglonai
Expansion Criteria and Benefits (RECB) Task Force. Files were made available on the MTEP fip site.
Feedback regarding transmisslon facliities modeling and ratings was sought.

3.2.4 General Assumptions

PSS MUST uses the power flow model and assoclated input files to determine the import and export
limits of each LRZ by determining the transfer capabllity. Transfer capability measuras the abllity of
interconnected power systems to raliably transfer power from one area to ancther under certain 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 provides Information to caiculate the Total Transfer Capability (TTC), which
indicates the total amount of power able to be transferred before a constraint Is identified. TTC Is the base
power transfer plus the incremental transfer capabiiity (Equation 3.2-1).

Total Transfer Capability (TTC) = FCITC + Base Power Transfer
Equation 3.2-1: Total Transfer Capabliity
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Facilities were flagged as potential constraints for loadings of 100 percent or more of the normal reting for
North American Electric Reilabliity Corporetion (NERC) Category A conditions and ioadings of 100
percent or more of the emergency rating for NERC Category B contingencies. Available capacity in
source subsystems was noted to ensura machine limits were respected in the analyses,

Linear FCITC analysis identifies the limiting constreints using a minimum Distribution Factor (DF) cutoff of
3 percent, meaning the transfer and contingency must increase the joading on the overloaded element by
3 percent or more.

FCITC requires a defined transfer level, which Is the amount of power that will be transferred from the
source subsystem to the sink subsystem. The transfer level is determined by the available export
capability of the source subsystem. This will ensure that machine limits in the source subsystem are not
viclated.

A pro-reta dispatch is used, which ensures all availabie generators will reach their max dispatch level at
the same time. The pro-rata dispatch Is based on the MW reserve avaiiable for each unit and the
cumuiative MW reserve avallable in the subsystem. The MW reserve Is found by subtracting a unit's base
model generetion 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 unit's dispatch is set, given all machine data
for the source subsystem. MISO wind resources are excluded from source dispatch by setting the
maximum dispatch level of each unit to its current dispatch level in the power flow model (Maximum
Dispatch = Unit Dispatch value).

- Reserve MW
Minimum  Maximum (Unit

Dispatch Max

Base
Model

Machine  Unit Unit Unit

. Dispatch  Bispatch :
D'(sw?\?\;)c " mw) (MW) oispam“min)

1 20 20 100 B0

2 50 10 150 100
3 20 20 100 8O
4 450 0 500 50
5 500 100 500 0

Total Reserve 310

Table 3.2-4;: Example subsystem

(Machine 1 Reserve MW)
(Source Subsystem Reserve MW » Transfer Level MW)

Machine 1 Post Transfer Dispatch =

Machine 1 Post Transfer Dispatch = 25.8

80

310100
Machine 1 Post Transfer Dispatch = 25.8

Equation 3.3-2: Machine 1 dispatch calcutation for 100 MW transfer
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3.3 Results

The results for each LRZ consist of a ilst of constraints and thelr corresponding FCITC values up to the
raquested transfer level. The constraint with the smallest FCITC was used to determine the CIL and CEL,
Invalld constraints were identified for several reasons, such as outdated ratings, invalld contingencies,
solution tolerance settings, or assoclated operating guides that mitigate the constraint. The CIL and CEL
ara the TTC of the corresponding limiting constraint. Section 3.5 of the Resource Adeguacy BPM
provides addltional Information regarding how the CIL Impacts the Local Clearing Requirement
calculation. Constraints and associated limits for each planning year wera prasented and reviewed
through the LOLE Working Group. This activity occurred In the meetings that tock place in July through
October 2013,

Initia! results wera presented at the July 17, 2013, LOLEWG meeting. It was later determined that
generation profiles wera inappropriately applied to the mode!. The intent was to align power flow and
prababilistic load and generation profiles. The model used for the July 17 results aligned generation
profiles but did not allgn load profiles between what is submitted In Module E Capacity Tracking (MECT)
too! and Model on Demand. Load and generation profiies are allgned in the Simultaneous Feasibllity
Study completed as part of the auction. The modef was updated using consistent information from Model
on Demand as appropriate for power flow models. This mode! rework resulted in some time delay in
providing updated Capacity Import Limits.

Draft Capacity Import and Export Limits were presented at the September 4, 2013, LOLEWG meeting
with the updated mode!. The details pertaining to the results for each zone ara presented in Appendix C:
Transfer Analysls. During the September 4 L QLEWG meeting much discussion ensued regarding the
tiered approach that had been presented at the June, July and August LOLEWG meetings with requests
for feedback. Feadback recelved in this discussion supported that generation considered for redispatch
scenarios should include ail MISO generation. Previously, the generation considered for redispatch
focused on generation within the source and sink areas. MISO agreed with this feedback and applied it
uniformly for each zone. The zones that wera impacted by this change are zones 2, 3 and 8.

Detailed constraint and redispatch information for all 2014 limits is found fn Appendix C: Transfer Analysis
of this report. A summary of the 2014 Capacity Import Limits is in Table 3.3-1.
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. Figure Initial Generation
Zone Tier g‘;“m‘:‘:"f d g&';g‘%e"‘ 334  Limit Redispatch Details
MapID (MW)"'" MWs Area
] 9 generators in
1 9 4,347 Lime Creek - 161 | Barton = Adams 1 4292 |es ALTW, WPS,
kV 181 kV
and ALTE
10 generators
Turkey River - Genoa - Seneca
2 1 |3,083 Stoneman 161kV | 181 kV 2 2859 | 162 | in ALTW, XEL
and DPC
10 generators
Palmyra 345/181 | Hills—Sub T- In AMMO,
3 1 [1.501 kV transformer Louisa 345 kV 3 0 366 GRE, end
ALTE
Tazewell 345/138 | Tazewell 345/138
4 1 |3,025 KV transformer 1 | kV transformer 2 4 3,025 | Not applicable
Hot Springs EHV Ca
— Arklahamma rpenter — 9 generators in
Wheatland -
Jefferson -
6 1 |48 Estersburg 345 Rockport 765 kV 6 4,834 | Not applicable
Zion Station - ] 10 generators
7 | 2 |3884 |ZionEnergy. | bleasant Fraine - 7 | 2587 (318 |inNIPS, WEC,
Center 345 kV and AMIL
10 generators
Vienna — Mt Qlive | Mt Qllve - in CLECO,
B 1 1 11602 | jiskv Eldorado 500 kV 8 578 | 678 | AMMO, end
EES
Walnut Grove - Parryville - Baxter
9 1 |3.,585 Swartz 115 kV Wiison 500 kV 8 3,585 | Notepplicable

1% The 14-15 Limit represents the limit after redispatch has been conskiered,

"' The Initial Limit represents the Iimit bafore considering redispatch,
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Table 3.3-1: Planning Year 2014-2015 Capacity Import Limits
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Flgure 3.3-1: 2014 CIL map
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Tiers were not applied lo export scenarios; exports were evaluated from the zone under study to the
MISO footprint. Table 3.3-2 summarizes the 2014 Capacity Export Limits.

Figure Initial Generation
Monitored Contingent 3.3-2 Limit Redispatch Details
Element Element IUllSp (MW) MWs Area
10 generators
Lakefield - Webster 345 kV
1 128 | picxinson 181kv | Station 1 |48 |515 Lnnggﬁb NSP,
10 generators
Zion Station - Zion
Pleasant Prairie - in NIPS,
2 1,024 E\r’iergy Canter 345 Zion 345 kV 2 1,371 | 318 WEC, and
AMIL
OCak Grova - Nelson - Electric
3 1.875 Galesburg 181 kV | Junction 345 kv 3 1.875 | Not Applicable
4 |1,081 |gontae-toreto | a5 p014 1 5" 4 | 1,81 | NotAppiicable
10 generators
Palmyra 345/181kV | Hills - Sub T - Loulsa
5 1,350 Transformer 245 kY 5 793 238 Icr:l ngio and
Amo - Edwardsport | Gibson - Wheatiand
8 2,248 345 KV 245 KV 8 2,248 | Not Applicable
Benton Harbor
7 | 4517 | 3451138 kv Deon Harbor-Cook | 7 1 4,517 | Not Applicable
Transformer
Russellville East - Arkansas Nuclear
8 | 3,080 | RusseilvilaNoth | one - FL Smith 500 8 |3018 |674 IB 9;‘,"""“’
161 kv kv n
10 generators
Winnfield 230/115 Montgomery -
® | 3818 | \wTranstormer | Clarence 230 kv § 2081 852 | InEES, SME,

Table 3.3-2: Planning Year 2014-2015 Capacity Export Limits

1

Close 272260 PONTIAC; B 138 272261 PONTIAC; R 13821
Open 270717 DRESDEN; R 345 270853 PONTIAC; R345 1
Open 270853 PONTIAC; R 345 275210 PONTIAC;2M 138 1
Open 272281 PONTIAC: R 138 275210 PONTIAC:2M 138 1
Open 275210 PONTIAC; 2M 138 275310 PONTIAC; 2C34.5 1
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Filgure 3.3-2: 2014 CEL map

3.3.1 Out-Year (2018 and 2023)

This is the first LOLE PRM study that contains out-year transfer anaiyses, and targets the years 2018 and
2023. The goal of providing this Information Is for long-term pianning purposes. Out-year constraints wili
be considered in the development of the MISO Transmission Expansion Plan and presented at Sub-
Regional Planning Meetings. These results may indicate how changes in available capacity and the
transmission system impact CELs, CILs and Local Ciearing Requirements (LCR).

The transfer study methodology for the near-term and out-year studies are the same, except redispatch Is
not applied in the out-year studies since they are indicative of fimits the LOLEWG may see in the future.
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The 2018 out-year scenario included MTEP Appendix A projects through MTEP12 with In-service dates
by July 15, 2018. Impactful projects include Multi-Value Projects that are estimated to be in service within
this time frame. The projects highlighted in yellow In Figure 3.3-3 are in service in 2018.
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Figure 3.3-3: MVPs In service In the 2018 out-year scenario
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Out-year 2018 CIL were originally presented at the September 16, 2013, LOLEWG meeting. Import Limits
for zones 2, 3 and 6 were updated in the Qctober 2. 2013, LOLEWG meeting. On October 4, the
LOLEWG was informed of updated limit calculations, which were made due fo the inadvertent exclusion
of certain data. The detalls are also posted with the Qctober 2 2013, LOLEWG meeting materials. Table
3.3-3 summarizes the 2018 CIL and the detailed results are in the Appendix.

Figure

Zones Tier Monitored Element Contingent Element 3.3-4 Map
ID ‘

1 | 2 | 3551 | LimeCroek=-Worth County 161 kv | Adams —Michell County 345 1
2 1 2,437 | Turkey River = Stoneman 181 kV Seneca - Genoa 161 kV 2
3 2 5085 | Sub 3458 —Nebraska City 345 Sub 3455 = Sub 3740 345 kv 3
4 2 11,662 gl:sgairr;sng:s!on limit - vatue reflects generation in Tiers 1 & 2 plus N/A
5 2 3,485 | White Bluff — Keo 500 kV Sheridan ~ Mabelvale 500 kV 4
8 1 4,874 | Wheatland - Petarsburg 345 kV Jefferson - Rockport 765 kv 5
7 | 2 | 2922 |Ziontation=ZionEnergy Center | pioagant prairie - zion 345 kv 6
8 1 1,110 | Winnfield = Jeld Wen 115 Hartburg = Mt Olive 500 kV 7
9 1 3,072 | Dodson - Jeld Wen 115 kV Hartburg — Mt Olive 500 kV 7

Table 3.3-3: 2018 Capacity Import Limits
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Figure 3.3-4: 2018 CIL map
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Out-year 2018 CEL were originally presented in the Qctober 2, 2013, LOLEWG meeting. Updated resuits
were provided on October 4, 2013, and remaining updates were presented at the Qctober 21, 2013,
LOLEWG meeting. Similar to the 2014 results, tiers were not considered for 2018 export scenarios. Table
3.3-4 summarizes the 2018 CEL.

Monitored Element Contingent Element
1 2,499 Briggs Rd = Mayfalr 161 kV Briggs Rd - LaCrosse — Genca 161 kV 1
2 1.582 Zion Station — Zion Energy Center 345 kV Pieasant Prairie — Zion 345 kV 2
3 2,983 Cordova — Nelson 345 kY Quad Cities - H471 345 kV 3
4 3,010 | No transmission limit — value reflects available generation in zone plus base export N/A
5 2,181 No transmission limit - value reflects avallabie generation in zone pius base export N/A
Cayuga — Frankfort 230 kV and
€ 1,638 | Lafayette — Tricounty 230 kV Frankfort 230/68 kV transformer 4
7 4813 Benton Harbor 345/138 kV transformer Benton Harbor - Cook 345 kV 5
8 2,180 Buttarfield (Wood!awn Rd) - Haskell 115 kV | Sheridan - Mabelvale 500 kV 8
8 2,205 | Winnfield 230/115 kV Montgomery - Clarence 230 kV 7

Table 3.3-4: 2018 Capacity Export Limits
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4
L

Flgure 3.3-5: 2018 CEL map

The 2023 out-year scenario included MTEP Appendix A projects with in-service dates by July 15, 2023, A
more detalled review of the 2023 mode! was required due to generation assumptions in 10-year-out
planning models for extemal areas. Through the review, additional generation without associated
fransmission facilities was found in the ComEd Co., Louisville Gas end Electric Co. and Tennessee Valley
Authority systems. MISO believes that through increased interregional coordination through the FERC
1000 effort It will be able to expedite the out-year mode! review in the future. Also, as documented as a

future improvement, MISO intends to start more in-depth coordination with extemal areas at the onset of
the study.

Out-year 2023 CIL was originally presented in the Qctober 2, 2013, LOLEWG meeting for a subset of

zones. Remalning iimits and updates were presented at the October 21, 2013, LOLEWG meeting. Table
3.3-5 summatrizes the 2023 CIL and the detalled results are in Appendix C: Transfer Analysis.
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Zones Tier Monitored Element Contingent Element

1 1 2,805 | Lime Creek —Worth County 1681 kV Adams — Mitchell County 345 kV 1

2 1| 1257 | Lockport - Kendall 345 kVblue circutt | Lokport —Kendall 345 kV red 2

3 1 1,017 | Maywood — Spencer 345 kV Meredosia — Pawnee 345 kV 3

4 2 11,339 Il;lnopg:nsmlsslon limit - value reflects generation in Tiers 1 & 2 plus base N/A

5 | 1 | 4278 | Perryville - Grand Tower 138KV S ey e Hildet |
Benton Harbor 345/138 kV

8 1 4514 transformer Benton Harbor — Cook 345 kV 5

7 2 253 Dequine — Meadow Lake 345 kV Dequine — Meadow Lake 345 kV 6
circult 2 cirouit 1

8 1 1,084 | Winnfield — Jeld Wen 115 Hartburg — Mt Olive 500 kV 7

9 1 | 4050 | Coly500230 kV transformer Fancy Paint 230/500kV 8

Table 3.3-5;: 2023 Capacity Import Limits
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Figure 3.3-6: 2023 CIL map

The out-year limit tables will be presented at the appropriate sub-regional planning meetings. It wiil then
be determined if further analysis Is required.

The 2023 constraint for Zone 3's CIL was not identified as limiting for any other transfer and is
significantly more limiting than 2018's constraint. The main difference between the 2018 and 2023
scenario causing this difference is generation dispatch specific to that area. Several hundred megawaltts
of generation dispatched in the 2023 model that interconnected in the area of the constraint were offiine
in the 2018 model.

Zone 7's 2023 CIL is significantly mora Timiting than 2018. The constraint is in PJM's system and has
been Identified In prior MISO studies including MTEP13 NERC Transmission Planning (TPL) analyses,
The monitorad element Is approaching its limit in 2018 and 2023 without the transfer. It was not Identified
as the iimiting constraint in 2018 bacause the base flow is less than 2023; however in 2018 the post-
contingent flow is still approaching the iimit. One major difference between the 2018 and 2023 power flow
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models that could be causing the base fiow differences is generation dispatch ievel in Zone 7, which is
much higher in 2023. This causes Zone 7 to be an exporter, while it Is an importer in 2018. Only one
additionai generator was found in the 2023 mode!, so the additional dispatch was primarily due to
increases In dispatch of units offline In 2018 and online in 2023,

A potential improvement for subsequent studies is for MiSO to provide medej summaries by zohe or area,
The intent of the summary is o ald in the identification of modeling concemns by the reviewing
transmission owner. This Improvement will Identify modeling concemns eariy In the study so they can be
resolved before final posting of the report, which wili ensure the appropriate constraints are reviewed in
the Sub-Regional Planning Meetings,

Out-year 2023 CEL was criginally presented in the October 2, 2013, LOLEWG meeting for a subset of
zones. Remalning fimits and updates were presented at the QOctober 21, 2013, LOLEWG meeting. Table
3.3-6 summarizes the 2023 CEL and the detailed results are in the Appendix C: Transfer Analysls,

2023

Limit Monitored Element Contingent Element

(MW)
1 1,203 No transmission limit - value reflects availabie generation in zone plus base export N/A
2 1.199 No transmission limit - value reflects available generation in zone pius base export N/A
3 3,482 No transmission fimit - value reflects available generation in zone plus base export N/A
4 1808 | Loretto - Witton 345 kV | Pontiac = Dresden 345 kV 1
5 1,771 No transmission limit - value reflects avaiiable generation in Zone pius base export N/A
8 1,020 No transmission limit - value reflects available generation in zone minus base import N/A
7 3,895 Plano - Electric Jct. 345 kV blue circult Plano - Electric Jct. 345 KV red circuit 2
8 284 | Russelville North - Russleville East 161 kv | Arkensas Nuciear One - Ft. Smith 3
g 321 | Russelvile East - Russieville South 161kv | rkereas Nuclear One - Ft. Smith 3

Table 3,3-8: 2023 Capacity Export Limits
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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 system's reliability based on any number of Interconnected
araas. GE MARS calculates the annual LOLE for the MISO system and each Local Resowce 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 supponrt,

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 {0 determine how certain varlables impact
the results. The base case models determine the MISO PRMcap, PRMycap and the Local Reliability
Requirements (LRR) for each LRZ for years one, five and 10.

4.2 MISO Generation
4.2.1 MISO Midwest
Thermal Units

MISO's PowerGADS Is the source for much of the data used In the PRM study. PowerGADS provides
unit specific information such as:

Generator Verification Test Capacities (GVTC)

Monthly Net Dependable Capacities (NDC)

Unit Forced Outage Rates (EFORd and XEFORd as defined by IEEE 762)
Planned Maintenance F actor (average number of events and duration)

Thermal units are only Included in the study If they have 2 Commercial Pricing Node (CPNode) (March
2013 Commerclal Model) and are not on 2 long-term outage. The GVTC values, along with the monthly
NDC values, are used to determine the capaclty profile for each unit except in cases where a unit Is new
to the commercial model. New units used the commercial model Pmax value for each month's capacity.
The utility submitting the data into MiSO's PowerGADS along with the CPNode assoclated with each unit
help determine which LRZ the unit should be included.

Forced outage rates and planned maintenance factors were calculated over a five-year period (January
2008 to December 2012) and modeled as one value. Some units did not have five years of historical data
in PowerGADS, but If they had at least 12 months of data then unit-specific Information was used. [f a unit
had less than 12 months of unit-specific data in PowerGADS, 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 a North American Electric Reliability Corp. (NERC) class average
forced outage rate was used.
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Nuclear units have a fixed maintenance schedule, which was pulled from Ventyx PowerBase and was
modeled for each of the study years.

Sales

This year's 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 2,721 MW for
Planning Year 2014-2015 and 2,877 MW for Planning Years 2018-2019 and 2023-2024.

Attachment Y

Generating units that have filed suspensions or retirements (as of June 5, 2013) through MISQ's
Attachment Y process and have been approved are accounted for in the LOLE analysis. Future
retirement and suspension dates are added to the modei and the unit was retired or suspended as of the
Attachment Y date. Suspensions coming back online during the study period were aiso accounted for with
an Installed date set at the suspension end date,

Future Generation

Future thermal generation and upgrades were added based on unit information in the MISO Generator
Interconnection Queue. Only units with & signed Interconnection agreement (as of July 1, 2013) were
inciuded In the LOLE model. These new units were assigned class average forced outage rates and
pianned maintenance factors based on their particular unit ciass. Units that were upgraded during the
study period reflected the MW increase for aach month beginning the month the upgrade was finished.
Future wind generation was not included in the LOLE analysis.

Intermittent Resources

intermittent resources such as run-of-river hydro, biomass and wind were explicitiy 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 historicai summer output data during hours ending 15:00 EST through 17:00 EST.
This data is averaged and modeled in the LOLE analysis as unforced capacity for all menths. Each
individua! unitis modeled and put in the coresponding LRZ.

Each wind-generating CPNode received a capacity credit based on its historical output from MISO's top
eight peak days in past years. The megawatt vaiue correiating to each CPNode's wind capacity credit
was used for each month of the year. If & unit was new to the commercial mode! and did not receive a
wind capacity credit as part of the 2013 Wind Capacity Credit analysis, then that unit was given the
MiSO-wide wind capacity credit of 13.3 percent as established by the 2013 Wind Capaclty 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. This vaiue was applied to the maximum capacity value in the commerciai mode!
and used for all months In the year. Aggregate megawatt vaiues for wind generating units are then
determined for MISO and each LRZ. The detailed methodology for estabiishing the MISO-wide and
individual CPNode Wind Capacity Credlts can be found In the 2013 Wind Capacity Credit Report.
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Load Modifying Resources

Behind-the-meter generation and demand response data came from the Module E Capacity Tracking
(MECT) tool. These resotirces were explicitly modeled as energy-limited resources. Behind-the-meter
generation Is modeled as monthly unforced capacity with 8 monthly energy and aggregated by LRZ.

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.

4,22 MISO South

The 2014-2015 planning year LOLE analysls incorporated MiSO South for the first time, as that reglon
wili fully Integrate into MISO in December 2013. MiSO South companles were asked to submit up to five
years (January 2008 o December 2012) of data Into MISC's PowerGADS. For the companies that
submitted at least 12 consecutive months of data ending with December 2012, unit-specific Information
was used In the LOLE model. Approximately 80 percent of the MISO South units used unit-specific
Information and the other 20 percent received class average forced outage rate and planned
malintenance factors.

Summer Installed capacity values that were submitted Into PowerGADS along with NDC values were
used to determine the monthly profiles for each unit. If a unit did not submit any information into
PowerGADS, then the summer installed capacity value was assumed for all months.

In future years, MISO expects to more accurately model MiSO South units with actual unit-specific GVTC
and forced outage rate information for nearly ali of MISO South, Also, behind-the-meter generation and
demand response wili be modeled In future years because that Information wili be submitted in the MECT
tool. This Information was not avallabie at the time of the 2014-2015 LOLE analysis.

4.3 MISO Load Data

For the 2014-2015 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 Entitles (LSE) through the MECT
tool. Demand forecasts for MISO South were pulled from Ventyx PowerBase since the data was not
avallable to MISO at the time of the analysls. In future years, the LOLE analysls wil utllize demand
forecasts submitted through the MECT tool for all of MISO.

The non-coincldent peak demand forecasts (with transmisslon losses) by LSEs were aggregated by their
respective Local Balancing Authorities (LBA) and appiied to the LBA's historical load shape in GE MARS,
LRZs 1 through 7 used the 2005 historical load shepe whife zones 8 and 9 used the 2006 historical load
shape. For MiSO Midwest, the 2005 load shape provides a typlcal load shape for the Midwest region as
well as inherent conservative extenai support due to external load shapes. With the integration of MISO
South, MISO chose to use the 2006 historical shape as the 2005 shape represented an extrema weather
year for the South region due to Hurricane Katrina. In GE MARS, MISO utliized the ability to input monthly
peaks, which MARS used to modify the historicai ioad shape accordingly In order to adhere to the
monthly peak forecasts that LSE's submitted. These are shown as the MiSO System Peak Demand In
Teble 5.1-1 and LRZ Peak Demand tn Table 6.1-1,
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Direct Controi Load Management and interruptible Demand types of demand response were expiicitly
inciuded 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 epplied to base 50/50 ioad
forecast to represent the various probabllistic load levels. With transition into Moduie E1 in 2012, MISO
determines two separete requirements: Locai Reliability Requirement (LRR) for each zone as weli as an
overell MiS O-wide Planning Reserve Margin (PRM).

* In 2012, MISO began calculating LFU for each Local Resource Zone (LRZ} to derive the LRR by
applying the NERC Bandwidth Method to associated zonal historic demand.

¢ In addition to that, a MiSO-wide LFU was calculated and applied to an aggregate MiSO load
shape to determine 2 MiSO-wide PRM. in the current LOLE study, enhancements were made to
this LFU determination.

Through this year's analysis resuits, # was determined that aggregating the MISO-wide footprint
(Ineluding MISO South) into one load shape was no ionger prudent in derivation of the MiSO-wide PRM
given the iarge geogrephic footprint. This Is because a MiSO-wide LFU appiled to every ioad In MISO,
regardiess of its unique LFU and geogrephic iocation, misrepresents the locai uncertainty in demand. The
misrepresentation of iocai uncertainty In demand is ampiified when applying the oid method to such a
large geogrephic area.

Historically, LFU for the MiSO Midwest reglon had been around 4 percent; this year an LFU of 3.8
percent was calculated for this region. However, with the addition of MiSO South companies, the LFU
calculated using the old approach of aggregation into one load shape resuited in about a 3 percent MISO-
wide LFU. Due to cancelation effects, the overail uncertainty is inherently dampened with the older
approach as two large geographic areas with seemingly different weather pattems combine. Lower
procured capacity results from statistically derived lower aggregation, which misrepresents reilabiiity need
in different parts of the system unigue to those geographic regions.

MISO identified a new modeiing technique, which connected each Local Resource Zone to & centrai hub
with infinite ties. This enabled MISO to model each LRZs demand and generation uniquely. Use of this
method to derive the MiSO-wide PRM better aligns with the zonal construct. The resuiting LFU through
modeling in a probabilistic mode! was determined to be 3.9 percent for the aggregate MISO footprint,
which s In line with previously derived LFU, Further detalls of this determination are discussed later in this
section. The 3.9 percent compares closely with previously estabilshed LFUs by NERC for its Regionali
Entity's respective footprints. The LFU for RellabilityFirst Corp. (RFC) was 5.0 percent; SERC Reliabiity
Corp. (SERC) was 3.3 percent, and Midwest Reliability Organization (MRO) was 4.6 percent.

The new method ensures that Local Resource Zone Locel Rellabllity Requirement Is estabiished in sync
with MISO-wide PRM using the same model and appiying the same zonal LFUs. Modeiing the more
grenular zonal LFU values appropriately appiles each LRZ's LFU to that LRZ's load, which was not
previousiy captured by applying one MISO LFU value for each LRZ. This appiication of LFU more
accuretely reflects the uncertainty impacts of each LRZ's geogrephic area.
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In this new methodology, MARS appiied 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 50/50 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.

MISO compared this year's methodology and that of previous years. in this comparison, MISO appiied
one common LFU value to every zone using this year's method and applied the same LFU value to the
overali MISO system In the old methods. Then, the 50/50 load was driven away by three standard
deviations in each method and verified that the results of both methods were the same, In other words,
MiSO validated that MARS does not treat a modei with zonal LFU any different from a model with & single
system wide LFU); as iong as the LFU values are all set to be the same.

Zones LFU
LRZ 1 29%
LRZ 2 4.5%
LRZ 3 3.0%
LRZ 4 47%
LRZ & 44%
LRZ ¢ 3.5%
LRZ7 5.3%
LRZ 8 5.0%
LRZ 9 3.2%

Table 4.3-1: 2014 Local Resource Zone LFU

As discussed previousiy, MISO back-calculated the system wide LFU equivalent to MISO's current zonai
methodology to be about 3.9 percent. In this calcuiation, the 50/50 houriy 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 MiSO hourly ioad and the overali LFU for every hour was
calculated. The average of these hourly MiSO LFUs was about 3.9 percent. This calcuiation showed that
the MISO Midwest LFU in the old method (3.8 percent) Is aimost the same as what thelr effective LFU is
In the new methodology (3.9 percent). This also valldated MISO’s belief that it was unrealistic to reduce
the MISO Midwest LFU as a result of MISO South Integration, knowing the fact that transmisslon limits
exist between the two regions.

MiISO also performed LFU sensitivity analysis to examine its effect on the Pianning Reserve Margin
Requirement. Figure 4.3-1 shows the LOLE &analysis for MiSO with varying LFUs and their corresponding
PRMs. These cases wera studied for the MISO system as an island with no tles to the externa! world.
MiSO concludes that for the LFU ranges of 3 percent to 4 percent, a 1 percent increase In LFU
contributes to an increase of about 2 percent in PRMycap.

33



MISO 2014 LOLE Study Report November 1, 2013

R isolate MISO System LOLE Cases Varying LFU
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Figure 4.3-1: MISO system with varylng LFU

Going forward, MISO will start an LFU task forcefteam to discuss improvement areas for LFU calculation
such as:

¢ Capturing the weather uncertainty portion of LFU as well as the weather comrelation between
zones

+ Enhance MARS to do Monte Carlo simulation for load based on uncertainty correlation between
zones

+ Connecting LFU with different futures

More details about the LFU methodoiogy are provided In Appendix A: Load Forecast Uncertainty.

4.4 External System

The 2014 LOLE study made several enhancements to the external systam modeiing compared to the
2013 study methodology while stiil maintaining the general framework. The LOLE study utilized an
external model with seven external zones. in order to determine an appropriate level of support that MISO
couid 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 2012 Historical Net Scheduled
Interchange (NSi) data. MISO South companles provided the NSI data separately since they had not
integrated into MISO at the time of the LOLE study. This data was merged with the MISO Midwest NSI
data to determine the total tle capacity vaiues to each externa! zone. The LOLE mode! probabilistically
determines reasonable externai assistance and reduction in the PRM from being interconnected to
external entities.
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4.4.1 Development of the Extemal Model Import Tie Capability

The total tie imits for the externai model were derived from observing the hourly historicai maximum NS
between MISO and each first-tier baiancing authority (BA) during NAESB deslgnated 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 accurateiy reflects available externai supportin a
MISO peak demand scenario when a ioss of ioad event is most likely to occur. The 2012 NSi data was
analyzed for the 2014-2015 LOLE analysis. The 17 first-tier BA's historicai NSI values were merged Into
seven equivaient extemal zones that wouid mirror iimits to adjacent Regional Transmission Operators
(RTO), power pools, or Reliability Coordinators. Figure 4.4-1 shows the BA breakdown of these seven
external zones and further breaks down the externai purchases coming inte MISO by LRZ. When
determining the MISO PRM, all external purchases are modeled as firm non-curtailable contracts from the
respective externai zone to MISO. MARS wili account for the firm contracts when calculating available
fiow on the tie iines. in the LRZ LRR model, external purchases are not modeled as the zone is treated as
an island. The UCAP values shown in Tabie 6.1-1 only refiect generation that is internai to that zone and
does not account for generation claimed from outside MISO,

External  External
fone  Resources NERC  Prevalling 2012 17 MiSO 1st Tier Balancing Authoritles Reflecting 2014
Number  {MW)  Acronym Footprint

Zonel 405.7 WAUE Western Area Power Administration - UGPR East
Zone 2 1,403.2 MHEB  MHEB, Transmission Services
SPC SaskPower Grid Control Centre

Zone 3 529.7 PIM  PIM Interconnection
Zoned ONT  Ontarlo -Independent Electricity System Operator
Zone S WR  Westar Energy/Missourl Jolnt Municlpal Electric Utllity Commission
24.9 SPA  Southwestern Power Adminlstration
14.2 SPP  Southwest Power Pool [Includes other SPP BAs of NPPD, OPPD, and LES)

CSWS  AEPW - American Electric Power Company West
(formerly Central and South West Services)
OKGE  Oklahoma Gas and Electric Company
EDE  Emplire District Electric
SEC!  Sunflower Electric
Zone 6 SOCO  Southern Company Services, Inc.
Zone? 114.0 LGEE Loulsville Gas and Electric
218.0 TVA  Tennessee Valley Authority ESO
393.6 EEl Electric Energy, Inc.
AEC  Appalachlan Electric Coop.
AECl  Assoclated Electric Cooperative, Inc.

Total 3,103.3
Figure 4.4-1; MISO first-tler Balancing Authoritles with external purchases
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Figure 4.4-2 summarizes the maximum hourly import and export scheduies to each of the seven extemal
zones, The "MISO Coincident” column represents the coincident summation of the seven extemal zones,
and therefore represents the overall MISO NSI. The study does not utilize the export values indicated by

the black bars.
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(Mon-Sat 0800-2300 ESTHE)
Import and Export Limits for 7 External Zones and Grouped Limits
For Monitoring in GE MARS reflecting 2014 Footprint
5000 | 7 RERE NIE FlE[E[R
4,000 5 g ~ | 1 § g o A o 5 °
3,000 1
2,000 1
D
2,000 1
=3,000 -
4,000 -
m: B Non-Coincident Exports
<7,000 - ® Non-Colncldent imports
8,000 -
9,000 1 .
-10,000 1 o ~ o o a 3 &
ww] 8565388 8 8 )28/ 838
+12,000
by e d » * e [ A Ay * » A A »
<& <& < <& <& <& <& -~ " > > " >
F & 8Tl Y

Figure 4.4-2: 2012 Net Scheduled Interchange (NSI} — summer peak houre

44.2 External Zones Base PRM and Adjustments

For the external zones, all load and generator data came from vender-supplled databases since MISO
only collects detailed Information on MISO load and generation resources. MISO then set the available
generation for each extemal zone at its reported planning reserve margins. If a reglonal PRM was not
estabilshed, MiSO used the NERC reference margin of 15 percent. The target PRM was then Increased
by extema! purchases. Extemai purchases are extemal resources claimed In MECT for the 2013-2014
Planning Year, In the 2013 Planning Resource Auction, the declared external resources in MECT totaled
3,103 MW, External sales have the inverse relationship to purchases and decreased the external regions
target PRM. Only MISO capacity soid in PJM's Rellabllity Pricing Mode! {RPM) was modeled. This
amount was determined by capacity that cleared in the PJM auction as well as having signed Firm
Transmission Service Request (TSR) agreements that begin on or before the 2014-2015 Planning Year,
An enhancement from the 2013 LOLE model was the reduction in externai DSM avallabllity for MiSO
emergency assistance. In previous LOLE studies, MiSO was able to call on ell extemal DSM programs in
times of peak demand. To more accurately model operationai characteristics in times of peak demand the
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external zones corresponding DSM was removed from its available capacity, effectively reducing the
target PRM. External zones DSM program data was taken from the 2012 NERC Long-Term Reliability
Assessment. Table 4.4-1 ltemizes each external zone's base PRM, purchases, sales, and DSM programs

by planning year.

Zone PRV Dase (%) Bxtamel Purchases (MW] Extemel Sales Bxtemal Losd Modifying Resourees |
Extermel aqary | a018eY 201y | amev [ 200y | a01ary [ 2000ey [ 20290y | 2004py 2010y | amwy |
Ext1-WAUE 15 0% 15 0% 15 % 406 406 406 - - - 135 190 190
Ext2-MHEB 12.0% 12 0% 12.0% I_LQCB 1,403 1,403 - - - 382 510 510
Ext3}-PIM 15 9% 15 5% 15 6% 530 530 30 2,721 2,877 2,877 14,004 14,004 14,004
EXt4-IESO 18.6% | 202% | 200% | - - - - - « | 290 5,397 5,397
Ext5-5PP 136% | 136% | 136% | 39 39 - - - 1,672 “2,408 2,008
ExtE-50C0 150% | 150% 15 0% - - - - - - 2,100 2,263 2,263
Ext7-SERC 150% | 150% 15 0% 726 726 726 - - - 2,354 3,776 3,776
Tatsl 310 3,103 3100 2,721 2,877 yﬂ 23,597 28,548 24,548

Table 4.4-1: External Zones PRM Targets

The historic 8,697 MW value shown in Figure 4.4-3 was Ihe maximum coincident Import flow in 2012,
which sets the limit that the model allows Into MISO. Other maximum non-coincldent values from each of
the extemal zones are also shown, For example, 1,018 MW is the non-coincident limit from the external
zone "Ex 5." Ex § Is also a2 merged zone, sinca 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 zone's Individual
non-colncident maximum flow from a BA (Indicated In red in Figure 4.4-3) and also limit the support

amount to a lower level as dictated by the coincident sum combinations (indicated by the grouped
coincident values in blue font). The 8,697 MW limit in blue font is the overall MISQO coincident iimit.

37



MISO 2014 LOLE Study Report November 1, 2013

2014 LOLE External Ties Model
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Figure 4.4-3: MISO first-tier Balancing Authoritles with external purchases

4.4.3 Loss of Load Expectation Analysis and Metric Calculations

Once the GE MARS Input files were created, MISO determined the appropriate PRM,car 8nd PRMycap for
the 2014-2015 Planning Year as well as the appropriate Local Reliability Requirement for each of the nine
LRZ's. 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,

4.4.4 MISO LOLE Analysis and PRM Calculation

For the MISO 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 Intemal transmission limitations with external
transmission ties to MISO's first tier BAs. In order to meet the rellabliity 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 Colincident Peak Demand required to meet the reliabllity criteria was used to
establish the PRM values.

For the 2014-2015 planning year, MISO had more than 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 smaliest unforced
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capacity 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 refiability criterion was met.

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

PRMcap = (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

PRMycar = (Unforced Capacity + Firm Extemnal Support + UCAP Adjustment io meet a LOLE of
0.1 days per year) = MISO Coincident Peak Demand)/MISO Coincident Peak Demand

Where UCAP = ICAP x (1 — XEFORJ)

445 LRZ LOLE Analysls 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 LRZ's Peak Demand required o meet
the reliabllity criteria was used to establish each LRZ's LRR.

For the 2014-2015 planning year, four LRZs had more than 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 was
done following an lterative process of removing the units with the smaltest 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 everage EFORd (5.9 percent) were added to an LRZ when
there was not sufficient unforced cepacity within the LRZ to achleve 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,
Flve LRZs were short capacity to meet 0.1 days per year LOLE and needed proxy units added.

The formula for the LRR for a glven LRZ (e.g., LRZ,y) Is:

LRR;, = (largest Unforced Capacity rated unit,, + 2™ largest Unforced Capacity rated unit,, + K
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 2014
Planning Resource Auction takes place in April 2014,

The formula for the per-unit LRR for a given LRZ (e.g., LRZ;,) Is:
Per-Unit LRR;, = LRRy/ LRZ,, Peak Demand In Study Model
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5 MISO System Planning Reserve Margin Results

5.1 Planning Year 2014-2015 MISO Planning Reserve Margin Results

For the 2014-2015 planning year, the ratio of MISO capacity to forecasted MISO system peak demand
yielded a planning installed capacity (ICAP) reserve margin of 14.8 percent and a planning unforced
capacity (UCAP) reserve margin of 7.3 percent. These PRM values assume 3,103 MW UCAP of firm and
1,899 MW UCAP of non-firm extemai support. Table 5.1-1 shows ali the values and the calculations that
went Into determining the MiSO system PRMca» and PRMycap.

2014/2015 PY Formula Key

MISO Ptanning Reserve Margin (PRM)
{June 2014 - May 2015)

MiSO System Peak Demand (MW) 125,453 | {A]
Time of System Peak (EST) 8/5/2014 17.00
Installed Capacity (ICAP) (MW) 170,847 | [B]
Unforced Capacity (UCAP) (MW) 146,961 [ [C]
Firm External Support (MW) 3,103 | [D]
Adjustment to ICAP (MW) -29,875 | (E]
Adjustment to UCAP (MW) -15,452 | [F}
ICAP PRM Requirement (PRMR) (MW) 144,075 | [G]=[BJ*[D]*(E)
UCAP PRM Requirernent (PRMR) (MW) 134,612 | [H]={C]+[D}+[F]
MISO PRM ICAP 14.8% | [II=(IGHADA]
MISO PRM UCAP 7.3% | HIF(HHAIMA]

Table 5.1-1; Planning Year 2014-2015 MISO System Planning Reserve Margins
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5.1.1 Comparison of PRM Targets Across Five Years

Flgure 5.1-1 compares the PRM,cap and PRMycap values over the last five planning years. The last
endpoints of the black and green lines show the planning year 2014-2015 PRM values.
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Flgure 5.1-1: Comparison of PRM targets across five years

5.2 Future Years 2015 through 2023 Planning Reserve Margins

Beyond the planning year 2014-2015 LOLE study analysls, an LOLE analysls was performed for the five-
year-out planning year of 2018-2019 and the 10-year-out planning year of 2023-2024. Table 5.2-1 shows
all the values and calculations that went Into determining the MISQ system PRM,cap and PRMycap values
for those years. Those results are shown as the red-font values of Table 5.2-2. The years in between
were arrived at through interpolation of the resuits from the years 2014, 2018 and 2023. Note that the
MISO system PRM results assume no jimitations on transfers within MiSO.

In future years, MiSO sees stabiiity in the PRMycap, which Is driven by MiSO's assumption of constant
LFU In out years. The increasing characteristic of the PRM,cap I8 an outcome of the adjustment
methodology eensttivity to instalied capacity ievels of generation and the removal of units needed to reach
0.1 days per year LOLE target ievel. Smaller UCAP unlts, such as Wind and Behind-the-Meter
Generation (BTMG), are often the first units removed or last units added in the adjustment. In the future
years, fewer and fewer of these units are being removed to reach the target LOLE. Since the difference in
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the ICAP to UCAP rating of these units is greater than the average unit in the system the PRMcag IS

incraasing In the future years.

MISO Planning Reserve Margin (PRM) 2018/2019 PY 2023/2024 PY Formula Key
{June 2018 - May 2019) (June 2023 - May 2024)
MISO System Peak Demand (MW) 129,618 134,345 | [A]
Time of System Peak (EST) 8/1/2018 17:.00 8/2/2023 17:00
Installed Capacity (ICAF) (MW) 172,282 172,352 | [B]
Unforced Capacity (UCAP) (MW) 148,167 148,252 [ [C]
Firm External Support (MW) 3,103 3,103 | D]
Adjustment to ICAP (MW) -26,168 -17,913 | [E]
Adjustment to UCAP (MW) 12,342 -7.003 [ 7]
ICAP PRM Requirement (PRMR) (MW) 149,217 157,542 | [GI=[B]+[D]+E]
UCAP PRM Requirement (PRMR) (MW) 138,949 144,262 | [HI=[CI+[D1+[F1
MISO PRM ICAP 16.1% 17.3% | [1=(GHANA]
MISO PRM UCAP 7.2% 7.4% | PIE(HHANA]
Table 5.2-1; Future Planning Years 2018-2019 & 2023.2024 MISO System Planning Reserve
Margins
0 . 016 0 012 018 020 0 0 0
PRMicar | 148% | 149% | 150% | 1581% | 154% | 156% | 16.0% | 164% | 166% | 17.3%
PRMucar | T7.3% 7.3% 7.2% 7.2% 7.2% 7.2% 7.3% 7.3% 7.3% 7.4%

Table 5.2-2; MISO System Planning Reserve Margins 2014 through 2023
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6 Local Resource Zone (LRZ) Analysis — LRR Results

6.1 Planning Year 2014-2015 Local Resource Zone (LRZ) Analysis

MISO calculated the per-unit Local Reliability Requiremant (LRR) of Local Resource Zone (LRZ) Peak
Demand for years one, five and 10 (Table 6.1-1 through Table 6.1-3). The unforced capacity (UCAP)
values reflect the unforced capacity within each LRZ and the adjustment to UCAP values are the
megawatt adjustments needed in each LRZ 8o that the reliability criteria of 0.1 days per year LOLE i3
met. The LRR is the summation of the UCAP end adjustment to UCAP megawatts. The LRR is then
divided by each LRZ's Peak Demand to determine the per-unit LRR UCAP. The 2014-2015 per unit LRR
UCAP values will be muttiplied by the updated demand forecasts submitted for the 2014-2015 Planning
Resource Auction to determine each LRZ's LRR.

PY 2014-2015 LRZ-1 Formula

Key

UCAP (Mw) | 17.754 | 15020 | 10,191 | 10748 | 8135 | 20400 | 23,201 | 11,492 | 29,085 IA]

AdJ.toUCAP | 1880 | .266 | 428 | 1478 | 2376 | -194 | 1614 | -3,334 | -3532 ]
.(MW)(1dIn 10y}

LRR(UCAP) | 19.634 | 14763 | 10,619 | 12.224 [ 10511 | 20.208 | 24,815 | 8158 | 26453 | [cl(Al+(B]

Peak Demand

(MW) 17,733 | 12,805 9,261 10,345 8,771 18,112 | 21,547 6,309 23,543 [D]
711872014 | 712172014 | 71232014 | 81122014 | 61812014 | 81512014 | 77282014 | 8102014 | 81172014
Time of Peak 17:00 16.00 2000 18 00 17.00 16 00 18,00 1800 17:00
Demand EST EST EST EST EST EST EST EST EST
LRR UCAP P.U. . . . . . . . .
of LRZ Pesk 110.7% | 116.3% | 114.7% | 118.2% | 119.8% | 111.6% [ 116.2% | 129.3% | 112.4% | [5j=(cyD)
aman

Table 6.1-1: Planning Year 2014-2015 LRZ Local Rellabllity Requirements
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Formula
PY 2018-2019 LRZ.2 LR2.3 LRZ-9 Key

17,754 | 14,627 | 10,132 | 11,321 | 8,135 | 20,805 | 23,825 | 11,492 | 29,985

UCAP (MW) (Al

Ad].toUCAP | 2823 | 708 1,008 | 1,118 | 2445 | 273 | 1,000 | -2,895 | -2857 ([gj
(MW) {1d In 10yr}

LRR (UCAP) | 20577 | 15333 | 11,138 | 12,438 | 10,560 | 20,632 | 24,015 | 6,587 | 27,328 | [C=[AJ*[B]

P"’"”"{'&:&g 18524 | 13,720 | 9,740 10,504 | 8882( 18572| 21,867 6498 24.420( (D]

Time of Peak | 7132016 | 7/31/2018 7TA®2016 | &/7/2018 | &/1/2018 | 8/10/2016 | 8/1/2018 | 81272016 | &/13/2018

17:00 17:00 20.00 18 00 17:00 18:00 18.00 18.00 17.00
Demand EST EST EST EST EST EST EST EST EST
LRR UCAP P.U.
of LRZ Peak | 111.1% | 111.8% | 114.4% | 117.4% { 119.1% | 111.1% | 113.9% | 132.3% | 111.9% | [E)=(c}ID]
Demand

Table 6.1-2: Planning Year 2018-2019 LRZ Local Rellabllity Requirements

PY 2023-2024  LRZ-1 LRZ-2 LRZ-3 LR24 LRZ5 LRZ-6 LRZ7 LRZ.8 Formula

Key

UCAP (MwW) | 17.754 | 14,827 | 10,132 | 11,321 | 8,135 | 20,905 | 23,890 | 11,482 | 29,985 | [a]

Adl.toUCAP | 3782 | 1,114 | 1556 | 1432 | 2873 | 336 | 1,908 | -2001 | -1457 [
(MW) {1d In 10yr)

LRR (UCAP) | 21516 | 15,741 | 11,688 | 12,753 | 11,008 | 21,241 | 25,766 | 8,591 | 28,528 | [Cl=[A}+[B]

P"‘"D"m&g 19,465 | 14043 | 10,232 | 10,850 | 9,266 | 19,144 | 22,403 | 6,745 | 25569 | (D]

Time of Peak | 7/11/2023 | 7/31/2023 | 7119/2023 | 8/8/2023 | 6/2/2023 | &/11/2023 | &/2/2023 | 8/13/2023 | 8/14/2023

17.00 17:00 20 00 18 00 17.00 16 00 18.00 18 00 17:00
Demand EST EST EST EST EST EST EST EST EST
LRR UCAP P.L.
of LRZ Peak | 110.6% | 112.4% | 114.2% [ 117.4% [ 118.8% [ 111.0% | 116.1% | 127.4% | 111.6% | [51=1cyD)
Demand

Table 6.1-3: Planning Year 2023-2024 LRZ Loca! Rellabl!ity Requirements
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Appendix A: Load Forecast Uncertainty

A.1 LFU Methodology for Planning Year 2014

Since the North American Electric Reliabiiity Corp. (NERC) load forecasting working group disbanded,
MISO adapted the 2011 NERC bandwidth methodology to perform Load Forecast Uncertainty (LFU)
analysis and developed regression models similar to NERC. MISO included historical load data (1993-
2011) 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 probabiiities to the range
of possible outcomes. Each demand projection, for example, represents the midpoint of possible future
outcomes. This means that a future year's actua! 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
NERC), 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 equai 10 percent chance of future demand occurring above the upper

band.

The principal features of the bandwidth methodology include:

1. A univariate 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 finear function of the
previous value of the series and a random shock. In equation form, the first-order autoregressive
model can be written as

isatyiate

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

More details about the NERC methodology can be found at NERG Bandwidth Methodoloay.

A.1.1 Historical Data Used in the Model

For the 2014-2015 planning year, the LFU methodology did not change from the 2013-2014 planning
year. However, the major data source used in calculating the LFU changed. Previously, the majority of
data was collected from EIA 881 at an annual leve! whereas for the 2014-2015 planning year the majority
of dala was coliected from Energy Velocity at hourly level. Also, MiSO South data was added for the
2014-2015 planning year LFU calculations, which was different from previous years. Table A-1 and A-2
list data sources used for calculation of 2014-2015 LFUs.
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Midwest Region

EV (Energy Velocity') Data MISO Data

}2\3 orgembers currently in MISO: 1993- Duke Indiana: 1993-2011
Duke Indiana: 1993-2011 BREC: 2009-11/30/2010
BREC: 1993-11/30/2010 DPC:2009-05/31/2010

. MEC, MPW:2009-

MEC, MPW:1993-08/31/2009
MISO Settiements Data

All Members Currently in MISO 2009-
2011

Table A-1: MISO Midwest historical load data sources

South Region

. FERC 714- Partlll- .
EV (Energy Velocity) Data Schedule 2 Directly from Entergy

Zone 9 members excluding EES: 1993-
201

EES 2003-2011 EV New Topology EES 1996-2002
Table A-2: MISO South historical load data sources

For Energy Velocity (EV) datasets, hourly loads were prepared by Ventyx (Energy Velocity) where the
base data source for this dataset Is FERC 714 form - Part Iil of Schedule 2. The raw data filed for FERC
714 form - Part lll of Schedule 2 is usually reported at the level of a pianning area. However, in some
cases, several load serving entities (LSE) file their load data together as a single entity, resuiting in less
load resolution. Where practical, Ventyx separated filed loads into the smaller ioad entities that have
originally filed load data indlvidually using medels developed by Ventyx. Avallable hourly data was in two
categories of New Topology and Oid Topology. Old Topology data was avallable from 1893-2008 at the
ievel of Local Balancing Authority (LBA), LSE, or Municlpals where the new topology was avallable from
2003-2011 at the LBA levei.

For each of these topologles, the monthiy peaks were derived from the LBA/LSE hourly ioads. Based on
the correlation between oid and new topologies, from six years of overiapping 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
collected from sources other than EV, were summed to get hourly loads for each of the nine LRZs and
MISO to the extent possible, MiSO and LRZ monthly peaks were then derived from these hourly ioads.
Whera calculating at an houriy level was not possible, the data was summed at a monthly peak ievel.
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MISO collected LBA-level load data to be consistent with 2013 MISO footprint and also Included South
LBAs that will Joln MISQ footprint in December 2013, the list of LBAs Is provided in Table A.1-3. This table
along with Table A.1-4 provides acronyms for LBAs and the additlonal areas used in the power flow
analysis.

No. Local Balancing Area Acronym Zone

1 Dairyland Power Cooperative DPC LRZ-1
2 GreatRiver Energy GRE LRZ-1
3 Minnesota Power MP LRZ-1
4 Montana-Dakota Utiiities Co. MDU LRZ-1
5 Northern States Power Co. (Xcel) NSP/XEL LRz-1
6 Otter Tail Power Co. oTP LRZ-1
7 Southem MN Municipal Power Agency SMP LR2-1
8  Aliant East - Wisconsin Power and Light Co. ALTE LRZ-2
8  Madison Gas and Electric Co. MGE LRZ-2
10  Upper Peninsula Power Co. UPPC LRZ-2
11 Wisconsin Eiectric Power Co. wWEC LR2-2
12 Wisconsin Pubiic Service Corp. WPS LRZ-2
13 Alllant 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 LRZ4
17 Southem ltiinois Power Cooperative SiPC LRZ4
18 Springfield illinois - City Water Light & Power CWLP LRZ4
19 Ameren Missouri AMMO  LRZ:5
20 Columbia Missouri Water and Light Department CWLD LRZ-5
21 Big Rivers Electric Corp. BREC LRZ-8
22~ Duke Energy Indiana DUK(IN) LRZ-6
23 Hoosier Energy Rural Elec. HE LRZ:6
24 Indianapoiis Power & Light IPL LRZ-6
25 Northem Indiana Pubiic Service NIPSCO LRZ8
26  Southem Indiana Gas & Electric SIGE LRZ6
27 Consumers Energy - METC CONS LRZ-7
28  Detroit Edison Company DECO  LRZ-7
29 Entergy Arkansas EAI LR2-8
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30  Arkansas Electric Cooperative Corp. *EAl LRZ-8
31 Central Louisiana Eiectric Co. Inc, CLECC LRZS
32 Entergy Gulf States EES LRZ-9
33 Entergy Louisiana EES LRZ-9
34 Entergy Mississippl EES LRZ-9
I35 Entergy New Orleans EES LRZ-9
36 Entergy Texas EES LRZ-9
37  Lafayette (City of) LAFA LRZ-9
38 Louisiana Energy and Power Authority LEPA LRZ-9
39 Louisiana Generating/Cajun Electric LAGN LRZ-9
40 South Mississippi Electric Power Association SME LRZ-9
* represented by EAI

Table A.1-3: List of Local Balancing Authoritles {LBA)

No. Additional Power Flow Areas Acronym Zone
1 Plum Point Energy Assoclates, LLC PLUM LRZ-8
2  City of Osceola, Arkansas OMLP LRZ-8
3  City of West Memphis, Arkansas WMU LRz-8
4 City of Conway, Arkansas CWAY LRZ-8
§  City of Benton, Arkansas BUBA LRZ-8
6  Union Power Partners, L.P. PUPP LRZ-8
7 City of North Littie Rock, Arkansas NLR LRZ-8

Table A.1-4: List of additional power flow areas
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A2 MISO LFU results

Using the methodology discussed in Section A.1 and the data set explained in Section A.1.1, the MISO
LFU for the planning year 2014 is 3 percent. In addition to MISO-wide LFU, MISO also calculated LFU for
its nine LRZs. MISO developed an auto-regression modei for each LRZ and the LFU resuits are displayed
in Table A.2-1. Tha definitions of the nine LRZs are indicated in Table A.1-3.

Zones LFU
LRZ 1 2.9%
LRZ 2 4.5%
LRZ3 3.0%
LRZ 4 4.7%
LRZ & 4.4%
LRZ & 3.5%
LRZ7 5.3%
LRZ 8 5.0%
LRZ9 3.2%

Table A.2-1: Zonal LFU results
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Appendix B: Comparison of Planning Year 2013 to 2014

To compute changes in the Planning Reserve Margin (PRM) target on an Unforced Capacity (UCAP) and
Instalied Capacity (iCAP) basis, from the 2013-2014 pianning year to the 2014-2015 pianning year,
multipie study sensitivity analyses were performed. These sensitivities Included one-off incremental
changes of input parameters to quantify how each change affected the PRM result independentty. Since
severai enhancements were added as a part of the 2014-2015 study, it was first necessary to quantify
how these enhancements would have impacted the 2013 PRM results in order to more accurately
measure the incrementai changes of Input parameters had on the 2014 PRM resuits. Figure B-1 shows
how the 2013 PRMycap wouid have changed had the 2013 study been modeled exactly like the 2014
study. These enhancements are explained in section B.1. The impact of the Incrementai PRM changes
from 2013 to 2014 are shown in the waterfali chart of Figure B-2 and explained in section B.1 as welil.
Before any LFU impacts are realized, the most significant increases in PRMycap are due to Midwest
internal and extemal changes (6.3% to 7.1%). Similarly, Figures B-3 and B-4 show the same changes
expressed in ICAP.

Model Enhancements Applled to 2013 PRM Model [UCAP] - WaterFall Chart
PRM based on installed Generation: from PY2013

Percent {%)
7.0

PY2013 Tarlff Construct  MISOMldwestLFU  External 2013 Planning Year
{Lowest UCAP Correction Enhancements PRM with
Removed) Enhancements

*External Enhancamants - External DSM/ NSI Surmmaer Pesk Hours/ External Sales

Figure B-1: Waterfall chart of 2013 PRMyc,.» with 2014 enhancements
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MISO System Planning Reserve Margin{PRM) UCAP - WaterFall Chart

Percent |%) PRM based on Installed Generatlon: from PY2013 to PY2014
8.0
7.1 7.3
7.0 08 | "y

6.0

o -

Y

5.2

4.0 4

.
2.0

1.0 -1

0.0 4 T v T
2013 Manning  Midwast Midwest 2014 Mlanning MISO South PRMMISQLFULRILFU {Zonal  PY2014
Year PRMwith  Internal External  Year Midwest  Addition Construct)
Enhancements Changes Changes PRM

*MISO South Addition « Load, Capatity, snd LFU impact

Figure B-2: Waterfall chart of PRM,cr changes, Planning Year 2013 to 2014
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16.0

Percent (%)

14.0 4
12.0 -

100 -

oy

Model Enhancements Applied to 2013 PRM Mode! [ICAP] - WaterFall Chart
PRM based on Installed Generatlon: from PY2013

14.2

13.1

PY2013  TariffConstruct  MISO MidwestLFU  External 2013 Planning Yaar
(Lowest UCAP Correctlon Enhancements Revised PRM

Removed)
*Bxternal Enhancaments - Externsl DSM/ N5I Summer Peak Hours/ Extarnal Sales

Figure B-3: Waterfall chart of 2013 PRMcap with 2014 enhancements
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MISO System Planning Reserve Margin(PRM) ICAP - WaterFall Chart

Percent (%) PRM based on Installed Generatlon: from PY2013 to PY2014
160
14.8
Mo o~
+0.8 0.1
L]
0.2

12.0 -

10.0 -

2013 Planning  Midwest  Midwest  UCAPWICAP 2014 Planning  MISO South PRAM MISO LFU LAZLRU [Zonal  PY2014
Yoar Ravised Intemnal External YearMidwest  Addition Construct)
[ ] Chargms Changes PRM

*MISO South Addition » Load, Capacity, snd LFU impact

Figure B-4: Waterfall chart of PRM,cap changes, Planning Year 2013 to 2014

B.1.  Waterfall Chart Details
B.1.1 Tariff Construct

A change was made in how capacity is adjusted in the LOLE model to reach a LOLE ¢f 0.1 days per year.
This change was made to align the adjustment methodology in the tariff with what was actually being
done in the mode!. In previous years, capacity was adjusted by adding either a perfect negative or
positive generator to reach a LOLE of 0.1 days per year. The 2014 PRM study adjusts capacity by
removing the units with the smallest UCAP when an area or zone has excess capacity and needs
capacity removed to meet 0.1 days per year. When an area or zone needs capacity to meet 0.1 days per

year, units with an installed capacity of 160 MW are added with a class average forced outage rate until
the refiability criteria is met.
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B.1.2 MISO Midwest LFU Correction

Prior to the 2013 planning year, MISO utilized the NERC calculated uncertainty bandwidths. When the
NERC ioad forecasting working group disbanded, MISO decided to apply the NERC bandwidth
methodology to determine the Load Forecast Uncertalnty (LFU) vaiues for the 2013 planning year, There
was an error in the 2013 LFU calculation because a bandwidth was used instead of a sigma uncertainty
vzlue. The error has been corrected and the NERC bandwidth methodology was applied appropriately for
the 2014 pianning year.

B.1.3 External Enhancements

The external system was modeled with several enhancements In the 2014-2015 planning year LOLE
analysis. Prior to the 2014 study, extemal areas demand-side management (DSM) programs were relied
upon to meet a MISO-wide PRM value. The 2014 study removed the reliance on the extemal DSM
prograrns by determining the MISO PRM values without relying on extemal regions to call thelr DSM.,

Ancther enhancement In the extemal systerm modeling was the net scheduied Interchange values were
limited to the previous year's summer peak hours only. In previous studies, the NSi values were
determined by the maximum NSI value over the entire previous year rather than the summer peak hours
only. This change was made to more accurately reflect available external support in 2 MISO peak
demand scenaric when a loss of load event is most iikely to occur.

The last change to the extemal system was that extemal saies were modeled. MISO units that were
designated In PJM's market were derated or removed from the PRM study model.

B14 Midwest Internal Changes

The Midwest Intemal changes Inciude Internal capacity and load changes (retirements, suspensions,
updated GADS data and load forecast changes).

B.1.5 Midwest External Changes

The Midwest external thanges Inciude decreased assistance from extemal regions when compared to
last year's support (externai regions tie limits reduced and firm extemal purchases decreased).

B.1.6 UCAP to ICAP (ICAP Waterfall Chart Only)

in previous PRM studles, the UCAP was assumed to equal iCAP when adjusting capacity with a perfect
unit. By moving to the adjustment rmethodology to align with the tariff, ICAP is no longer equai to UCAP
and the iCAP value associated with the UCAP needed to meet 0.1 days per year LOLE Is greater, which
Is used in the PRM,cap calculation.
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B.1.7 MISO South Addition

Since MISO South will integrete In December 2013 it was Included In the 2014-2015 PRM study. These
companles increased the load diversity with the MISO system and iowered MISO's overell LFU,

B.1.8 LRZ LFU (Zonal Construct)

The 2014 PRM study modeis each of the nine individual LRZ's as part of a larger MISO pool. By
modeling ali nine LRZs, thelr LRZ specific LFU is appropriately applied to their LRZ load instead of
aggregating into one MiSO region and creating one MiSO-wide LFU. Previcus years modeled one MISO-
wide LFL, but the new epproach aligns the MiSO PRM analysls with the zonal construct and LRZ LOLE
analysis. The PRM Increases because the Individual zones have higher LFU vaiues than the combined
MISO LFU (more grenular representation of uncertainty).
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Appendix C: Transfer Analysis
C.1: Tier Maps
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C.2: 2014 Detailed Restults

Zone 1 CIL
s |nitial limit 4,292 MW
o Constraint: Lime Creek to Worth County 161 kV iine (Figure C.2-1)
= Contingency: Barton to Adams 161 kV iine
o Redispatch was tested and mitigated the constraint completely: 68 MW of generation, 9
generators in ALTW, WPS, and ALTE
o A more iimiting constraint was presented at the September 4, 2043, LOLEWG meeting

due to an Invalid contingency

s Currentiimit 4,347 MW
o Limitis based on avaiiable capacity in Tier 1 after redispatch plus base import.

‘
C e .
.
{ P v "ol

B T-’u;‘la ’:.' "

Figure C.2-1: Zone 1 Import Constraint
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£one 1 CEL
¢ Initial limit 48 MW
o Constraint: Lakefield to Dickinson 161 kV line (Figure C.2-2)
* Contingency: Webster 345 kV substation
o Redispatch applied: 515 MW of generation, 10 generators In GRE, NSP, and DPC

¢ Current limit 286 MW
o Export s limited by the amount of generation in Zone 1

LTy : e Q
1 :‘H"—-"-J)—— ]

Figure C.2-2: Zone 1 Export Constraint
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£one 2 CIL
o Initial limit 2,858 MW
o Constraint: Turkey River to Stoneman 181 kV line (Figure C.2-3)
= Contingency: Genca to Seneca 161 kV line

o |Initiaily redispatch was applied and focused on only redispatching generation within Tier
1: 186 MW, 10 generators In XEL and DPC. This aliowed the limit to Increase to 2,848
MW for the same constraint above. After stakeholder discussion MISO agreed that ail
MISO units should be considered In ramping down generation and Tier 1 generation wil
be considered toc ramp up.

¢ Current limit 3,083 MW for the same constraint dentified above.
o The redispatch scenario that allows the 3,083 MW limit Is: 162 MW of generation, 10
generators In ALTW, XEL and DPC. The non-Tier 1 area considered Is ALTW.

Map C.2-3: Zone 2 Import Constraint
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Zone 2 CEL
s Initial, pre-redispatch limit Is 1,371
o Constraint: Zion Station to Zion Energy Center 345 kV line (Figure C.2-4)
= Contingency: Pleasant Prairle to Zion 345 kV line
¢ Redispatch applied: 318 MW of generation, 10 generators In NIPS, WEC, and AMIL
s Zone 2 export limited by same constraint kdentified for Zone 7 Import limit, same
redispatch scenario was applied
o Zone 2 Capacity Export Limit required additional coordination with PJM to ensure MISO
accurately accounted for a ComEd phase shifter In the analysis. Enhancing the study tool
solution settings to accommodate the phase shifter eliminated several constraints.

¢ Current, post-redispatch Limit s 1,924 MW

Map C.24: Zone 2 Export Constraint
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Zone 3 CIL
s Initia! limit 0 MW
o Constraint: Palmyra 345/161 kV transformer (Figure C.2-5)
* Contingency: Hilis to Sub T to Louisa 345 kV iine
o Redispatch applied: 211 MW of generation, 10 generators in AMMO and AMIL
¢ Nextiimit identified is 1,326 MW
o Constraint: Biackhawk to Hazleton 161 kV iine
« Contingency: Washbum to Hazleton 181 kV iine
o Redispatch applied: 289 MW of generation, 7 generators in AMMO, XEL, and DPC
o Limit prier to updated redispatch methodology is 1,514 MW
o Constraint: Blackhawk to Hazleton 161 kV iine
* Contingency: Washbum to Hazletont 161 kV iine
o Redispatch was re-evaluated to account for non-Tier 1 generation and optimized
between the Palmyra and Blackhawk-Hazleton constraints.
* Redispatch applied: 366 MW of generation, 10 generators In AMMO, GRE, and
ALTE. GRE and ALTE &re not part of Tier 1

¢ Current limit 1s 1,591 MW
o Constraint: Blackhawk to Hazieton 161 kV line {Figure C.2-6)
= Centingency: Washbum to Hazieton 161 kV line
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Figure C.2-§: Zone 3 Initlal Import Constraint
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.
e x
il

1_8

Figure C.2-8: Zone 3 Post-RedIspatch Import Constraint

Zone 3 CEL
s |nitiai imit 1,875 MW
o Constraint: Oak Grove to Galesburg 161 kV line (Figure C.2-7)
= Contingency: Nelson to Electric Junction 345 kV line
o Redispatch was tested and resulted in 8 more severe limiter
= 458 MW of generation, 10 generators in MEC, MPW, and ALTW

¢ Currentlimit 1,875 MW

t

Map C.2.7: Zone 3 Export Constraint
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Zore 4 CIL
Initial limit 3,025 MW

o Constraint: Tazewell 345/138 kV transformer (#1) (Figure C.2-8)

* Contingency: Tazewell 345/138 kV transformer (#2)
o Muitiple redispatch scenarios were tested and resulted In a more severe limiter
= 315 MW, 10 generators In MEC, ALTW, and NIPS

s 303 MW, 10 generators In ComEd, MEC, ALTW, and NIPS

Current limit 3,025 MW

s

~

November 1, 2013
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Filgure C.2.8: Zone 4 Import Constraint
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Zone 4 CEL,
+ [nitial limit 1,961 MW
o Constraint: Pontiac to Loretto 345 kV line (Figure C.2-9)
= Contingency:
345-18014_T_-5
Close 272260 PONTIAC; B 138 272261 PONTIAC; R 13821
Open 270717 DRESDEN; R 345 270853 PONTIAC; R 345 1
Open 270853 PONTIAC; R 345 275210 PONTIAC; 2M 138 1
Open 272261 PONTIAC; R 138 275210 PONTIAC; 2M 138 1
Open 275210 PONTIAC; 2M 138 275310 PONTIAC; 2C34.5 1
o Redispatch was tested and resulted in a more severe limiter
= 483 MW of generation, 10 generators in AMIL, CWLP, and SIPC

¢ Current limit 1,961 MW

o
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Figure C.2-9: Zone 4 Export Constraint
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Zone § CIL
+ Initial limit 4,712 MW

November 1, 2013

o Constraint: Hot Springs EHV to Arklahoma 115 kV line (Figure C.2-10)

Contingency: Carpenter to Arklahoma 115 kV line
o Redispatch applled: 539 MW of generation, 9 generators in EAI

Current iimit 5,273 MW
o

Limit Is based on avallable capacity in Tier 1 after redispatch plus base import,
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Figure C.2-10: Zone § Import Constraint
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£one 5 CEL
¢ [nittal Imit 793 MW
o Constraint: Palmyra 345/161 kV transformer (Figure C.2-11)
* Contingency: Hills to Sub T to Louisa 345 kV line
o Redispatch applied: 238 MW of generation, 10 generators in AMMO and CWLD

s Current limit 1,350 MW for the same constraint identified above.

gy T

70



MISO 2014 LOLE Study Report

Zope 8 CIL,
o Initial limit 4,834 MW

o Constraint: Wheatland to Petersburg 345 kV line (Figure C.2-12)

= Contingency: Jefferson to Rockport 765 kV line

o Redispatch scenario tested and resulted in a more severe limiter
* Redispatch applied: 633 MW of generation, 2 generators in METC and AMIL

s Current limit 4,834 MW

November 1, 2013
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Map C.2-12: Zone 6 Import Constraint
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£one 8 CEL
e Limitis 2,248 MW
o Limit reflects available capacity in the zone and base Interchange
» A sensitivity analysis was completed to identify what the expected Transmission Limit for Zone 8
export may be. Load and generation in the zone were adjusted to increase amount of generation
exported from the zone, which resuits In the following limiter:
o Amo to Edwardsport 345 kV for ioss of Gibson to Wheatland 345 kV.,

Figure C.2-13: Zone 6 Export Constralnt
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Zope 7 CIL,
¢ Initial limit 2,587 MW

o Transfer using Tier 1 avallable capacity produced no constraints, so Tier 2 was added
o Constraint: Zion Station to Zion Energy Center 345 kV line (Figure C.2-14)
* Contingency: Pleasant Prairie to Zion 345 kV line

o Redispatch applied: 318 MW of generation, 10 generetors In NIPS, WEC, and AMIL

Original redispatch tested and presented In early September are invalid due to a
swing bus was included In the redispatch.

Current limit 3,884 MW for the same constraint Identified above.
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Figure C.2-14: Zone 7 Import Constraint
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Zone 7 CEL
¢ Initial limit 4,517 MW

o Constraint: Benton Harbor 345/138 kV transformer (Figure C.2-15)

s Contingency: Benton Harbor to Cook 345 kV line
o Redispatch was tested and resulted In a more severe [imiter
= 100 MW of generation, 2 generators in METC and ITCT

o Current imit 4,517 MW
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November 1, 2013

Flgure C.2-15: Zone 7 Export Constraint
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Zone 8 CIL
o |[nitial Imit 578 MW
o Constraint: Vienna to Mt. Olive 115 kV line (Figure C.2-16)
= Contingency: Mt. Olive to Eldorado 500 kV line
o Redispatch appiied; 678 MW of generation, 10 generators In CLECO, AMMO, and EES
= A CLECO generator outside zone was Included in redispatch since the generator
has a large Impact on the constraint
+ Nextiimit identified was 1,223 MW for the same constraint Identified above.
o A rating upgrade was Identified for the constrained facllity
. Ai?ptying the same redispatch scenario as noted above provided an updated limit
of 1,602 MW,

e Current limit 1,602 MW

Tid Pasnall Roml X Crosset Proee ks
Toyiors * " featmiSton®  Crowset Bouth Swace
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Flgure C.2.16: Zone 8 Import Constraint
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Zone 8 CEL
o Initial limit 3,018 MW
o Constraint: Butterfield (Woodlawn Rd) to Haske!! 115 kV line (Figure C.2-17)
» Contingency: Sheridan to Magnet Cove 500 kV line
o Redispatch applied: 674 MW of generation, 8 generators in EAl

¢  Current limit 3,080 MW
o Constraint: Russellville East to Russellville North 181 kV line {Figure C.2-18)
* Contingency: Arkansas Nuclear One to Ft. Smith 500 kV line
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Flgure C.2-17: Pre-redispatch Zone 8 Export Constraint
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Flgure C.2-18: Post-redispatch Zone 8 Export Constraint
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one |

s [nitial limit 3,585 MW
o Constraint: Walnut Grove to Swartz 115 kV line (Figure C.2-19)
* Contingency: Perryville to Baxter Wilson 500 kV line
o Multiple redispatch scenarios were tested and resuited In a more severe limiter
» 720 MW, 10 generetors in EAI, PUPP, and AMMO.
» 544 MW, 5 generators in EAl and PUPP

s Currentlimit 3,585 MW
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Figure C.2-19: Zone 8 Import Constraint
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Zone § CEL
« Initia! limit 2,051 MW

o Constraint: Winnfield 230/115 kV transformer (Figure C.2-20)
= Contingency: Montgomery to Ciarence 230 kV iine
o Redispatch applied: 832 MW of generation, 10 generators in EES, SME, CLECO

« Current limit 3,616 MW for the same constraint identified above.
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Figure C.2-20: Zone 9 Export Constraint
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AppendixD  Compliance Conformance Table

Requirements under:
Standard BAL-502-RFC-02

R1 The Planning Coordinator shall
perform and document a Resource
Adequacy analysis annually. The

Resource Adequacy analysis shaii;

Response

The Planning Year 2014 LOLE Study Report Is the annual
Resource Adequacy Anaiysis for the peak season of June
2014 through May 2015 and beyond.

Analysis of Planning Year 2014 can be seen in Sections 5.1
and 6.1

Analysis of Future Years 2014-2022 can be seen In Sections
52and6.1

R1.1 Calculale a planning reserve
margin that will result in the sum of the
probabilities for loss of ioad for the
Integrated peak hour for all days of each
planning yearanalyzed (per R1.2) being
aqual to 0.1. (This Is comparable to a
“one day in 10 year” criterion.)

Section 4.4.3 of this report outiines the utllization 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."

R1.1.1 The utllization of Direct Control
Load Management or curtailment of
Interruptible Demand shall not contribute
to the loss of load probabliity.

Saection 4.2.1 of this report

*Direct Contro! Load Management and Intarruptible Demand
types of demand response were explicltly Included in the
LOLE model as resources. These demand resources are
Implemented In the LOLE sImulation befere accumulating
LOLE or shedding of firm load.”

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

Section 4.4.4 of this report

*The minimum amount of capacity above the 50/50 net
intemal MISO Coincldent Peak Demand required to meet the
reliabllity criteria was used to establish the PRM values.*

R1.2 Be performed or verified separately
for each of the following planning years

Covered In the segmented R1.2 responses below.

R1.2.1 Perform an analysis for Year
One.

In sections 5.1 and 6.1, a full analysis was parformed for
planning year 2014.

R1.2.2 Perform an analysis or verification
at a minimum for one year in the two-
through five-year period and at a
minimum one year in the six- though 10-
year period,

Sections 5.2 and 6.1 show a full analysis was performed for
future planning years 2018 and 2023.
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Response

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

Analysls was performed

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

Covered In the segmented R1.3 responses below.

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
» Seasonai ioad variations

* Daily demand modeling assumptions
(firm, Interruptibie)

+ Contractual arrangements conceming
curtallable/Interruptible Demand

Medlan forecasted load — In section 4.3 of this report: *For the
2014-2015 LOLE analysls, the hourly LRZ load shape was a
product of the historical load shape used as wel! as the 50/50
demand forecasts submitted by Load Serving Entitles (LSE)
through the MECT tool."

Load Forecast Uncertainty — A detalled explanation of the
LFU calculations Is glven in section 4.3.1 as wel! as appendix
A

Load Diversity/Seasonai Load Variations - Section 4.3 of this
report details the historic hourlyload profiles used with thelr
inherent diversity and seasonal variations. "Local Resource
Zones 1 through 7 used the 2005 histerical load shape while
zones 8 and 9 used the 2008 historical load shape. For MISO
Midwest, the 2005 ioad shape provides a typical lcad shape
for the Midwest region as well as inherent conservative
extemal support due to external load shapes. 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 during Hurricane Katrina.*

Demand Modeling Assumptions/Curtailable and Interruptible
Demand - All Load Modifying Resources must first meet
registration requirements through Module E. As stated in
sectlon 4.2.1: "Each demand response program was modeled
Individually with a monthly capacity and energy, which is
itmited to the number of times each program can be called
upon as well as limited by duration.”
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Response

R1.3.2 Resource characteristics:

» Historic resource performance and any
projected changes

» Seasonali resource ratings

* Modeling assumptions of firm capacity
purchases from and sales o entities
outside the Planning Coordinator area

= Resource planned outage scheduies,
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

Section 4.2. details how historic performance data and
seasonal ratings are gathered, and includes discussion of
future units and the modeling assumptions for intermittent
capacity resources,

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

R1.3.3 Transmission limitations that
prevent the delivery of generation
reserves

Section 3 of this report details the fransfer analysis to capture
transmission limitations that prevent the delivery of generation
reserves. The results from this analysis are shown In section
3.3

R1.3.3.1 Criteria for inciuding planned
Transmission Facility additions In the
analysis

Inclusion of planned transmission addition assumptions is
detailed In section 3.3.1.

R1.3.4 Assistance from other
interconnected systems including muiti-
area assessment considering
transmission limitations Into the study
area.

Section 4.4 provides the analysis on the treatment of externa!
support assistance and limitations.
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Requirements under:
Standard BAL-502-RFC-02

R1.4 Consider the following resource
avallability characteristics and document
how and why they were included In the
analysis or why they were not Included:

+ Avaiiability and deiiverability of fuei

* Common mode outages that affect
resource avallability

« Environmenta! 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 availabllity

* 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

November 1, 2013

Response

Fuei avallability, environmental restrictions, common mode
outage and extreme weather conditions are ali part of the
historical availability performance data that goes Into the
unit's EFORd statistic. The use of the EFORd values is
covered In Section 4.2.

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 4.4.4 by examining the
difference between PRM,c.p and PRMyc,p vaiues,

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

Transmission maintenance schedules were not Inciuded in
the analysis of the transmission system due to the imited
availability of reliable long-term maintenance schedules and
minima! impact to the resuits of the analysis. However,
Section 3 treats worst-case theoretical outages by Perform
First Contingency Total Transfer Capabllity (FCTTC) analysis
for each LRZ, by modeling NERC Category A (system Intact)
and Category B (N-1) contingencies.

R1.8 Documnent that capaclty resources
are appropriately accounted for In its
Resource Adequacy analysis

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

R1.7 Document that all load in the
Planning Coordinator area Is accounted
for in its Resource Adequacy analysis

MISO load is among the quantities documented in the tables
provided In sections 5 and 6; the balance of MiSO Reliability
Coordination icads are incfuded among the icads in the
external Zone 1 "Ex 1 WAUE" of Figure 4.4-3.

62




MISO 2014 LOLE Study Report

Requirements under:
Standard BAL-502-RFC-02

November 1, 2013

Response

R2 The Pianning Coordinator shail
annually document the projected load
and resource capability, for each area or
transmission constralned sub-area
identified in the Resource Adequacy
analysls,

In Section 5 and 8, the peak load and estimated amount of
resources for planning years 2014, 2018 and 2023 are
shown. This Includes the detail for each transmission
constrained sub-area,

R2.1 This documentation shaii cover
each of the years In Year One through
10.

Section 5.2 and Table 5-3 shows the three caicuiated years,
and estimated in-between years, by interpolation.

R2.2 This documentation shalj include
the Planning Reserve margin calcuiated
per requirement R1.1 for each of the
three years in the analysis.

Section 5.2 and Table 5-3 shows the three caicuiated years in
red-font text.

R2.3 The documentation as specified per
requirement R2.1 and R2.2 shall be
publicly posted no later than 30 calendar
days prior to the beginning of Year One

The 2014 LOLE Study Report documentation is posted on
November 1 prior to the pianning year.

83




MISO 2014 LOLE Study Report

Appendix E  Acronyms List Table

November 1, 2013

BA Baiancing Authority

BPM Business Practice Manuai

BTMG Behind-the-Meter Generation

CBMEP Cross Border Market Efficiency Project
CEL Capacity Export Limit

CIL Capacity Import Limit

CPNode Commercial Pricing Node

CSA Coordinated Seasonal Assessment

DF Distribution Factor

DSM Demand-Side Management

EFORd Equivalent Forced Outage Rate demand
ELCC Effective Load Carrying Capabiiity

EV Energy Velocity

FERC Federai Energy Regulatory Commission
FCITC First Contingency Incremental Transfer Capability
GVTC Generator Verification Test Capacity
ICAP Instalied Capacity

IEEE Institute of Electrical and Electronics Engineers
MM Independent Market Monitor

LBA Local Balancing Authority

LCR Local Clearing Requirement

LFU Load Forecast Uncertainty

LOL Loss of load

LOLE Loss of Load Expectation

LOLEWG Loss of Load Expectation Working Group
LRR Locai Reliabllity 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
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MRO Midwest Reliabflity Organization

NAESB North American Energy Standards Board
NERC North American Electric Rellability Corp.
NDC Net Dependable Capacities

NS! Net Scheduled Interchange

oMC Outside Management Control

PRA Planning Resource Auction

PRM Planning Reserve Margin

PRMcar PRM Installed Capacity

PRMucar PRM Unforced Capacity

PRMR Planning Reserve Margin Requirement
PSSE Power System Simulator for Engineering
PSSMUST | Power System Simulator for Managing & Utliizing System Transmission
RECB Regional Expansion Criteria and Benefits
RFC Reiiability First Corp.

RPM Reiiabllity Pricing Model

RTO Regional Transmission Operator

SERC SERC Reiiabiiity Corporation

TPL Transmission Planning

TSR Transmission Service Request

TTC Total Transfer Capability

TVA Tennessee Valley Authority

UCAP Unforced Capacity

XEFORd Equivaient Forced Outage Rate demand excluding events Qutside Management Control
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