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Background

* AEP operates in 11 states. Our
footprints are modeled as internal part
- in EMS and maintained by our
m modelers.

AEP Service Territory

. .. * External models are maintained by
' ; - other utilities who submit model
changes to regional RTO.

e RTO releases regional model in CIM
- format periodically that includes
e changes submitted by all utilities .

* Recurring effort needed to bring those
device to AEP’s EMS model

Fig. 1. AEP Footprint
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Objective

—

* To simplify the recurring effort and reduce human
error in the external model update.

* To enable easy data exchange and customization in
EMS model maintenance.

* To promote smart grid interoperability by using CIM

standards as recommended by FERC and National
Institute of Standards and Technology (NIST)

BOUNDLESS ENERGY
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BOUNDLESS ENERGY™ MethOdOIogy

External Model Update:
1. Extract external model
from RTO CIM

2. Compare the newly

- extracted external
model with old external
model

3. Merge the differences

in modeling with
Current AEP prod model
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Architecture

BOUNDLESS ENERGY™

Incomplet

Network ICCP
Model Model

Regional
CIM Model

Fig. 3 Information archived in Regional CIM model
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AEP External Grid Modeling-
Procedure

Newly
Released RTO

Extract
External Model

CIM
Customization
and Extension

CIM Profile
Revision

Transformation

New External
CIM model

BOUNDLES

CI M g . ......................... E TS ..........

Extract external : Model
components from . :
regional CIM _model

- : Reconstruct cross-reference
based on substation or Baseline bl4 ; Clean links and clean up ETS validation
COMBANY NAMES external GIM : SBINOYIERIAINY  error
System topology altered model _ with

and Extension added to current Prg:d

include specified utility Integration in
information : :
EMS

=
G E e E
.

New extension
declared in RDF
schema documen

CIM

Incremental
Model

- Old External 4 Display/CTG Commission
CIM Model 2 uliaing in Prod

Fie. 4 External Model l:s:lé‘t‘é'?f‘b‘dé’d‘l]f‘é ......................................................... H

ENERGY

AL



AMERICAN
ELECTRIC
POWER

P

—

BOUNDLESS ENERGY™

Extraction

=

o
[=] cIM Models [=] cIM Models
[=] PIM_Only_2017_Winter CIM E{PJM_merge_exparted
BaseVoltage [53] BaseVoltage [45]
DayType [1] DayType [1]
HydroGeneratingUnit [217] HydroGeneratingUnit [59]
LoadArea [26] LoadArea [11]
ThermalGeneratingUnit [1879] ThermalGeneratingUnit [822]
[=] Pocl [1] [ Pool 1]
[=] pm = pm
[= GeographicalRegion [26] = e e erl]
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Fig. 5 Extraction of External Model from
PIM
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Fig. 6 Extraction of External Model from ERCOT
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Boundary Delineation

P

SPP Essentia
Companies

Essential Essential
Companies) Companies

salLj01y

Fig. 7 Boundary Delineation in SPP CIM Model

1. Only 11 SPP companies are extracted
2. SPP side of tie-lines are extracted

3. BoC3stdtip\eopdnids o &Gualipedg feeo@Ghity”

sajuedwo) |enuass3 QS|



AMERICAN
ELECTRIC

[ POWER . AEP External Grid Modeling—
Aggregation

e

SCADA Network

Exports Exports

[
y v Y v
Lﬁ_\ Measurement E:ula/_ti(m\l Load E&:ﬁ/ﬂfil
Catalogue Allocation References Schedules Limits

O q/_\

0AG Network
Model Model

CIM Formatted
External Model

Fig. 8 Information Aggregation
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AEP External Grid Modeling—

Extension

ShuntCompensator

7 cimMRID
7 EquipmentGroup: Association

0 MemberOf_EquipmentContainer:
Association

------

New Association

CIMSpy

EquipmentGroup

Existing Association

VoltageLevel

7 cimMRID
I MemberOf EquipmentContainer:
Association

oooooo

Existing Associatio

7 cimMRID

7 Substation: Association

oooooo

New Association

Substation

cimMRID

RTO model is loosely defined, extension adapts the
model to utility format

7 Substation: Association

<0 -

o P~ ?

-+ (1T - g = R

Version:  http://iec.ch/TC57/2010/CIM-schema-cim15%

Source: DAUsers\ylu\SPP\Eddited SPP Model Export_moedified5-co.

Class
Lunuuilred

CurveData

DayType
Disconnector
Discrete

EquipmentGroup

EquivalentMNetwork

Fig. 9 CIM extension of EquipmentGroup

# of Object

14774
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q778
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Profile Revision

J<rdf:Description rdf:about="http://iec.ch/TC57/2007/CIM-schema-ciml2#ShuntCompensator. EquiDmntGroud"}
<cims:inverseRoleName rdf:rescurce="http://iec.ch/Tc57/2007/CIM-schema-ciml2$EquipmentGroup EhuntCompgnsator” />
<cims:multiplicity rdf:resource="http://iec.ch/TC57/1999/rdf-schema-extensions-19990926#M:00.1" />
<rdfs:comment>EquipmentGroup</rdfs: comment> X
<rdf:type rdf:resource="http://wnw.w3.0rq/1899/02/22-rdf-syntax-ns#Property" /> NeW|Y D.Emed
<rdfs:label>EquipmentGroup</rdfs:lahsl> Associations of
<rdfs:range rdf:rescurce="http://iec.ch/TC57/2007/CIM-schema-ciml 2§EquipmentGroup” /> EquipmentGrou
<rdfs:domain rdf:resource="http://iec.ch/T€57/2007/CIM-schema-cini2#shuntCompensator" /> p

-</rdf:Description>

|<rdf:Description rdf:about="http://iec.ch/TCc57/2007/CIM-schema-ciml2#RquipmentGroup.Substation">

<cims:inverseRoleName rdf:rescurce="http://iec.ch/TC57/2007/CIM-schema-ciml2§sSubstation.ChildEquipmentGroup" />

<cims:multiplicity rdf:rescurce="http://iec.ch/TC57/19598/rdf-schema-extensions-19590%264M:0..1" />
|  <rdfs:comment:

Substation

</rdfs:comment>

<rdf:type rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#Property" />

<rdfs:label>Substation</rdfs:label>

<rdfs:range rdf:resource="http://iec.ch/Tc57/2007/CIM-schema-ciml2#substation” />

<rdfs:domain rdf:resource="http://iec.ch/TC57/2007/CIM-schema-ciml2#EquipmentGroup" />
</rdf:Description>

Fig. 10 Declaration of EquipmentGroup in CIM Profile

Declare newly extended classes and associations in CIM Resource
Description Framework Schema (RDFS) document for them to be
correctly imported to e-terrasource
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CIM:CustomerLoad

Transformation

CIM:SeasonallLimitSet

CIM:ComformLoad

CIM:MvarCapabilityCurve

CIM:OperationalLimitSet

CIM:ActivePowerLimit

ActivePowerLimit.Value

./ >
’@iﬁie vaWit-
—
Version

CIM:ReactiveCapabilityCurve

Transformation

File

>

CIM:ActivePowerLimit
OperationallLimit.Value

Fig. 11 CIM Version Transformation
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BOUNDLESS ENERGY Baseline

CIMMRID Standardization—prepend
underscore in front of all CIMMRID

eference Consolidation ‘
— > Old External
asevoltage/limit types
Based lined external CIM model

will be identical to the external
part in AEP Prod Model

Emergency Projects: Changes in
Tieline/measurement/Devices

Fig. 12 Model Baselining
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Compare and Merge

External
Litility 2#

Inc. CIM model = New external model- Old external model New EMS model = Current EMS model + Incrementals Project

External
Utlllti',l.#’

External
o . External Utiliey 1847

~, Utility 2#
\

Deleted

e Incremental Project

1. Updated

3. Deleted

0ld External Model

External _ External
Utility 14~ . WUtility 24
A

108014 [ejusuwaIou] 071 jIodu]

Updated Deleted

CIM Incremental Model
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) Existing Devices .
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~ AEP External Grid Modeling—

Clean up

Network References
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L
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*
.

$“
*
Existing Devices
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.
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BOUNDLESS ENERGY™ Testing

Sequence
Save Mext SE Result _|
Application / Task Enable Program Status  Last Completion  Periodicity

RTHET

ESTIMATE «| VALID SOLUTION Sleeping 16-Jun-2021 14:05:23 60
PLRTHET

PLESTIM _ | PLRTHET IS READY 28-May-2021 09:14:16 60
RTCA

CA +| RTCACOMPLETED Sleeping  16-Jun-2021 14:04:41 120
RTSENH

CcD _| RTSEMH IS DOWN 23-Apr-201917:20:03 60

CcP _ | RTSEMNH IS DOWN 24-Apr-2019 14:06:45 120

PA _| RTSEMH IS DOWN 24-Apr-2019 14:06:47 120
RTVSA

VSA _| RTVSA IS READY 24 -Apr-2019 14:05:48 300
RTLODF

RTLODF +| RTLODF SOLUTION COMPLETED Sleeping 16-Jun-2021 14:04:23 120
RMTNET o

RMTHNET _ | RMTHET IS DOWN 24-Apr-2019 14:06:47 300

BOUNDILESS ENERGY
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Current Status

* This CIM based external model update process has
been successfully implemented for multiple times
in all three of AEP’s footprints

 The incremental methodology has facilitated
multiple XMUs in both PJM and SPP footprint

 We are moving the CIM based model merge
procedure to OSI environment

BOUNDILESS ENERGY
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Summary

—

* The proposed CIM based methodology has been
validated to be effective.

* The proposed methodology answers to the
challenge of utility big data management and
provides references to other entities

* The proposed methodology promotes power
system interoperability and fulfils NIST
recommendation.

BOUNDLESS ENERGY
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* e-terrasource (www.ge.com)

* CIMSpy
(http://www.powerinfo.us/CIMSpyEE.html)

BOUNDILESS. ENERGY
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QUESTIONS??

Contact Information:
ylu@aep.com
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RTO CIM Model AEP Production Model

AEP external (MAS)
AEP internal
(MAS)
{\l External Model Update:
REPLACE the external part of
current AEP EMS model to
bring newly commissioned or

expected devices under real-
time monitoring

Merged Model:

AEP internal
(MAS)

Fig. 2. AEP External Grid Modeling-CIM Bulk Method

BOUNDILESS. ENERGY
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et CIM Incremental VS. CIM Bulk

* Avoid creating new internal MAS, which significantly
increases database size.

* Introduce less changes to AEP Prod System, which
dramatically reduces display building time.

* Avoid splitting and stitching, which requires intensive SQL
coding to re-attach references with internal devices.

 Enhanced Compatibility with a wider range of vendor
provided software

BOUNDLESS ENERGY 2
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Architecture

External Model

\ 4 v
Devices Reference
v : \ 4 \ 4 :
First Tier Second Tier Operational
Devices Devices References

i

Updated via
Regional CIM mode
and rebuild the
associations

Devices directly
connect to AEP, to

first tier
substations, ca
equalized to

Fig. 5 External Model Architecture
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Boundary Delineation

SPP Bus XY 138 kV SPP Bus

P

Split-off Point

#3 #2 #1 Tieline #H3 #2 #1 #0
N To O\, o MISO
@ O AN O ®—O > \EPW l @ O < O O O5 kV? ® Node
l DIS . DIS Tieline Near
Far Terminal Terminal

Splitting AEP tie in Regional CIM model Splitting RTO tie In Regional CIM Model

Terminals Terminals
Split-off Point
SPP Bus / l \ ¥ X-Y138kV SPP Bus 43 #2 ]_A_B 138 KV

N 72 i Tieline I Tieline . MISO
| oo "0 *——< e 10 & —O0—x—0—00 S Node

l ' DS 4 F PI inal © AEPW I f DIS 4 Nehr

ar Termina PP R X

Connectivity Node X Connectivity Node Y Connectivity Node A Connectivity Node B Terminal

SPP Bus CD 138 kV
#3 #1 Tieline To Non-

#2
I—. O \\ O o O = essential . .
DIS Far Tjarminﬂl Cnmpanies TI e LI n e

Egqualizing Second Tier Companies

Terminals

* L]
seus | N €m  Ppseudo Units
I—o A —0—8—0 @ Faeudo
4 DIS ] Unit
Connectivity Node C Connectivity Node D
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Aggregation

15D Names @ RTO_Released CIM model.xml
B. Monthly RTO ISN.csv - |
n Monthly RTO SCADAMOM.csv

L4 —> g CIM_external model.xml

M. Seasonal RTO_LM.csv = /
A/ > ﬂ - Oagmom_Mapping.csv

[ . Seasonal RTO UN.csv CIMSpy
A
"3 Python scripts

M. Seasonal RTO_LD.csv

Operational Limits

Regulation Schedules

I |
LimitSets Measurements

x] Monthly RTO Netmom.csv

Fig. 12 Information Aggregation using API
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Extension

Class: EquipmentGroup
Class: Substation < Association: Substation

Class: ShuntCompensator

Association: EquipmentGroupI

Association: Voltagelevel

Class: VoltagelLevel

Association: Substation

n
Class %| #of Object | Description
(=] cIM Models

Discrete 18877 Discrete represents a discrete Measurement, i.e. a Measurer

[+ PIM_merge_exported
. . : : :

Ei! Pl e cvesied o EquipmentGroup 7697 The class is not declared in CIM or any extensions,

GeographicalRegion n A geographical region of a power system network model.

[+] AreaOfResponsibility [11]

Fig. 15 CIM extension of EquipmentGroup

RTO model is loosely defined, extension adapts the
model to utility format
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Profile Revision

J<rdf:Description rdf:about="http://iec.ch/TC57/2007/CIM-schema-ciml2#ShuntCompensator. Eq‘uiDmntGroud"}
<cims:inverseRoleName rdf:rescurce="http://iec.ch/Tc57/2007/CIM-schema-ciml2$EquipmentGroup khuntCompgnsator” />
<cims:multiplicity rdf:resource="http://iec.ch/TC57/1999/rdf-schema-extensions-19990926#M:00.1" />
<rdfs:comment>EquipmentGroup</rdfs:comment>
<rdf:type rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#Property" />
<rdfs:label>EquipmentGroup</rdfs:lahsl>

Newly Defined
Associations of

<rdfs:range rdf:resource="http://iec.ch/TC57/2007/CIM-schema-ciml 2§EquipmentGroup” /> EquipmentGrou
<rdfs:domain rdf:resource="http://iec.ch/T€57/2007/CIM-schema-cini2#shuntCompensator" /> p

-</rdf:Description>

|<rdf:Description rdf:about="http://iec.ch/TCc57/2007/CIM-schema-ciml2#RquipmentGroup.Substation">

<cims:inverseRoleName rdf:rescurce="http://iec.ch/TC57/2007/CIM-schema-ciml2§sSubstation.ChildEquipmentGroup" />

<cims:multiplicity rdf:rescurce="http://iec.ch/TC57/19598/rdf-schema-extensions-19590%264M:0..1" />
|  <rdfs:comment:

Substation

</rdfs:comment>

<rdf:type rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#Property" />

<rdfs:label>Substation</rdfs:label>

<rdfs:range rdf:resource="http://iec.ch/Tc57/2007/CIM-schema-ciml2#substation” />

<rdfs:domain rdf:resource="http://iec.ch/TC57/2007/CIM-schema-ciml2#EquipmentGroup" />
</rdf:Description>

Fig. 16 Declaration of EQuipmentGroup in CIM Profile

Declare newly extended classes and associations in CIM Resource
Description Framework Schema (RDFS) document for them to be
correctly imported to e-terrasource

BOUNDILESS. ENERGY
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Reconfiguration
ERCOT Format: AEP Format:
Categorize network components by Categorize network components by
device type Company ownership and operatorship
SUBSTATIO OMPENSATOR : PUBXA

U V)

E Seven
Regions
\U/ \J

SOUT Lines

Voltage
Levels

Voltage
Levels

Nine
Regions

Fig. 13 Devices Categorized in ERCOT Format

Fig. 14 Devices Categorized in AEP Format
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Clean up

EquipmentGroup

CIM path name Substation

KCPL KCPL BRERIDGE

EquipmentGroupType

BRERIDGE BUS

KCPL KCPL BRERIDGE

BUS

BRERIDGE CB

KCPL KCPL BRERIDGE

BRERIDGE D5C

KCPL KCPL BRERIDGE

DsC

BRERIDGE GEM

KCPL KCPL BRERIDGE

BRERIDGE LD

KCPL KCPL BRKRIDGE|

Three Winding Transformer

Add Group Type

CIM path name Substation

KCPL KCPL BRERIDGE

EquipmentGroupType

ERKRIDGE BUS

KCPL KCPL BRERIDGE

BUS

ERKRIDGE CB

KCPL KCPL BRERIDGE

CB

ERKRIDGE DSC

KCPL KCPL BRERIDGE

DsC

ERKRIDGE GEM

KCPL KCPL BRERIDGE

GEM

ERKRIDGE LD

KCPL KCPL BRERIDGE

LD

Path name

Middle connectivity node

OKGE OKGE SUNMYSDE BE2

OKGE OKGE SUNMYSDE BE3

Fig. 22 Building Associations to Fill in Required Fields of

SQL Queries

Path name

Add Middle Node

Middle connectivity node

OKGE OKGE SUNNYSDE BE2

OKGE OKGE SUMMNYSDE EC BE2

OKGE OKGE SUNNYSDE BE3

OKGE OKGE SUMMYSDE ECEX BE3

Transformer and EquipmentGroup

BOUNDLESS ENERGY
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CIM Models

B Incrementals
[=] CIM_Incremental_XMUO4

> (4] Added [2189]
> (] Deleted [1188]

“@ Baselined Old External CIM.xml
:I' > % CIM_incremental. Xim s
=[] Updated [7704]

?-

CIMSpy =2 [ . Oagmom Mapping.csv
I
n - Old Oagmom_Mapping.csv rJ ;
Il R 5 OAG
n, Incremental OAGmom Mapping.csv —S-(I—LP g D at abas e
Scripts

g New External CIM.xml

Fig. 19 Comparing new model against old model
to obtain incremental
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Compare and Merge

~ Import | ‘ Load
CIM incremental.xm] == -7 ETS project.ets

L = Updated Added " Deleted

|
e Pl'l’

Three kinds of model update actions: I
1. Updated

1. Import incremental CIM 2Added
model to ETS project B

2. Load ETS project on AEP
Prod Model.

3. Build ETS specified
associations to  newly
added objects
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SE Last 16-Jun-2021 14:04:31

MNext: 16-Jun-2021 14:05:22 VALID SOLUTION

Sleeping

Main | Scada Vs Estimates | Company Salution Guality | Cptions ‘
|

Voltage Convergence: L

Error Processing: "
Quality Check v FILTER  Internal | External | Al Company: = ALL
Bus Mismatch More Solution Quality
SYSTEM STATION KV BUS MW RESIDUAL STATION KV BUS  MVAR RESIDUAL Total Unit Error
Solution GOODWN 115 3471 26.0 BVSE4 138 6292 234 MWW 54484
# MWGen MWLoad Converged? KNOLL1 138 5218 247 MINGORD 138 6046 2219 WeR 61017
1 679446 663565 Yas JONSER G4 3422 158 WODSTK 138 8155 215
KMNOLL1 138 F214 163 LONGYWHT 1245 f655 210 Total Tie Line Error
CIMARRON 345 41649 14.6 TULSAFWR 132 6305 19.0 MW 75114
QUITMANZ B9 7025 136 TEXARK_2 ] GEA4 141 MVAR: 56277
UMIONAY 138 6110 12.0 POYNTERZ B9 759 134
RELATED DISPLAYS CHAPEL H 138 6511 115 BVCOMMC4 132 5940 132 Bus Injection Deviation
SE | Parameters SCOFFEYV 138 6233 1.0 WHITEHU 138 G306 132 T 711
Quality MBENTON 12 G714 8.1 WESTERN 3 BRAD 131 WAR: 2014
Solution lterations EFAYETTE B9 4572 T4 SEFAYETT 161 6780 125
Topology Errors BENTMNZTS 161 G388 T3 RICHMNDZ ] G766 16 Solufion Cost Index: *++++
Network Cost Summary HSL1 10 4030 59 ECENTERT 69 6545 114 ouion westincex
hetwork Telemetered Data HONEYCRK 138 1656 5 1 EFAYETTE 69 9572 110 Data Availapility % _gg_t
b Metwork Components ORU 132 8532 438 WOODFORD 138 G314 102
k Network Data Global Guality Check
RASECASE VIOLATIONS Measurement Mismatch: Bus | Branch Mare Wax MW Mismatch: :
Category Alarm  Violation STATION KV BUS MW RESIDUAL STATION KV BUS  MVAR RESIDUAL WMax MVAR Mismatch:
island LAKOVR 500.0 9168 1325 CIMARRON 1380 4174 2147
LAKOVR 2300 8165 -128.3 MICHOD 2300 8127 1838
Branch MAYFLR 115.0 2948 1078 FREFTA 2300 8162 -162.8




