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Access to Composite Data Sets for Solar Integration Analysis

* Distributed solar generation is increasing exponentially

*  There are several potentials to be harnessed and challenges to be
addressed

* Visibility of DERs is limited
* Different technologies house different types of distribution edge
information (Multiple data sets from multiple IT&OT silos)
A-DMS/ Traditional SCADA data
AMI/Smart Meter data
Smart inverter/DREMS data
PMU/micro-PMU data

Access, confidentiality, synchronization, imputation, mapping into
composite data sets for analysis are time-consuming, tedious tasks
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Provide Easy Access to Data and Algorithms for Solar Integration
Simulations

Adaptation of power systems analytics for
distribution networks with high distributed
solar generation participation

Robust physics/network model-based
algorithms

New machine learning algorithms based on
large data sets

Steady-state and transients’ analysis
Data interfaces (CIM, OpenDSS, Gridlab-D)

Replicable

Analysis

Generalisable
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OEDI S| Overview
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DMS: SCADA & RTUs & Load Forecasts

OMS & CIS & IVR: Outages

GIS: Equipment & Network Connectivity
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Local Workstation = Download public algorithms |1 Release 10 (earty) : : @E DI
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Use OEDI 5! to reproduce simulation results
Go to a use case of interest
Pick a certain scenario
Download the public composite input data

You do not need to run data pre-processing. The composite Reproducible Replicable
(integrated & cured) data is ready to be used

Download the public algorithms container(s) Robust Generalisable

Run the executable(s). You should be able to reproduce the
results (also posted on OEDI 5/)

Whitaker (2018) hitps://doi.org/10.6084/m9.figshare.7140050.v2

Main goals of this function

Compare different scenarios (algorithms) for a specific use
case (distribution state estimation, volt/VAR, etc.)

Build confidence that a particular approach works

Contribute to a public data & algorithms repository for

future R&D work
SOLAR ENERGY
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Use OEDI 5! to replicate simulation results
Go to a use case of interest
Pick a certain scenario
Download the public algorithms container(s)
Go to the raw data page for that scenario Reproducible Replicable
Download the public raw input data
Swap (some of) the public raw data with your private data Robust Generalisable

You will have to run data pre-processing. You will get a notificatic
when the composite (integrated & cured) data is ready

Whitaker (2018) hitps:/doi.org/10.6084/m9.figshare.7140050.v2

Run the executable

Use the metrics posted on OEDI 5! to check how a particular approach
performs with your own data

Main goals of this function
Compare different scenarios (algorithms) for your data

Pick a particular approach works best with your data
SOLAR ENERGY

TECHNOLOGIES OFFICE
U.S. Department Of Energy



Use OEDI 5! to ensure your algorithm/approach is robust
Go to a use case of interest
Pick a certain scenario
Download the public algorithms container(s)

Swap (some of) the public algorithm(s) with your own Reproducible Replicable
algorithm/approach

Download the public composite input data

Robust Generalisable

You will not need to run data pre-processing

Whitaker (2018) hitpsssdoi ora/10.¢ m9.figshare.7140050.v2

Run the new executable/container

Use the metrics posted on OEDI 5! to check/verify your approach
works

Main goals of this function

Ensure your algorithm works under different scenarios for a specific
use case

Share your algorithm with other researchers on OEDI
SOLAR ENERGY
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Use OEDI 5! to ensure your algorithm and data is generalizable/
scalable

Go to a use case of interest

Pick a certain scenario

Download the public algorithms container(s) & swap some with your own

Go to the raw data page for that scenario

Download the public raw input data

Swap (some of) the public raw data with your private data

_ _ Reproducible Replicable
You will have to run data pre-processing.

Run the new executable/container

Robust Generalisable

Use the metrics posted on OEDI 5! to check/verify your results

M a i n g O a | S Of t h is f u n Ct i O n Whitaker (2018) https:/doi.org/10.6084/m9.figshare.7140050.7,

Ensure your algorithm works under different scenarios with your own
data

Share your algorithm and data with other researchers on OEDI
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QEDI

Local Workstation

= Download public algorithms

[
localData 1 » Download public data < _ _
Repository = Duplicate results posted at OEDI S| : OEDI Sl Public Use Cases Library
Local Data H
* Your network H DSSE
L e voi/vaR
« Your PMU r . . . . N . Fault Location
« Your solar profile 1 = Swap (some of) public algorithms with your algorithms I . a §
* Your historical load : = Download public data :< E
Y;)urAIgorithms I = Check your results against posted results | : :
« DSSE : = Verify your algorithm(s) work : E I
*FaultLocation [ R B B - I
—‘I — —
- |
. 1
OEDI Sl Data [
Repository I
LB R R RREEREERERERRERRERENERNERNNRNRNRRRRRRRRRRRRRERERRERNNENNNRRRRRERRERRERRERERE RN RRRRRERERRERRERRERERNNNNNRNRRRRRRRRRERRERRERRERRERENENNNNNRRRNRRRRERREREHR.] : RaW Comp05!|te

* Network * DSSE
* Load Profiles * Volt/VAR
* PV profiles, * Fault

tc. Detection
OEDI SI Multi-purpose Executable Libraries -

Data Preprocessor

Other Functionalities

Data Profiler & Anonymizer Data Imputation Model Conversion Container
Data ve.r.ification. P - s
Solar disintegration Provide missing data J— »

Time-series load profiles
Time-series PV profiles

Co-simulation Orchestrator
(HELICS)

OpenDSS Container




OEDI

OEDI FY22 Lab Call, Core Topic

Public

Public Data

Network models
. 123 IEEE network
=  SmartDS networks

Complementary data
=  Load/solar PV profiles

AMI/Smart meters

Smart inverters

PMUs

Smart sensors

Network models

Confidential complementary

data

Private Data

Confidential network data

Confidential load/solar PV
profiles

Confidential smart meter data,
etc.

Public Algorithms

Verified algorithms using
= 123 |EEE network
=  SmartDS networks
Steady-state & Transients
= Distribution State Estimation
=  Volt/VAR optimization
=  Fault location, etc.

Network model (physics
based) algorithms
Machine learning algorithms

Private Algorithms
To test proprietary algorithms
locally

Using OEDI SI data pre-
processing
Using OEDI SI public data

9]EeAlld

f

Ready by 2023 Fall

f

Ready by 2024 Fall

* SETO Core Lab Call Program

National Labs collaboration

ANL, NREL, ORNL, PNNL

2022 Oct. to 2024 Sept.
Approaching end of 2" Budget P
User interface is rudimentary

But private data/private
algorithm proof-of-concept
implemented & tested

Actively promoting to public
Users group kick-off

In BP3, more data & Ul &
algorithms/data from other
SETO/SI programs/projects
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OEDI S| Web Portal o

What is OEDI SI?

Incrodictio

* Leverage existing-OEDI -architecture - m e

Suzic 0323 Soes Integragon 3nd raoaing IRSS 2 3ingle Sonzizsent 9323 36 In SoMe SF T
.
"

E DI  OEDI is beingfunded:through:a.different Lab Call Topic
© Typically, g}?%fe,ggu,p@e,datamm e e e

Open Energy Data Initiative
U.S. DEPARTMENT OF ENERGY ’ OEDI SI us.e_s ﬂw’case Concept

Dot W

- o © Multiple rawsnp ' ed rated to form a single

composite inputdata -

Featured Data —:

By
000
Machine .
B e QEDI S
—_—_——rr——————
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Data Lakes OEDI-SI

A data lake is a collection of curated and OEDI Solar Systems Integration Data &
diverse datasets built to accelerate Analytics. Tools to develop reproducible and
accessibility and collaboration. The lake generalizable power systems simulations.

enables sustained access to large data files.

SATES I par e f O Lenes

L Prapmeneiiar
Dere Mres e MpceTew

https://data.openei.org/ & &8 8
https://openei.org/wiki/OEDI-SI/Overview -

Use Cases

7 SOLAR ENERGY
e i i

Ot Anseymizagon U3e AM g2t2tc generase load profies

e



https://data.openei.org/
https://data.openei.org/oedi_si
https://openei.org/wiki/OEDI-SI/Overview

OEDI S| — Use Case Concept

* Use case based
Each use case presents a main solar integration analysis/ approach/ challenge

Each use case will have multiple scenarios
Scenarios will provide specific solutions with a specific composite input set and the results associated
Each scenario will have its references
* Each scenario may have multiple composite input data
* Each composite input data set will have its raw data components

* Currently, limited use cases and scenarios

* Also, the user interface is rudimentary

Use Cases Scenarios Scenario Description
Data Anonymization Use AMI data to generate load profiles
Data Preprocessing
Data Imputation Provide estimate for missing streaming measurement data
Distribution System State Estimation (D55E) | Extended Kalman Filter DS5E Provide voltage estimation using extended Kalman filter
Distribution Optimal Power Flow (D-CPF) Feedback-based D-OPF Provide optimal setpoints for controllable devices
Event Detection and Identification Event Detection and Identification | Detect and identify transient events

7 SOLAR ENERGY
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OEDI S| — Use Case

Scenario

Example

» DSSE (Distribution
State Estimation)

Use Cases

links

OEDI-S| / UseCases / 2-D

Summary
Scerarios Case Summary

System State Estimation (DSSE) State estimation is 3 data proceszing algenthm in power Systems that gensrates an estimate of ystem states (commonly buz voltages and angle!

BNt to generate the state eztimates [1]. Distribution System State Estimation (DSSE) is different from the traditional TS5E Largely due to the fundamental difference between the distri

ans that more ctates are required to be ectimatad in DSSE. In literature, the DSSE problem iz sotved largely through model-bazed approaches such 3z Weighted Leact Squares (WLS

asting aided algorithme. This method iz uzad bacauze it can model the temporal relationship between states unlike the traditicnal model-bazed methods.

Workflowsz
References
Additional Uze Cazes
1- Data Preprocezsing
strbution System

Scenarias

-
Extendad Kalman Filter DS5E Scenario

Workflows

Input Data
§ '!""I . .,,2,‘,,,_5 Output in csv format |
5 1" Ay N e —

e ———

Locel

Use Cases

Scenarios

Data Preprocessing

Data Anonymization

Power Flow  MELICS
Fed

Distribution System State Estimation (D5S5E)

Distribution Optimal Power Flow (D-CPF)

Feedback-based D-OPF

Docker Container

Event Detection and ldentification

Event Detection and ldentification

De Download

References

1. A. Abur and A. G. Expozito, Power system state estimstion: theory and implementation. CRC prezs, 2004.

2. M. Fotopoulow, 5. Petridis, |. Karachalioz, and D. Rakopoutos, A review on distribution system state eztimation algerithms,” Applied Sciences, vol 12, ne. 21, p. 11073, 2022

3. A. Angioni, J. Shang, ¥ Ponci, and A. Menti, "Real-time menitoring of distribution system based on state ectimation, ™ 12EE Transactions on Instrumentation and Meazurement, vol. 65, nc.’
4. A Bernieri, G. Betta, C. Liguon, and A. Lozi, "Neural networks and pseudo-meazurements for real-time monitoring of distribution syztems,” IEEE tranzsctions on instrumentation and mea:
5. M. Ferdowsi, A. Benigni, A. L'owen, B. Zargar, A. Menti, and F. Ponci, “A ccalable data-driven monitoring approach for distrioution systems,” IEEE Tranzactions on Instrumentation and Me:
6. M. Shafiei, G. Ledwich, G. Nourbakich, A. Arefi, and H. Pezechii, Layered baced sugmented complex kalman filter for fact forecasting-aided state estimation of disribution networks,” ar!
7. G. Durgaprazad and 5. Thakur, "Robust dynamic state ectimation of power cystem: b3zed on m-estimation and realiztic modeling of syztem dynamics,” |EEE Trancactions on Power Syste
8. D55E Workflow Table
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Sumemnary
Docker Comtainer
Input Diata

OEDI SI — Scenario
Example

Output Data

Component Raw Data
References
Additional Use Cazes
1-Data Preprocessing
2 - Dizwriboution Systern State Estimation
3 - Dictribution Optmal Poveer Flow
4 - Bvant Detecton and |dentification

- Extended Kalman Filter st o
based State Estimation

algorithm

Summary
eanaros Use Case Summary
Workflows
) Distribution System State Estimation (D
Referances measuraments to generats the state estmi
Additional Use Cases This also means that more States are requi
1- Dita Freprocessing dass of forecasting aided algorithres. This
2 - Dizribution Systern State Estimation

3 - Diztribution Optimal Paver Aow
4 - Byent Detaction and [dentification

Scenarios

Scenarios
Extended Kalman Fileer DESE

Scenario Summary

An Extended Kalman Filter (EKF)-based State Estimation algorithm

= Methodology

= This scenaric employs an extended Kalman fileer (EKF) based method for D55E. The EKF method has two-steps ie., prediction step and an update step. Mote that the

= The DSSE algorithm iz integrated im OEDI-5] as an independent federate, where HELICS maintains a message quevs. This allows each federate to mowve at their own |

the EKF algorithm (D55E) federate generates the voltage magnitude and angle ectimates by v=ing the measuwrement set and topology data. Resulis are logged by the

" Inputs

=  Mode names, nominal node voltages, and angles

= System Y-bus matrix

= Location of source bus

= Mominal active and reactive power loads at all nodes (used for pseudo-measurements)

= Meazuremenits of voltage magnitudes

= Meazuremnenits of real and reactive powers

=  Location of all measurements. Mote that the measurernents are randomly generated at 20 % of the total nodes (as configured in the sensor federate). For the rest of1
= Outputs

= [Ectimated voltage and the estimated angle at all nodes
= Configuration

= The w=er iz not reguired 1o manipulate the inbernal contents of this image. Te run the mage. the user needs to follow the instructions in the readme file.
= \Webinars

= ‘Webinar_Demo_Presentation PRNL_D¥SSE.pdf

Docker Container

Downiload docker image fram OEDI] website: hitps://hub.dodser.comy'r/ openenengydatainitiative /oedisi-d=se-demo 20

Input Data

Dionwniload imput data from OED] website: hitps://github.comy'openED foedisi-ieesl23 0

Output Data

Results are writken in .csv files in the data folder: hitps: //fhub. dodker.com/r/openenergydatainitative/oedisi-dsse-dema (2

Component Raw Data

IEEE 123-bus Distribution Mebwork Data

References

1. hitps-/ fgithulb.comy GRIDWPPSD/ gridapood-state-estimatorftree/GADAL 0.6 G
2. F. B. dos Reis, A P Reiman, and G. D Black, "Distributed multi-area state estimation for distribution systems,” im 2022 IEEE Power Energy Socety General Meeting (P

Badk to DS5E Use Caze  [Eg
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OEDI SI — Raw
I n p u t D a ta Riﬁf’k model (OpenDSS) IEEE 123-bus Distribution Network Data

Load profites

PV profilez

Network Topology Raw Data

@ I E E E 123 BU S = Network model (OpenD53S)(4

= Load profiles (@'
s PV profiles (2

- WWERANTIET LRI P IELaT LU _FINNL ST

Network Topology

Docker Container

Download docker image from QEDI website: https:/hub.dodercomy' r/ openenergydatainitiative oedisi-dsse-demo &

Input Data

Donnload input data from OED] website: ttps://github.comdopenED! foedisi-ieesl 2300

Qutput Data

Results are writhen in .csv files in the data folder: hitps: //hub.dodser.comy/r/openenergydataini iathve/oedisi-dsze-demo [

Component Raw Data

IEEE 123-bus Distribution Network Data £y

References

1. idps=/ Fgithuib.comy' GRI DAPPSD/ gridappod-state-estimatortree/GADAL 0.6
2.F. B. dos Reiz, AP Reiman, and G. D. Black, "Distributed multi-area state estimation for distribution systerms,” in 20

Back to DS5E Use Caze  [Eg

Category. OEDI-5I

figure zhowing tHe netwerk topology
Download
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OEDI Functional Overview

OEDI Sl Input API

[

: Model Conversion

CYMDist =» OpenDSS

Synergi = OpenDSS

CIM =» OpenDSS

IEEE =» OpenDSS

GridLab-D =» OpenDSS

e

OpenDSS = CIM =>» ATP

CYMDist = OpenDSS = CIM =» ATP

Synergi =» OpenDSS =» CIM =» ATP

GridLAB-D =» OpenDSS = CIM = ATP

—

: Pre-processing

Algorithms

Steady-state

- Snapshot

- QSTS

- ML-based

- Physics-based

OEDI SI Output API

——

: Data Post-
| processing

=

N

- Fault identification

- Fault location

- Zone identification
& DER aggr_esation

------&----------

------1

1 Docker Container2.a

e

A

ATP*, PSCAD*

Container3.xs

------m---------

-------m--------

Docker Container2.b

I-------“---------

\

: Model Conversion
(optional)

OpenDSS = CYMdist

OpenDSS =» Synergi

OpenDSS = CIM

OpenDSS => IEEE

OpenDSS =» GridLab-D

l------------.

Containerl.a

|
ATP =» OpenDSS

ATP =» ePHASORSIM

Container1.b

—mmmmmm————- SOLAR ENERGY
TECHNOLOGIES OFFICE
U.S. Department Of Energy



OEDI

Functional Overview

Setup

User Selection

/\ L
: < RRTTEELELEEEREEEEEELLEEE > Grld Model
Model Library: .....] @ |eenidl
e.g. |EEE 8 FTT——— : ...................... > PowerElow o
smartos | S ol wgorithm | Federate
. Y
| S — S
Timeseries | : HELICS Broker
Library g 5:
2 €} | HELICS Filter to
% =3 make
] AMI/SCADA/etc.
Simulation :E
Coordination 8 HELICS
I ----------- W ————— -
jmemEmEEmm——_—— 1---' ------ n
i T
.......................... H Controller, il
e o o N ST |
é::Algorlthm ’ ::
ol

........... oy~

Analyze

Jupyter Notebooks
(interactive analysis)

Data Archive

User

download High-level

summaries
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OEDI Distribution State Estimation Workflow

<

S Run Input Data : . . :

= o — Simulation Monitor Output in csv format

S Docker _ A T
T = r_n"f i
EES " !
I , :
I
:W L Start PF Fed W L SR S50 W L S.tart W | Start Recorder :
1O Fed Algorithm Fed . Fed I
| [P |
1w I
5 :

I

B | :
19 | o I
:'t Run OpenDSS - = Plot :
1 O ) Calculate Metrics '
133 St L !
i & x & !
: } .
' :
i S Create Docker Container 1
19 Measurements a
1S S !
:m g :
I
1 £ ) :
ES Run State :
1S »n ) i
:_@ E Estimation :
1<C W 1
I I
L I

SOLAR ENERGY
TECHNOLOGIES OFFICE
U.S. Department Of Energy




OEDI S| — High Level Flow

Select Analysis .
S " = twol
_% Q Pick Input Data I .
-og : | Local Data
S emmmsssss, Repository .
= . Run docker Ifin N
= 8 orchestration
20
Q
-~ Y
1 o :
L o & I ] e Composite
1 © £ ] :
S S 1 I (integrated) Data
| Q a5 o I l
TEES§ i i
Iq GO 1 1
L—-—-—-—-— M M M M M S S e S M M
. ¥
: = Get scenario Startélgorithm
] Start Integrator
Iy
1T
1
1
1
1
1 —
I & _
] E g
o
19 3 ©
- c 3
S =
: Q Container 2
|
|
13
1 Q
1 <
I 8. b Doc-ker s—p—
L O '-E Container 3
|
|
I < Docker
1 9., Container4
183
LV
| I
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Provide Easy Access to Data and Algorithms for Solar Integration
Simulations

Adaptation of power systems analytics for
distribution networks with high distributed
solar generation participation

Robust physics/network model-based
algorithms

New machine learning algorithms based on
large data sets

Steady-state and transients’ analysis
Data interfaces (CIM, OpenDSS, Gridlab-D)

Replicable

Analysis

Generalisable
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Questions???

https://openei.org/wiki/OEDI-SI/Overview

What is OEDI SI?

Introduction

OEDI Solar Systems Integration Data and Modeling (OEDI Sl) is a collection of use-cases that provide public domain data sets, their curation and mapping into single in
The main goals of OEDI Sl are to:

= Provide access to public data, data integration and mapping into a single consistent data set in some of the widely accepted /0 formats
= Provide at least one physics and network, or data and ML based power system analysis algorithm({s)

= Enable reproducible, robust, replicable and generalizable R&D in simulations and emulation of solar system integration

= Encourage and enforce open-source algorithms and publicly available multiple data sets in standard |/O formats

Who is involved?

Currently, OEDI Si is still being developed by a subject matter experts with collaboration of four National Laboratories: Argonne National Laboratory (ANL) (4", National
Lab Call Program by DOE/SETO Systems Integration.

____ MewTechnologies DataStack
D2

{ Paint on Wave

DMS: SCADA & RTUs & Losd Forecasts

|
|
|
OMS & CIS & IVR: Outages |
|
/

GIS: Equipment & Netwark Connectivity

Nara etarad in tha |aka ic artinnahle and diernusrahla inrreacinn arraccihilibe ta larne and ramnley daracate

'///////“ U.S. Department Of Energy


https://openei.org/wiki/OEDI-SI/Overview

Questions???

@E DI https://openei.org/wiki/OEDI-SI/Overview

Open Energy Data Initiative
U.S. DEPARTMENT OF ENERGY

Q search energy data Search

Featured Data

@ Oy
20000
Lamine  Analytics OQEDI S| What is OEDI SI?

OEDI Solar Systems Integration Data and Analytics (OEDI S} is a collection of use-cases that provide public domain data sets, their curation and
mapping into single integrated input data for power system analysis of distribution and transmission networks with high solar generation resources.

iy

The main goals of OEDI Sl are to: New Technologies Data Stack

P —- R — -\

= Provide access to public data, data integration and mapping into a single consistent data set in some of the widely accepted 1/O formats 1> |

= Provide at least one physics and network, or data and ML based power system analysis algorithm(s) | Pointan Wave !

Data Lakes OEDI-SI Enable reproducible, robust, replicable and generalizable R&D in simulations and emulation of solar system integration | i :

Encourage and enforce open-source algorithms and publicly available multiple data sets in standard /0 formats : i

A data lake is a collection of curated and QEDI Solar Systems Integration Data & Currently, OEDI Sl is still being developed by a subject matter experts with collaboration of four National Laboratories: Argonne National Laboratory \ !
diverse datasets built to accelerate Analytics. Tools to develop reproducible and (ANL), National Renewable Energy Laboratory (NREL), Oak Ridge National Laboratory (ORMNL), and Pacific Northwest National Laboratory (PNNL). It

accessibility and collaboration. The lake generalizable power systems simulations. is being funded through a 2022 Lab Call Program by DOE/SETO Systems Integration.

enables sustained access to large data files.

OEDI S| Data

Browse OEDI Sl Use-cases View the OEDI S| Wiki Submit OEDI Sl Data

Traditional Data Stack
-

———— ==

DMS: SCADA & RTUs & Load Foreeasts

OMS & 18 & TVE: Outiges

GI8: Equipment & Network Connectivity

: SOLAR ENERGY
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