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Drivers
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Operating the Old System In New Ways
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Increasing Complexity Results In Unforeseen
Circumstances
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Challenge

Prevent catastrophic failure of
assets and unplanned interruptions
to customers.
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A Part of The Solution — Better Data Management

Data management is the development and
execution of architectures, policies, practices and
procedures in order to manage the information
lifecycle needs of an enterprise in an effective
mannetr.

*Source: http://searchdatamanagement.techtarget.com/definition/data-management
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A policy is a statement of intent, and is

implemented as a procedure or protocol.

Examples — laws, regulations
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Procedure

Example

“Make a cake that says Best Wishes Suzanne,
Underneat that We will miss you”
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Practice

What you
actually do!
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T h i S Sseems I i ke Without due consideration of these, it is
unlikely that you will get what you intended or
a lot of rigor!

desired.

Considerations —

Volume, Velocity, Veracity, Variety
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ippens In An

Minute

1 Ereated By
W ElanLewns —

waofciallyChadd ‘ai
Z4 analytics

THE INTERNET IN2 02 3 EVERY MINUTE

e

22,831
: _v_kn.f_.‘o 241.2M

ChalGRT emails sent 2
18.8M

taxt messages
sent

271,309
105 & Android
app downloads

P.*'.E'-P?_-.ﬂzr:ﬂqd - - 2.4M
with smartphones o Google searches

e

694,000

‘@moji sent wideo hours viewed

1.834
cha !\

% Microsoft Teams

7222 —
(M)
y

snaps created

total Zoom 10.4M

meeting minutes. 11 35 wiewlng
g minutes

Created by: eDiscovery Today & LTMG

\ 3.47M \ e

\ YOUTUBE VIDEOS

45 2 K WATCHED

HOURS OF CONTENT
STREAMED ON NETFLIX

REVIEWS

625M

VIDEOS WATCHED
ON TIKTOK

3.5B

SNAPCHATS
CREATED

VIDEOS SHARED
ON INSTAGRAM

READING YELP

== -} minute
66K ©

PHOTOS AND

/
£

174K /

APPS
DOWNLOADED /

/162M

/ TEXTS SENT

231M

EMAILS SENT

T 13.2K

LISTENERS ACTIVE
ON SPOTIFY

PEOPLE SHOPPING

OF THE DAY ONLRE

6'3M

GOOGLE
SEARCHES



Sensors / Controllers

Transmission Substation Distribution Consumer
(100’s) (1000's) (10Ks) (100Ks)

Communication Platforms (WiFi, ZigBee, Fiber, PLC, LoraWAN, Cellular (3G-5G)

Integration Bus

Digital Twin

Made Possible By:
* Ubiquitous
Telecommunications

Challenged By:
* Variety of Sensors / 10T
e Cybersecurity
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Pipeline

Purchasing Installing Maintaining
The The The
Equipment Equipment Equipment

Telecomm

Wrangle
& Clean

Data
Storage

Analyze &
Model

Data Data
Integration Analytics
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Pipeline

How is the device
installed?

What is the . . What data can
: How is the device :
lifespan of the : the device
: configured?
device? collect?

* Data is not

How fast is the
data collected?

bandwidth does [
the device need?

always
captured.

How quickly does
eed the data need to
be viewed? e Large numbers
of devices are
| being deployed.

How much Who wants to

view the data?

What is the
timestamp
accuracy?

* Deactivated
sensors.
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Pipeline

AN
AN
AN
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* Limited to few people.

e Limited bandwidth.

* Security.
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Pipeline

Who will collect the data?

What tools will be needed to collect the data?
What protocols?

What file formats / databases?

How long will it be kept?

Where will the data be stored?
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Pipeline

Read Speed
(data points per sec)

10,000
100,000
1,000,000
10,000,000
100,000,000

1,000,000,000

Time to Read 1.89 Trillion
Data Points

6 years
7.3 months
3.125 weeks
2.1875 days
5.25 hours

31.5 minutes

Channels
(Samples/Cycle @ 166

1 (Voltage, Current, etc)
10 (1 Bus)
100 (1 Substation)
1,000 (10 Substations)
10,000 (100 Substations)

100,000 (1000 Substations)
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Pipeline

& Clean
Duplicate Data Inaccurate Data
123 61.5
122 61
121 60.5
120 60
119 59.5
118 59
117 58.5
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Missing Data Incorrect Data

123 350
122 300
121 250

200
120

150
119 100
118 50
117 0

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
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Pipeline

& Clean

A threshold is As power system
misconfigured configuration How easy isit to
resultsin a changes, devices configure the
device triggering need to be device?
all the time or mapped to (Proprietary or
not triggering current system Standard Based)
when it should. conditions.

Poor configuration management leads to bad/misleading
data.
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Pipeline
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* Excel =
 MATLAB A 10
* Too much data to
review manually! |
e Reminder1PMU

Channel - 60GB of
data per year. — 1T TTTTR
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Pipeline

Email
Spreadsheets
Powerpoint
Journals
Publications
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Pipeline

Open PQ D =P A Open PQ Dashboard
B ™ [0} Foom: oz

coecen o G o B

Find voltage sags over 3 months of data.

Contamination, 6
We look at voltage sags from November 19, 2016 to February 4, 2017.

Customer

Equi 9 . Count of Voltage Sags by Sensor per Day in October
quipment,

o a,\ \ 5
In [11): # Choose the stream
# PMU 1 from sunshine dataset
stream = streams["35bdb8dc-bf18-4523-85ca-8ebe384bd9b5"];
# Get nominal voltage of stream
vnom = get_mean_value(stream);

Sensor

Day in October

# Start and end times of period to study
start = "2016-11-19T00:00:00.0002"
end = "2017-02-04T00:00:00.000Z"

Magnitude (p.u.)

# Threshold below which data is considered a voltage sag
thresh = .99 * vnom;

-
Count

# Find voltage sag data points

sags = find_vsags_dfs(stream, thresh, start=start, end=end);
# Get features of voltage sags

starts, durs, mags = sag_survey(sags, verbose=False);
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Resources for the Electric Power Industry

2

A

File Formats —

Data —

Tools —

Benchmarks/Outage Info —

PQDIF
COMTRADE
PQds

EPRI Disturbance Library
ORNL Disturbance Library

Predictive Grid / NI4Al — Open API
PQView — Commercial
OpenXDA — Open Source

DOE — Outage Data Initiative
Grid Metrics — Power Outages
Whisker Labs — CPQI
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Key Takeaways

* The grid is increasing in complexity.

* We don’t know what we don’t know.

* Measure everything let algorithms sort it out.

 There are tools and techniques for managing data.

 The data pipeline should lead to actionable
information.
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Additional Resources

* https://btrdb.readthedocs.io/en/latest/
* https://github.com/PingThingslO/ni4ai-notebooks/
* https://blog.ni4ai.org/

* https://pingthings.io

* https://www.gridprotectionalliance.org
* https://www.python.org

* https://www.r-project.org

* https://gesl.ornl.gov/

* https://www.pgview.com/
 https://odin.ornl.gov/

* https://poweroutage.fyi/

* https://power-quality.tingfire.com
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