- Pacifi 1 \§
t<pugheies N%N?A!‘A;‘!??t : aélﬁ
2 - ‘EEE‘: | -
Measurement &= Lo -
: ﬂs&%&
| Trustworthiness: PN - e
Value Proposition == . .

and Steps to
Demonstration

December 4, 2024

Artis Riepnieks, PhD, CSEP
Architecture & Communications, PNNL

Kaustav Chatterjee, PhD
Sensing & Measurement, PNNL

Orestis Vasios, PhD
Grid Edge, PNNL

EEEEEEEEEEEE

ENERGY BATTELLE

PNNL is operated by Battelle for the U.S. Department of Energy



Pacific

Northwest  Data Quality begins at the source

NATIONAL LABORATORY

* Only two observables:

voltage and current | i —
. . Data I el IS | Identified L verification
* Assessing uncertainty at § | i b | [ ot J
the SOU rce Of the : | . ! Li?::fn(::gzzlc | Sensor Valuation
&l Interpretation I \. v I \ J
m e a S u re m e nt fn Assess Realistic data sets

consistency in from sensor model

- Definitional uncertainty @ .2, sl 2 T

Combined Physics Correlation &
. & data driven causation of data
* Enabling transparency for o1
uncertainty propagation

sensor models anomalies to grid

uncertainty at

from wave signals to grid Data Qualiy cource signa Measurement
Standards

. =

Measurement Trust Metric

algorithms

applications, to operator
decisions

Principles Methods Outcomes

Image courtesy: Jim Ogle, PNNL



o

Pacific

Northwest  The value hypothesis

More relevant information improves decision-making process
and outcomes

 Value for grid applications, real time aspect of the trustworthiness
* Improved frequency measurement-based protection algorithms
* Improved situational awareness through utilization of trustworthiness metric
* Improved grid element model development (reduced uncertainty)

* Demonstration value:
» Value quantification for use case scenarios
» Feasibility assessment
* Improved likelihood for technology adoption
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* At least 7 different measurements

» All “correct”, all provide different answers in unbalanced, non-sinusoidal systems
» |n the picture: 5 reactive power measurands, single-cycle, sliding-window measurements,

H. Kirkham and A. Riepnieks, "A Future Standard for Reactive Power Measurement,"
2020 IEEE Power & Energy Society General Meeting (PESGM), 2020, pp. 1-4
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IEEE Standard 1459 “Definitions for the Measurement of Electric Power
Quantities Under Sinusoidal, Nonsinusoidal, Balanced, or Unbalanced
Conditions” (in ballot 2024)

= Defines measurement process requirements
* Provides workable solutions

* Indicates the necessary consensus requirements for measurement interoperability and
consistency:
v" Signal limitations
v Filtering
v' Measurement algorithms
v Necessary metadata
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The whole system
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= Best-case scenario (no uncertainty)
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* Power system becoming increasingly dynamic, less well-behaved, and with
higher demand for contro

« Fast and high-quality (including consistent and trustworthy) measurements
are essential for building human operated or automated grid actions

 Human operators — generally pushed for time

« Measurement quality should be assessed at the source and used to inform decision
making real-time

o Measurement trustworthiness metrics
* Inform automated grid
* Inform grid operators
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