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Motivation

* We have identified four
problems that are plaguing
active distribution systems;  Primary Secondary
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* Undetected fluctuations in N -

voltage Bus # 6038329671
Voltage:1.083

o\
’&;%Vo Itage:1.081

e Underutilized infrastructure
due to lack of coordination of
controllable grid-edge
resources

* Increased loss-of-life of ,
Primary Secondary

distribution system |
equipment ‘ ‘ @ |
 Unknown/incorrect models Bus # 6038329671
S . Voltage:1.052
of distribution systems Voltage:1.046
(particularly, secondary

circuits) 3




Project Tasks

 To address these

challenges, we propose Data-Driven

three tasks: GIS DAS AMI DER
Load/DER Forecasts  Feeder Pri. & Sec. Data Topology

e Task 1: Accurate
modeling of primary
and secondary circuits
(Lead: VV, AP)

* Task 2: Decentralized
voltage control in
presence of PV and EV
(Lead: AD, AP)

e Task 3: Coordination of _

o _ Safety Guarantees .
for reliable end-to-end Real-time Voltage Tracking

system operation Reliable Operation of Active Distribution Systems (ROADS)
(Lead: AP, AD, VV)

Feeder
Pri. &
Sec. Data
and Real-
Time DAS

Real-time AMI & DER Data
Historical AMI/DER
Real-time DAS

Forecasted Load/PV/EV Data

.

VV: Vijay Vittal; AD: Anamika Dubey; AP: Anamitra Pal 4



This was a massive plus

Deliverables and Benefits of this project!!] —

Industry feedback

* Automated tool for correcting GIS data of loads and DERs

* Proposed monitoring and control solutions minimize system irregularities while
simultaneously avoiding purchase of additional sensing/control infrastructure

* Decentralized nature of proposed algorithms makes it less expensive to integrate
with existing systems, and more secure and robust to single-point-failure

Benefit to Benefit to Benefit to
Utilities Vendors |ISOs/RTOs
e Receive validated * Integrate e Better distribution
feeder models developed models will
e Faster detection & decentralized facilitate T&D co-
mitigation of volt- control algorithms simulation and
age irregularities into software T&D co-
e Optimal usage of platforms optimization

existing resources studies



Task 1: Accurate Modeling of Primary
and Secondary Circuits | ==
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Task 1: Accurate Modeling of Primary
and Secondary Circuits

e Task 1.2: Automated correction of secondary circuit customer
residence loc. using county lot delimitation data available as a GIS file
* Provide a more accurate feeder topology for utilities to estimate and
operate distribution systems
e Consists of three main stages
* Input data stage
* Data processing stage

* Qutput stage

Input data stage | Data processing stage

. Optimization
Data Processing Iﬂa(%glsl::s;ne?ng algorithm
(Pyomo)
1

K. Montano-Martinez, S. Ma, V. Vittal and C. Rojas, "Automated correction of GIS data for loads and
distributed energy resources in secondary distribution networks," IEEE Trans. Power Syst. (Early Access). 7




Task 2: Decentralized Voltage Control in
Presence of PV and EV

e Task 2.1: Measurement-based optimal PV control

Step 1 — Estimate nodal P-V (S ") and ( o Rj)/VU n e M

Q-V (Siﬂ?) sensitivities SYP = ( - R)/V() i e Mt

* \Voltage sensitivity obtained using SVP ng MP i g Mt
linear Distflow model ( JEM” )/V() n e M

* Augment with local measurements V¢ _ 5 ea ;X)/V() i e M
to update sensitivities sV h 0 g P (g pg

Step 2 — Construct linearized power flow model using estimated P-V and Q-V
sensitivities
AV, = ST AP +5/¢ - AQ,

L.

am | Q-V droop curve
Step 3 — Optimize Q-V and P-V droop curves for ﬂ L\ v

PV smart inverters for feeder-level voltage Vi ow va
regulation using measurement-based power
flow model




Task 2: Decentralized Voltage Control in
Presence of PV and EV

* Task 2.2: Coordinated decentralized control of EV charging stations

with distributed PVs

Dynamic network
clustering with fully
decentralized/distributed
control architecture

Develop model predictive
controller for EV charging
stations that
simultaneously charges
EVs and mitigates the
nodal voltage violations

.
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L. Wang, A. Dubey, A. H. Gebremedhin, A. K. Srivastava, and N. Schulz, "MPC-based decentralized voltage control in power
distribution systems with EV and PV coordination," /IEEE Trans. Smart Grid, vol. 13, no. 4, pp. 2908-2919, Jul. 2022. 9



Task 3: Coordinating Existing Resources
for Reliable End-to-End Syst. Operation

* Task 3.1: Real-time
detection of voltage Real-time feeder-head

measurements ML-based primary DSSE

violations

i i Detect voltage violations in both
* Discover relations . : .. ML-based secondary voltage
bet primary and secondary circuits magnitude estimation
etween with and without V-V control g
distribution node ML: Machine Learning

V-V: Volt-VAr
voltages from
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feeder-head data
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measurements B. Azimian, et al., “State and topology estimation for unobservable distribution systems using
deep neural networks,” IEEE Trans. Instrum. Meas., vol. 71, pp. 1-14, Apr. 2022. 10



Task 3: Coordinating Existing Resources
for Reliable End-to-End Syst. Operation
* Task 3.2: Hierarchical two-level / SeralSe Ae N
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Expected Outcomes and Potential
Applications

* An efficient data-driven ACOPF formulation for improved distribution
system modeling

* Improved distribution system models for primary & secondary circuits

* An automated tool for estimating and correcting secondary networks

 Significantly reduce need for manual verification & validation

A methodology to detect irregularities in voltages of primary and
secondary nodes

* Faster detection/prevention of likely equipment failures resulting in lower cost
of maintenance/replacement

* A suite of decentralized control algorithms for coordinating grid-edge
resources to ensure reliable end-to-end system operation

* More reliable integration of DERs into active distribution systems



Task Schedule, Engagement, Relevance,

Collaboration -
o = Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
* Already received five test ----
feeders from PSERC members ----
e Organize at least two conference ------
calls every semester in addition ------
| | 3.1(APRADVV) | | | |
o regular PSERC meetings N

* Submit written e Pgsitive feedback received during review process:

status reports as * Project would be able to improve and integrate into RTO's

well as present current processes to identify mitigations for potential
risks to the Bulk Electrical Systems

. * \Very good project with immediate need

meetings * Proposal addresses several practical challenges that
distribution utilities are facing

* This will help utilities correct inaccurate models,

some of the top especially on the secondary circuits. Reducing manual

concerns of verification will save a lot of expense. Additionally,

industry members increased asset health information is a high priorityg3

posters at the IAB

* Project addresses



Response to Review Questions

 Amount of data required to accurately evaluate proposed methods? The data
required would include existing distribution power flow models of both primary and
secondary networks, 15 min/1 hour AMI readings, head of feeder measurements
which could include three-phase active power, three-phase currents and voltages

* How this work builds upon existing research and how the developed methods could
be applied in practice? This work builds on a recently completed ARPA-E project and
on-going DOE SETO Al/ML and DOE RACER projects, and will enhance the algorithms
developed to consider different architectures and topologies

 Some of the developed methods seem rather academic and not very practical. There
is a rich literature on distribution model validation, verification, and improvement;
and on different feeder Volt-var control approaches. Most of the literature deals
with very academic models of feeders and does not include detailed secondary
circuit representation up to the customer meters. The proposed approach includes

the secondary circuit up to each customers energy meter and also accounts for DERs
14



Response to Review Questions

* The proposal mentioned that “some grid reliability challenges may not be resolved
by coordinating PV systems and EV charging in a decentralized manner”; as a result,
Task 3 is proposed using DRL. If so, can we just use DRL to solve Task 2 and 3
altogether? The primary notion here is separation of time-scale and enabling
hierarchical coordination for grid-wide safety and reliability. Task 2 is introduced to
enable more decentralized control to optimize individual objectives of DER owners
rather than optimizing for grid-wide reliability. Separating these two problems helps
optimize the grid for different individual and grid-level services while attending to
reliability concerns as they arise in the system. The approach is also needed to
incorporate private stakeholders in grid-aware decision-making processes, while
maintaining their autonomy

* Also, the ACOPF proposed in Task 1.1 seems like DSSE. The ACOPF co-optimizes both
active and reactive power and matches the measured voltages to the output
voltages. In doing so, it improves/validates the distribution system models, which
can then be used with more confidence in DSSE

15



Response to Review Questions

* It seems that general concept of creating power system model with ML is not novel
... have doubts in the decentralized approach given the lack of infrastructure to
transport DER energy long distances to where it is needed. Power system models are
created using an optimization-based framework
The lack of infrastructure will equally impact centralized and decentralized
approaches. Without sufficient levels of situational awareness and controllability in
the system, we would not be able to coordinate DERs using any method. Compared
to the centralized approach, a decentralized approach better leverages edge-
computing, helps reduce communication overload, and is resilient to single-point
failure. Thus, given appropriate level of observability/controllability in the system, a
distributed/decentralized decision-making architecture is more suitable for
coordinating massive penetrations of active/controllable grid-edge resources

* Encouraged to analyze as many real feeders as possible and ensure that the tools
developed are easily understood and usable by smaller utilities with less resources.
Yes, the goal is to include data from as many PSERC members as possible depending

on the data they provide or are willing to provide ”
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