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Agenda

9-9:05am: Brief Introduction to GRIP (Mayank Malik, SLAC)
9:05-9:20am: Anticipation Use Case Overview (Alyona Ivanova, SLAC)
9:20-9:45am: Absorption Use Case Overview (Paul Hines, Packetized)

9:45-9:55am: GRIP Platform Implementation (Mayank Malik, SLAC)
9:55-10am: Q&A + Discussion/Feedback



GRIP Objectives & Approach

e Develop and deploy software tools to help utilities anticipate, absorb and recover from extreme
events.

e Use artificial intelligence and machine learning for distribution grid resilience

o Predictive analytics
o Image recognition
o Apply learning and problem solving capabilities for anticipation of grid events

Phased approach to research

v Machine learning and artificial intelligence from
different data sources to anticipate grid events

v/ Validate controls for distributed energy resources for
absorbing grid events

, o _levison | | [ERmEs2 ] | |€NRECA

v Reduce recovery time by managing distributed energy antcpation G — P
resources in the case of limited communications Analytics Virtusl lelanding sty
(Santa Ana, CA) (Burlington, Seeking

Vermont) (TBD)




GRIP Value Proposition

e Extreme weather events threat to electric power systems and utility customers
e Existing utility tools do not support planning for and recovering from extreme events

e Vendors tools do not consider all available data to manage system impacts from hardware failure,
damage, and replacement process during extreme events

e Platform development is driven by industry needs validated by our TAG members
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GRIP Innovation and Impact

e GRIP applies artificial intelligence and machine learning to grid resilience
e National impact with unified deployment platform and advanced analytic tools
e Facilitates streamlining use of ML/AI applications for distribution resources

e Final deliverable: open-source commercially available product.
o Phase 1: Anticipation (Completed)
o Phase 2: Absorption (In-progress)

o Phase 3: Recovery (Future Work)



Anticipation (2018)

Alyona Ivanova

Staff Engineer
Grid Integration Systems and Mobility (GISMo)
SLAC National Accelerator Laboratory (SLAC)



Anticipation Objectives

e Determine use-cases for resilience

Asset and protective device location and mapping
Predicting vulnerabilities to extreme weather conditions
Switch re-configuration

Secondary voltage optimization with DERs

Vegetation management

Optimized work plans considering budget hardening options

e Develop a new platform based on pre-existing Google tools

e Use previously DOE funded projects (VADER, OMF) as basis for GRIP

O O O O O O

e Test and validate anticipation solution with data and models provided by
National Rural Electric Cooperative Association (NRECA)



GRIP Implementation

Developing a platform for our three demonstrations
e Implemented functional wireframe version for demonstration of Anticipation
e Will review designs for future implementation

Designed for cloud deployment
e Cloud focused on Google Cloud Platform
e Flexibility data management

Production Infrastructure and Process
e Industry standard architecture

Unit and functional testing infrastructure

Agile development process

Managed code on github



Core GRIP Simulation Analysis

e GridLAB-D implementation incorporates vulnerability analysis

e Analytical pole and line vulnerability model using weather data

o Calculation of pole vulnerability index, electrical fault propagation and restoration time
o Wind stress simulation represents worst case scenario

e Support for arbitrary vulnerability simulations

o User ability to specify the electrical system model
e (Calculations of stresses that lead to pole failures account for

Cables tension
Pole-mounted equipment
Pole tilt angle

Wind and ice loading

0O O O O



Internal pole degradation model

e Applicable to wood poles only

e Propagation of internal core degradation to outer
edges

e Degradation defined by minimum shell thickness
o End-of-life thickness: 2”

e Characterized by the difference between the
outer core and inner core moment calculations

e Accounts for pole base failures

10



Planned Enhancements to Pole Vulnerability Model

e Planned enhancements to the pole vulnerability model

o Add effect of changing wind direction
o Add ice build-up model and line loading effects
o Extend taxonomy of impacts of vegetation on lines, poles, and equipment

e Pole degradation

o Pole top failures due to equipment, weather and animal impacts

11
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https://doi.org/10.1109/TDC.2010.5484381

GRIP Further Design

Email or Username
eeeeeeeee |@example.com
Passwor d
oooooooooooo
Login
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Anticipation
Add Simulation

Absorption

Recovery

Data Simulation 4

High Risk
Peak Vulnerability
1.1146780

Grid Area #5318

Simulation 2

Bakersfields

Low Risk

Peak Vulnerability
0.3625067

Test User

Simulation 3

Low Risk

Peak Vulnerability
0.2389026

Simulation 5

Processing...

O



&

Anticipation

Absorption

Recovery

Data

Simulation1

@ Test User

+/ Completed 00:03:20

G h Network Source Weather Source Duration(hrs) Interval (secs)
rap | Network_example_name || Southern California 12 2018 | I: 24 :I | 300 | Re-Run Model
Vulnerability Threshold Vulnerability index
Critical Vulnerability Index : 1
High Peak Vulnerability : 1.0456788 1

Medium

0 Duration (hours)

Wind Speed (mph) : 48.7

| Wind Speed

100 mph |
50 mph
0 kW
0 Duration (hours) 6 12 18 24
A
Asset List Full report > [ Map | Network | OMF [[] show Connections
REe - e =
Name ~ Type Vulnerability Peak Power :;40 ° m‘ '.. s ; !. ;M'i
® Line Pole 0.2345728 4 Q  peas: e = . .
l o @ mum ‘ o i 3 §ony d
@ Node 2 Pole 0.2343682 - i i £
— ! lo @8 o ® e
@ Node 3 Pole 0.4672939 = H 3PS °®
e i
@ Node 4 Pole 0.4789442 - R ....., ‘ = ®é® .! ~...
® Node 12 Pole 0.8022221 = / iy (X J - '@ [ ] ¢
St s -
@ Node 13 Pole 1.0494033 - -~ ® i o i
} [ ® d s i oy
x
@ Node 234 Pole 0.5623556 - = ‘ :’i = ?‘\,’ S - 15
ST E s ooy Qoo >
@ Linestol0 Overhead_line 0.5623556 2 ¥ ? NS




o

Anticipation

Absorption

Recovery

Data

Simulation 7 > node 2

@ Test User

G h Network Source Weather Source Duration(hrs)  Interval (secs)
rap | Network_example_name | | Southern California 12 2018 | |24 | | 300 |
Vulnerability Threshold Vulnerability index
High 1
Medium 0.8
0
0 Duration (hours) 6 12 18 24
| Wind Speed Hide
100 mph ‘ ‘
50 mph ‘
oKW ‘M
0 Duration (hours) 6 12 18 24
Asset Properties All 5 Asset Connections ( Map Network | OMF | [] Show Connections
Name ~ Value Name 2 Type < «10 ",_. wanin e sl
T Q Autozonn Ao Pacis Q Borman usa Batersteid i £ - ——
H § sy
Area +0 sf line2to3 line FOP et Beiain g
rafotel @ emmmuvsem i £
Class Pole line3to4 line ! i " ¥ .
Height +0 ft line5to7 line g i f
Latitude 35.385283 sw3to62 - Al W
Longitude -118.999517 sw5to78 - / xnw puonc
Smih's Bakefes J
Tilt Angel +0rad sw12to21 - b i z o d
T -
Tilt Direction +0 deg 3 = = ;9
| By
Type Wood i\_% } i oy

16



o

Anticipation

Absorption

Recovery

Data

Simulation1

@ Test User

/ Completed 00:03:20

G h Network Source Weather Source Duration(hrs) Interval (secs)
rap | Network_example_name | | Southern California 12 2018 | |24 | | 300 | Re-Run Model
Vulnerability Threshold Vulnerability index
High 1
Medium 0.8
0
0 Duration (hours) 6 12 18 24
[‘.Measured Real Power v | Hide
20 kW
10 kW
0kw
0 Duration (hours) 6 12 18 24
‘A\‘ —
Asset List Full report - [ Map | Network | OMF | [] Show Connections
Name ~ Type Vulnerability Peak Power 40 v ,'. 5. ,
® Line Pole 0.2345728 - 0Q e o @ o -
ovi @ Wi senn ‘ s & K, §owy d
@ Node 2 Pole 0.2343682 - i i §
1 @0 @ @ O @
@® Node 3 Pole 0.4672939 - H .
@ Node4 Pole 0.4789442 - .. @ ® @ .i ‘.=
| ° o °
® Node 12 Pole 0.8022221 : i s @ i :
| Smths 9 . Pioncy . o
Cemes meemes o LB
5 Oy mw&
| ! ; = ~
@ Node 234 Pole 0.5623556 - 5 == - ':“‘o_. Sy
Line8to10 Overhead_li 0.5623556 ] % - g i S ® ) Pt b 17
@ Line8to verhead_line A - y %m[\ i oy ; o ;"'-«.




Absorption (2019)

Paul Hines

Co-founder and CEO
Packetized Energy
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ABSORPTION: GRACEFUL
DEGRADATION FOR RESILIENCE

2 il a 1. Storm arrives, damaging distribution circuits
¥ %77 andior the bulk grid
o'; P b .
s TR S . L4 2. Dynamically reconfigure the network

into Virtual Islands to serve as much
load as possible from existing resources
(DG, batteries)

3. Use flexible DERs (e.g., water
heaters, distributed batteries, EV

p '3:-.. -l I chargers) to help balance supply
. Rl O and demand within virtual islands.



VIRTUAL ISLANDING SEQUENCE

= Step 1. Fault occurs

Step 2. Fault isolation

Step 3. Reconfiguration (Virtual Islanding)

Step 4. Load balancing




RECONFIGURATION METHOD

After faults are isolated, choose islands to:

» Serve as much load as possible

« Ensure that each island has as much reserves/flexibility as
possible

« Minimize the number of switching events
 Ensure that line flows are within limits

* Ensure that after switching events are complete, the circuit
remains radial
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VIRTUAL
ISLANDING
TEST CASE

Legend

@ suwitch or circuit
breaker/recloser that is
closed (hot)

Switch or circuit
breaker/recloser that is
open (not hot)

Distribution circuit
node (or collection of
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Fault location

Node representing
the Bulk Grid
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CASE 1: SINGLE FEEDER
FAULT



Node representing
the Bulk Grid

CASE 1: SINGLE
FEEDER FAULT

Legend

@ suwitch or circuit
breaker/recloser that is
closed (hot)

Switch or circuit
breaker/recloser that is
open (not hot)

%
?2%9

@)

w
@
Z
O

olar

0eo

el 07

olar e Solar
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Distribution circuit
node (or collection of
nodes) with (eg)
hundreds of
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)
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<
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Battery Battery
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Node representing
the Bulk Grid

CASE 1: STEP 1
BREAKER TRIPS

o

@)

e
O

Legend

@ suwitch or circuit
breaker/recloser that is
closed (hot)

Z
O

—@-

Switch or circuit 5 7
breaker/recloser that is 9
open (not hot) e

Solar e Solar @ Solar
Distribution circuit 61 2 13
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Fault location Battery NO Battery NO Battery

-
N
w
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Node representing
the Bulk Grid

CASE 1: STEP 2
FAULT
ISOLATION —O-

Legend

@ suwitch or circuit
breaker/recloser that is
closed (hot)
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Node representing
the Bulk Grid

CASE 1: STEP 3
RECONFIGURATION 1
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CASE 1: FEEDER FAULT +
BULK GRID FAILURE



Node representing
the Bulk Grid

CASE 2: FEEDER FAULT
& GRID OUTAGE
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Node representing
CASE 2: FEEDER FAULT °the Bulk Grid
& GRID OUTAGE
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Node representing
the Bulk Grid

CASE 2: STEP 2
FAULT
ISOLATION

Legend
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Node representing
the Bulk Grid

CASE 2: STEP 2
RECONFIGURATION

Z
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POWER BALANCING AFTER
RECONFIGURATION



AFTER RECONFIGURATION

Each node uses local communications and/or local frequency
measurements to locally balance supply and demand

The primary objectives are to:

preserve the energy storage, given supply (PV) and demand
ensure that at every moment frequency is stable at 60 Hz




POWER BALANCING EXAMPLE

Y 1000

% :

hvt 1

G s00 Demand I «— Start

= [ .

o I Coordination
600 |
400 Flexible

Capacity Bid

oo Into Markets

Freq. Regulation Signal

300 SIMULATED WATER HEATERS

0 | 50 100 150 200
TIME (MINUTES) I
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REAL-WORLD ABSORPTION RESULTS
FROM ~150 DEVICES

VPP History 3.2 hr window ending at 7/16/2019, 7:50:00 AM

Power (kW)

9 08:00 08:30 09:00 09:30 10:00 10:30 11:00
I 0
Tim
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EXPECTED OUTCOMES



EXPECTED OUTCOMES

GRIP Absorption software will allow utilities to
try absorption with their circuits

GRIP Absorption il o
report will explain the c il CT C— s
technology pathway | -

needed to use
GRIP/Absorption to .
increase resilience :

for their customers |z

Solar 301




GRIP - Absorption Design

Dashboard
Key Features:

e \View previous and active
Absorption simulations

e Overview of key metrics and
outcomes

e Management and link out to
simulation details

QO crrP

Dashboard

Anticipation

Add Simulation

Absorption °

Data Simulation 4

8,233.8kwWw

Simulation 2

20,500.1 kW

15%

Bakersfield

19,653.3 kW

R TestUser

Simulation 3

34,482.5kwW

5%

Simulation test

1
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GRIP - Absorption Design

o GRIP Simulation test 1

Simulation Setup N o

Absorption Setup
Key Features:

e GLM model support
Specification of
simulation duration

e Toggle Absorption
algorithm

Load Simulation
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GRIP - Absorption Design

Simulation Details
Key Features:

e Pause/Restart simulation
Graphical representation
of Network Topology

e Tree representation of
Asset Hierarchy

©Q crr

Anticipation

Simulation test 1

Network Configuration
Network_example_123
On

30

Switch C
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GRIP - Absorption Design

Asset Editor
Key Features:

e Toggle Manual Fault
Live edit Solar/Battery
properties

e Overview of key Asset
properties



GRIP - Absorption Design

o GRIP Simulation test 1 R TestUser

Anti at) . . Jeneration Storage
neeRon Network Configuration Graph view . 8 5o

Simulation Results

Network_example_123

Key Features: .
e Time Series capture of Grid
Metrics
e Summary of key Simulation ) %
-
results Swich 002 0 101

e Detailed Log of Grid Events | —
and associated Assets i
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GRIP Platform
Implementation

Mayank Malik

Chief Data Officer
Grid Integration Systems and Mobility (GISMo)
SLAC National Accelerator Laboratory (SLAC)



GRIP Platform Implementation

Physical Architecture
Component Architecture
GRIP Database Model



Cloud Load Cloud Load
Balgncer - GRIP Balgncer - GRIP

GRIP
Physical
Architecture

@

BigQuery

Compute
Engine
Single Instance

NGINX/React »| GRIP Server

|J; Celery —

Cloud SQL

Cloud Storage

Redis Cache Eiower

—¢

GridLAB-D and
Packetized/
GridLAB-D —
Connector
instances

y ~ ZerdmQ
| |

Packetized Switch
Configuration,
Virtual Islanding,
and DER Actions
instances

Simulation run input and output
files directories
Ntmp/grip_sim_runner

Y
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GRIP

Component
Architecture

Client Container

get simulation run metad

RIP API Server Container - grip-server - (1 instance)
grip-client GRIP erver
NGINX GRIP API Server simulation run time seried
I component
un
React Client okt
run simulation Coloey ol
Generate model for OMF topology visualization

OMF
(Open Modelling Framework
Ant

, (POST)
‘—G!l OMF topology visualization (GET, test only)

-

Flower
(Celery Distributed Task
Queue Viewer)

REDIS C? e

.

update status
GRIP Server - grip-server - Celery Worker Container (Single Instance) at each step
store time series d:
}
GRIP Server Insm\e?y:.':mcus Per Simulation store
n time—
pess [ senes data
Runner sim. Parser parsed Analytics
component output — >  component time series data™  component
directory |
L s
hild process (script) end: CSV time series
output
fun script to create a new temporary Rmplgrip
container to 1) generate asset model for Absorption simulations directory
and 2) run a new simulation (Anticipation and Absorption)
GRIP GridLAB-D Container - grip-integration (1 instance created per imulation run)
GridLAB-D Process
GRIP Python Event
Loop (Run
GridLAB-D Main) R B
uses the GridLAB-D S s Fyon eviot onp GLM Model and
Python modie Lrchds—p  weather fles
via docker volume
l_ou_commu at each time step
Packetized Energy
on_commit code
Python
thread within Python event loop using ZeroMQ
run at each time step
source via docker volume
Julia - REPL
Packetized Energy
A. Virtual Islanding and
Switch Configuration

B. DER Actions: Absorption Core Algorithm
Julia

source via docker volume
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GRIP
Database
Model

ol datasource_type
PK [id integer s PK[d integer <
name chasacter varying Table name character varying Table
created_at | tmestamp with tme zone created_at |timestamp with e zone
updated_at_|imestamp with ime zone updated_at | tmestamp with tme zone
:
sccount datasource
PK [id integer PK [ integer
X [role integer AX [fle_wi  [character varying
AK |usemame | chasacter varying fle_size  |integer ‘simulation_type
password | chasacter varying K [type integer PK [ integer
created_at |tmestamp with time zone created_at | umestamp with e zone name string
updated_at | imestamp with e zone updated_at | tmestamp with time zone created_at |tmestamp with time zone
! updated at * zone
simulation IL
b
integer
character varying
|eharacter vasying
e
integer
FX [weather_datasource id |integer simulation_fun_status
FK [network_datasource id |integer K [id integer
FK [smulation_type id  integer status character varying
tmestamp with tme zone created_at |tmestamp with tme zone
imestamp with tme zone updated_at_ |tmestamp with e zone
‘simulation_run
PK [ [irneger
B el EE
K | simutation_id teger
simuiation_run_postion iteger
gim_modet_json isonb (NULL)*
duration numeric
K |staws integer
status_detaits chasacter varying
created_at [imestamp with time zone
updated_at imestamp with time zone
* Contains the user
T
i T f‘
simulation_run_result simulation_run_asset simulation_run_parsed_model simulation_run_result
PK[d integer PK [id integer PK[d teger PK[d teger
FK |simulation_run id |integer FK [simulation run id  |integer K [simulation_run_id integer K [simulation_run id [integer
simulation_fie_url |character varying name character varying parsed_gim_model_json isonb* simulation_fie_url |character varying
std_ouwt_em character varying created_at timestamp with time zone network_topology_model_json [jsonb std_out_err character varying
created_at imestamp with time zone updated_at timestamp with time zone lomt_topology_image bytea created_at imestamp with time zone.
updated_at imestamp with time zone properties ison created at imestamp with time zone updated_at imestamp with time zone.
configurasion ison updated_at imestamp with time zone
caculated_recordings  [jsonb " Parsed efter un
recordings isonb
fromAssets isonb
tAssets jsonb.
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Quick recap



e Pole location
e  Pole tilt + direction
e  Magnitude of tilt

e Wind speed
e Wind direction
(Measured + predicted)

-

Test Case: SANTA ANA

Stage 1: 100 poles (street view + human measured)
Stage 2: all street visible poles on 1 of 7 feeders
Stage 3: all street visible poles on all 7 feeders

GRIP APPS

1) Pole Vulnerability Index

2)Assess Criticality for Prioritization
3)Scenario Analysis (determine
which poles down)

Topology Detection

Switch Configuration
Detection

ML-based
Power Flows

GridLAB-D
(GML models)

Anticipation: Analytics

Update SCD
+ run again

Determine voltages
(nodes)

Determine impacts +
minimize




Absorption: Virtual Islanding

Winter Storm
Scenario

High Wind/Rain
Scenario

GridLAB-D (GLD model)

Test Cases:

1) IEEE 123

2) VEC Distribution Network
(several feeders from 1 substation

Distribution
Line Damage

GRIP APPS

Circuit
Reconfiguration

Power Balancing

Isolate faults

Determine possible
groups for islanding

Reconnect

generators & loads

incrementally thru
AMI system
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What’s Next?



Recovery: Extremum Seeking

Extreme Weather
Event
(sudden loss of load)

system voltages)

Cyber Attack (disrupt ‘

Test Case: NRECA Utility
Feeder Model

GRIP APPS

DER/Network
Reconfiguration

Voltage
Stabilization

P/Q Target
Tracking

Determine real-time

settings of DER (PV

inverters and battery
storage systems)

Deploy new DER and
battery storage
settings in simulation

—
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Q&A

Contacts:

Mayank Malik, mmalik@slac.stanford.edu

Alyona Ivanova, aivanova@slac.stanford.edu
Paul Hines, paul@packetizedenergy.com
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