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GridSpice: Project Overview
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Can we leverage data and computational power to understand &

optimize the grid operation?

Demand is becoming “elastic”

Supply is becoming “distributed” and “variable”

Storage is becoming “viable”
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Massive amounts of data - from smart meters,

sensors and buildings




Design Objectives

Modeling the interactions between all participants of a smart grid

o Comprehensive Modeling Capability
Power Markets
o “System-level” view instead of
Transmission | r Wholesale ] “component”-level
& Distribution Markets
_ Network ¢ ) o Steady-state operation
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& Smart Cos, IPPs & o Agent-based modeling
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eman
Response
Aggregators o Real-world calibration
Resiggrrtial, o Open-Source availability
Consumers
- g o Cloud-Deployment
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GridSpice Status

Available in open source under a BSD License

Code available for download at

Cloud—hosted version available to Stanford
collaborators



http://www.gridspice.org/

GridSpice - Applications
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GridSpice Major Components
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Transmission / Market Server

GridSpice
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Controller

User-Interface Server
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Distribution Servers
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Transmission / Market Server (MATPOWER & Gridlab-D)
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Distribution Servers (Gridlab-D)
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User Interface inside the Browser
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File Management
[

New Project
- .
Save Project
Import  Export
- Load Project
First Project WECC

DISTRIBUTION_NETWORK -

triplex_meter

underground_line

node

transformer

regulator

triplex_line

overhead_line

load

substation

RESIDENTIAL_MODELS +

Transmission

Distribution

|—;‘.’?[ Switch |—i.’}

Editor  pynre

New Element
MName
NAVAJOD ...
WALMY 3...
TERMIN...
RIVER Z...
WESTWI....
WALLEY ...
CRAIG 2...
HAMFOR...
MORRO...
GRIZZLY...
INTERM...
OLIVE 23...
MIDWAY....
METCAL...
MERIDIA. ..
Mode
GREGG ...
STABZ2...
NEWARK...
MIDPOIN...

RLIRMS &

Editor

-

Explorer View

Simulation Settings Results
Validate - ’ Server 4
O O ul &
Reset Background - e
Run  Stop Climate Clock View Download

- Modules - -

Batch Update Modify Fiter Elements Select Al Deselect Al Filtter Columns Save Delete

latitude
35576917
40.806533
30.507418
34.08764
33.731085
34.30647
40.8B0295
46.613837
35.308693
44 626235
34.050486
32.789265
35.513038
37.260442
42,3763

37.002553
34.084558
3750104584
42.83528

438

lengitude name parent id
-110.148228 NAVAJOD 500 {1202}
-117.127304 VALMY 345 {5403}
-118.782476 TERMINAL 345 {6509}
-118.2245684 RIVER 230 {2613}
-112.25152 WESTWING 500 {1402}
-118.478052 VALLEY 500 {2403}
-107.512207 CRAIG 20 {7032}
-118.455032 HANFORD 20 {4132}
-120.833825 MORROBAY 20 {3838}
-121.276531 GRIZZLYS 500 {4095}
-118.263702 INTERM1G 20 {2634}
-117.012978 OLIVE 230 {2611}
-118.424348 MIDWAY3 500 {3804}
-121.699333 METCALF 20 {3333}
-122.803450 MERIDIAN 500 {4204}
Mode
-118.821265 GREGG 230 {3401}
-118.23987 STA B2 287 {2608}
-121.2852386 NEWARK 230 {3203}
-114.42 MIDPOINT 20 {6132}

-118.3 RLIRMS S0 {40030

User: test@example.com Mot test@example.com? (Log Out)

out_sve phases nomir
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Element Editor

User: test@example.com Net test@example.com? (Log Out)

File Management Transmission Distribution Simulation Settings Results
= *  New Project ~ New ~ New @ Validate %b Server m {}
- » .. Project L‘.’?[ Switch L‘.’?[ Clear Reset Background ~ =
Import  Export Edit Edit Run  Stop Climate Clock View Download
- Load Project O More ~ 07 More ~ - Modules ~ -
First Project WECC VALLEY 500 {24/ '#
Attributes
Name Value Action
out_svc H32
phases Ma e Fc Oo OnN Os Oe m
nominal_voltage 730000 Y
bustype | w
busflags SWING
PV
reference_bus PQ
Y
maximum_voltage_error 780000 A" -
Save
Child Objects
New Element
Name

Type Action
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Model Database

User gets an account on the server

e Account tied to Google ID

User can upload models to the account

e User defines permissions for model (shared or private)

e Private models encrypted using AES and user-provided
key

e Client authenticated using gmail (all models) &
encryption key (private models)
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Model Uploa
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Tranﬁmission | Market Server

GridSpice
Simulation
Controller

User-Interface Server

=

P&Q

Distribution Servers
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GridSpice Simulation Handler

Initialization Monitoring Completion

output files from all
recorded agents

servers for errors
* Partitions simulation

agents into logical * Reports simulation . _
subgroups progress & LSJ(I—:‘nds results to client
(Transmission & intermediate results
Distribution) to client Ul _ _

* Turns off machines if

* Provisions available necessary

machines for
simulation.
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Distribution Network Simulation

The powerflow solver is run at the distribution network.

Results passed to the parent bus on the transmission network.
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Prototypical Feeder Models (PNNL)

kV kVA Description
12.5 7152 Moderate suburban and rural
12.47 2836 Moderate suburban and light rural
° Feeder models based 12.47 1362 Small urban center
. 12.47 5334 Heavy suburban
on prototypical feeders 2.9 2105 Lght rura
prOVIded by PNNL 1247 6046 Light urban
12.47 6098 Moderate suburban
12.47 1411 Light suburban
24.9 17021 Moderate urban
[
Models for homes and e suos ot
commercial buildings e
constru Cted usi ng |Oad 12.47 4322 Moderate urban
. 12.47 7880 Heavy suburban
forecasting
13.8 5530 Heavy urban with rural spur
12.5 2218 Light suburban and moderate urban
24.9 948 Light |
 Uses smart meter data g
fro m S P P pl |Ot p rog ram 13.8 9430 Heavy suburban and moderate urban
12.47 4500 Moderate suburban and heavy urban
13.8 9200 Moderate rural
12.47 7700 Moderate suburban and urban
12.47 8700 Moderate suburban and light urban
22.9 12050 Heavy suburban and moderate urban
34.5 11800 Moderate suburban and light urban

12.47 5200 Single large commercial or industrial
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| @ Generators @

Current Generator Outputs
(Tight Min/Max settings)

MATPOWER
(Real-Time)

P&Q T Voltage & Angle
Prices

Distribution Powerflow
Run as Needed(15 min)

&

Next-Day Generator
Schedules

MATPOWER
(Day Ahead Market)

Load Forecast
(including Distribution

Prices l

Losses

Distribution Powerflow
Run every 24 Hours




Example: CVR and DR

Hot-spots — can
DR be used?
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Node Voltage for Hot Summer Day

Daily Node Voltages- CVR + DR

DR Penetration

. VVCDR
DR Ve TWA Minimum V,,
Penetration
0% 122.1V 120V
20% 122.6V 120V
40% 123.1V 120V
60% 119.2Vv 118V
80% 118.8V 118V
100% 118.8V 118V
IVVC 122.1V 120V

100%
80%
60%
40%
20%

Regulator Tap Adjustments

T
20 40 60 80 100 120 140
Regulator Tap Adjustments Per Month




Conclusion

GridSpice: Open Source Cloud Based Platform for
Modeling and Simulation of Smart Grid.

v No Hardware to Purchase
v" No Software to Install
v’ Available in Open Source




