: SmartGricl

UCSB | Kaiwen Li, Alex Mei, Jasun Chen, Jayden Yu, Yuyuan Wang

AgMonitor | Thomas Kuo, Olivier Jerphagnon
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€he New Nork imes

PG&E Begins Power Shut-Off to
179,000 California Customers

= 4|

|
https://www.nytimes.com/2019/10/23/business/energy-environment/california-power.html UC SANTA BAR BARA



https://www.nytimes.com/2019/10/23/business/energy-environment/california-power.html

Percentage of Distributed Solar Systems Paired with Energy Storage

@ Solar + Storage @ Solar Only

2019 2022E 2025E

»

| |
https://www.seia.org/initiatives/solar-plus-storage UC SANTA BAR BARA



https://www.seia.org/initiatives/solar-plus-storage

SOLAR + BATTERY = YOU ARE A MICROGRID OWNER!

Storage Generation
0 ' N/
5 ¢
Al [EEEEEE
ooooon

l+ 5 J\r\ ,’/ Utility

[ Microgrid ]‘_"_‘_‘_‘_‘_—_‘_;
UC SANTA BARBARA
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Base Load Flexible Load



CRUX OF THE PROBLEM

e How should you set the battery threshold?
e How should you schedule your flexible loads?

Considerations:

f ? \’:-,, 000
. oo
; 00
Future Risk tolerance  Cost-saving Renewable-energy
weather integration

W
UC SANTA BARBARA



Shutoff Resiliency

Higher Battery Threshold,
better for risky weather

Lower Battery Threshold,
better for normal weather

Cost Effectiveness

|
UC SANTA BARBARA



OUR SOLUTION

o Al-optimized personal energy management recommendations

o Historical microgrid usage visualization

TODAY, YOU SHOULD SET YOUR 1KWH
BATTERY THRESHOLD TO 20% (0.2 KWH).

Energy (kWH)

Visualization

May 0200:00 May0204:00 May0208:00 May0212:00 May02716:00 May 02 20:00

Time
~®- Energy Produced =4~ Energy Consumed (Base) Energy Consume d (Flexible)

|
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Action Workflow (Mobile Friendly!)

Al Generates 4 User Receives
Recommendations Notifications
D -—

4

\

y

Monitoring Workflow

/User Configure} 4 Microgrid N
Microgrid Updates
—>
U =

A /

User Checks /User Explores\
Explanations q Historical Data

\ J o\ —

|
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Live Demo

*barring any technical difficulties

w AgMonitor
UC SANTA BARBARA

*

SmartGrid -

Text Message
Today 2:55 PM

Sent from your Twilio trial
account - Based on weather
forecasts and historical data for
tomorrow, the ideal reserve
percentage for your battery is 30
percent, and you should use
your flexible loads. The best
times for you to start using
energy tomorrow is from
11:00AM to 11:30AM. Please visit

frontend.vercel.app/ for more

details.

o' LTE @m)



https://smartgrid-frontend.vercel.app/

CONTINGENCY

ol LTE .

SmartGrid

Text Message
Today 2:55 PM

Sent from your Twilio trial
account - Based on weather
forecasts and historical data for
tomorrow, the ideal reserve
percentage for your battery is 30
percent, and you should use
your flexible loads. The best
times for you to start using
energy tomorrow is from
11:00AM to 11:30AM. Please visit
https://smartgrid-

*

frontend.vercel.app/ for more
details.

Live Demo

*parring any technical difficulties

(o ] &)
w& AgMonitor OO0 8B8 20
A s H@n€0O o sy A B0 aD a6 (00 @

w AgMonitor
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https://docs.google.com/file/d/1Ro7EO2fI2WJaYehfEot1RB29ycxgLl14/preview

Frontend

Backend
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Al - DESIGN PRILOSOPHY

Data Energy Optimize threshold and 'Recommendations
Inputs Predictions schedule to minimize cost _ for Tomorrow |

I \

e )

Cost Cost of Cost of Cost of Power
: Utility Usages=f | Henewable | + | =g ot
Function y P@(g Waste ~ - G
K == ‘ /
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Data Inputs Optimization

< store predicted battery charge for tomorrow
N
FlexibleLoad| || v Minimize Cost
— : :
P— \ Battery Level | o
~ > Grid Usage
( .
Base Load ‘I > FEorecasted W » Predicted +
~_ —> > Battery
.. Energy Flow ;
Ty " Behavior Cost of ‘,
e |, Renewable > Recommendations
Solar — Waste
S
+
; —>  Cost of
Storm Alerts | SHtoEsk | L____ 5 Power Shutoff

User .
Preferences
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Al - HISTORICAL METER DATA

==Consumption
=EXxcess Solar
=Actual Solar Generation

high-pass filter

Flexible Load |

H iSto ri cal A 4000 4200 2400 4500 4800 5000
Meter Data - -
. Base Load =
| low-pass filter =Filtered Base Load
==Filtered Flexible Load
Historical
Solar Data
[
UC SANTA BARBARA
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Al - SOLAR PREDICTIONS ..

1000
800
600

rolling 400

synchronization 200

Historical Solar 0
Solar Data Generation

1250

Future 1000

forecast.solar API 750

Weather Data

500

250

®
UC SANTA BARBARA

e Original Predictions

ORIGINAL e g

x  Actual Generation

o,

X

TRANSFORMED

X X
X ® Lo

xxx:..ﬁ\y}x
xx ° °.:<X
¥ ; -
X .. ‘.
_é.. ?."_
R? Score: 89.2%
Mean Absolute Residual: ~ 73.4wH

e Transformed Predictions
x  Actual Generation

*
%o
%
o
x®
*
»»

0 508 S0 00 08 S R R 5

R2 Score:
Mean Absolute Residual:

I
96.3%
53.4wH



Data Inputs

Optimization

high-pass
filter

>

store predicted battery charge for tomorrow

\ 4

Battery Level

Forecasted W

Minimize Cost

'y

YVYY

>

Energy FIowJ
=

Shutoff Risk —

Predicted
Battery
Behavior

Cost of
> Grid Usage

-+

Cost of
 » Renewable
Waste

+

—>  Cost of

- L_______, Power Shutoff

"I Flexible Load
N 4
Historical A s
Meter Data e
low-pass | Base Load
Ii filter N 4
rolling Pl N
synchronization |~
Historical —— Solar
Solar Data “| Generation
forecast
.solar
Future —
Weather Data Storm Alerts
User
Preferences

» Recommendations

|
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Al - RESULTS

Self Sufficiency
S(t;ﬂ'ﬂ 98.5%*
Tgﬁﬂfﬁﬁal 100.0%

*average expected performance over a week

Historical Test Case

1500

1250

1000

750

500

Energy (Watt Hours)

250

0

Flexible Load Usage mmmm Solar Generation

= Energy Usage

I I
02/07/22  02/08/22  02/09/22

I I I
02/10/22  02/11/22  02/12/22  02/13/22

I N I B T T -~

SmartGrid Recommendations

WORST TIME DO BESTTIME

@
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Customizability Privacy

Customer
Centric

|

Interpretability SmPIEIY  15C SANTA BARBARA



Save the planet.
And your wallet.

w AgMonitor
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Olivier Jerphagnon

Specia' Thanks :)

Thomas Kuo

wY AgMonitor
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Questions 2

w AgMonitor
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Al - BATTERY MODEL =

. L , . . 95
Predicting the battery’s behavior given
- actual starting battery level
- actual energy usage =
- actual generation
85 1
R? Score: 97.41%
Mean Squared Error: 1.78
80 1

. —— Simulated Battery Level
—— Actual Battery Level
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