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loT Driving Next Gen Solar and EV Charging

= Solar Energy

» History and progression of solar \
energy AL T

« Use cases and loT benefits ‘

= EV charging
 Market overview

e Architecture and loT Benefits

= Connectivity Overview
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History of Solar

A Brief History of Solar

1905
1876 Albert Einstein
discovers electrons
can be “liberated”
from metal by
exposure to the sun.

W. Adams discovers
that selenium
produces electricity
when exposed to
sunlight.

1954

The first photovoltaic
cell is created in Bell
Laboratories.

1977
The Solar Energy
Research Institute is
created.

grid-supported solar

1981
The first
solar-powered
airplane is built.

2009
1993 Solect Energy is
The first founded in

Hopkinton, MA.

system is completed |z
in Kerman, CA.

1883
Charles Fritts
designs the first
photovoltaic cell.

1918
08 BESE) SRS Jan Czochralski grows
SEEEECSEEE the first single-crystal
silicon,

https://solect.com/history-solar-energy/

Solar cells become
commercially
available.

1982
The first

solar-powered cars

are developed.

1978
The first feed-in tariff
is implemented
in the US.

WV

2005

The Investment Tax
Credit is first adopted
in the US.

.rsolect

Smart Solar. Smart Business.
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Solar Energy Breakthroughs
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= Efficiency

= Lithium-ion batteries 1970’s = 2019
= Cost Improvements >95% Cost Decrease

= Consumer Adoption

e 2005: Investment Tax Credit
Gross Cost Per Watt, by Half Year
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energysage ()

https://news.energysage.com/solar-panel-efficiency-cost-over-time/
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Tracking Solar Panel Efficiency

A group of U.S. scientists develop a prototype
for a solar cell capable of 44.5% efficiency

The National Renewable Energy Labratory
(NREL) and Swiss Center for Electronics and
Microtechnology (CSEM) achieved 29.8% efficiency

Sun Power achieves

SolarCity announces 22.04% efficiency 22.8% efficiency

validated by NREL

Panasonic announces 22.5% efficency

Solar Frontier 17.8% efficiency First Solar breaks

Hoffman Electric achieves
14% efficiency in PV cells

18.2% efficiency

University of South Florida
fabricates a 15.89% efficient
thin-film cell
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Utility-Scale Solar Networks

= Solar trackers — track sun across sky
= Majority are single-axis
= Shadow elimination is paramount

= Algorithms must be dynamic

|
R
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Utility-Scale Solar Networks

= Solar panels connected through Digi Mobile
XBee — Zigbee mesh Apps
XBee Zigbee Gateway
= Angle control PR
()
= Energy data, status, etc. S Web
& Apps

AN Cat-l

Ite .. <. 868aTD
© Bluetooth o " DigiMesh
(2 zigbee .. R = M
GEIDEE . (Wi )
$IEEE .- O H o
802.15.4 .- . 900D

Simple, Flexible, Secure
Wireless Connectivity
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Residential Solar Energy

Grid

P .
ite (OF)

‘ : Switchboard
@ zigbee
DC AC AC
——) = = =P

PLC

T b

@ zigbee ’

Solar Panels

Solar Inverter AC
@ zigbee Multi-mode inverter Battery

(bi-directional inverter/charger)

Home Appliances

https://www.cleanenergyreviews.info/blog/hybrid-solar-selection-guide
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loT Benefits in Solar-Driven Home Energy

= Safety: Disconnect from grid during power outage (law)

= Control and functionality:
« Configure settings
* Contact support
* Get alerts about system issues

e Load control

= Information and Monitoring
« System health

« Energy source: Grid, panels or batteries.

Where did excess energy go?
* Energy stored in batteries.

* Energy provided by solar panels.

= Value to solar provider
» ROI Data!
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EV Charging

ing market

= Grow

= Government-backed growth

idential

= |oT benefits for both res

and commercial

{
|
f
/
1
i
|

e=> siucon 1ass | @) works with

SILICON LABS CONFIDENTIAL

10



EVSE Market

Attractive Opportunities in the Electric Vehicle Charging Stations Market

2' 11 }/f‘}:’lg‘iil?\f\i) UNITS 3 O ’ 7 5 I:j{i)(f:{"vf?';\f\{(‘) UNITS

[ ) ) G
5 C AGR The global electnc vehicle charging station market s projected o
0 reach 30,758 thousand units by 2027, growing at a CAGR of
Market growth in the Asia 46. 6 /0 46 6% during the forecast period
Pacific can be attributed to '
the high sales of electric il Growth of this market can be Continuous developmentsin
vehicles. especially in = attributed to the rising demand charging station technologles
China; and the presence of % forelectric vehicles. offer lucrative opportunities for
market leading OEMS in market players during the next
the region. five years.
N@) The North American electric vehicle Market growth in Europe is
—O— ANnll  charging station marketis projected attributed to the government
l cr‘\f to reach 1,135 thousand units by support in promoting EV and
0 U UQ 2027 growing at CAGR of 39.7% refated infrastructure through
: - during the forecast period. subsidies and tax rebates.

https://www.marketsandmarkets.com/Market-Reports/electric-vehicle-supply-equipment-market-89574213.html




Government Phase out of Gas-Powered Vehicles

s 2030 Iceland
2032 Scotland (United Kingdom)

Canada 2040 2035 United Kingdom
2030 Sweden
- | 2025 Norway
s i
R i ‘2030 Denmark
: Ireland 2030 : 2030 Netherlands
N
2040 British Columbia France 2040

w2030 Slovenia

(Canada) ﬁ
—

2035 California 25
(United States)

v
W [

2030 Hainan (China)
Costa Rica 2050

2035 Cape Verde

Phase-out target year

W 2025

W 2030

W 2032

2035

7 2040

. 2050

£ 2050 International Zero-Emission Vehicle Alliance (IZEVA)

Source: ICCT




EV News

= Tesla tops Toyota to become largest automaker by market value (July 2020)

= VW - Investments in battery-powered vehicles, autonomous driving and related future technologies
will rise to about 73 billion euros ($86 billion), or half the company's 150-billion euro budget through
2025, VW said in a statement. That's up from 60 billion euros ($71 billion) a year ago, or 40 percent
of investments planned at the time. (Nov 2020)

= Audi abandons combustion engine development (Mar 2021)

= VW brand to halt combustion engine development Following Audi’s lead, the Volkswagen brand
VW no longer intends to develop new combustion engines. (Mar 2021)

= GM plans to spend $27 billion on all-electric and autonomous vehicles through 2025, an increase of
S7 billion, or 35%, from initial plans announced in March. The increased investment will support
GM’s plans to release 30 new EVs globally by 2025. (Nov 2020)

= Ford - Ford says it will go all-electric in Europe by 2030 (Feb 2021)
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https://www.volkswagen-newsroom.com/en/press-releases/volkswagen-group-raises-investments-in-future-technologies-to-eur-73-billion-6607

Types of EV Charging

Type and 120 Volt AC 240 VAC
Description * Usesstandard wall outlet <+ Requires installation of an EVSE unitand 80% charge in 30-60 minutes
* Cord that comes with the electrical wiring capable of handling * Converts high voltage AC to
EV higher voltage DC for direct storage in EV
» Eligible for utility demand response batteries
programs *  Most common in public
stations
Charge Time  6-8hours 3-4 hours 30 minutes
Advantages * Noinstallation cost * Faster charge time Fastest charge time
* Low impact on electric * More energy efficient than Level 1
utility peak demand * Can participate in advanced utility
programs
Disadvantages Slow charging * More expensive than Level 1  Significant equipment and
* Higher impact on peak demand charges installation cost

* High peak demand charges
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EV Charging Networks

= Connected networks of chargers

= Retail stores, rest stops, business parking garages,
commercial parking owners, etc.

= Level 2 or DC
= Pay-to-charge
= Chargepoint, Electrify America, etc.

= |oT makes possible:
« Payment collection

« Charge monitoring and control

* Usage

Availability
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Vehicle to Grid (V2G)

VEHICLE-TO-GRID

2 DAYS
OF
HOUSEHOLD
ELECTRICITY

GRID

%‘%

MORE
STABLE
ENERGY

https://www.linkedin.com/pulse/vehicle-grid-technology-ali-bahrami/
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EVENING

[. DISRUPTION

DAYTIME

Buring the day sola

At *
£ » used lo
POW the home

POWER
TO THE
PEOPLE

MORE STABLE ENERGY

During hig!
griden
support t r
amountof e ay C
as a personal power station
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loT Benefits

HomeStation ~
© FeADy - PUEDE I AEMETE CrAEE

LAST CHARGE

54 kWh

START CHARGE

11:00 PM - 3:00 AM

Schedule

Manage your session .
remotely .. '

e S00PM - 700 AM

Contactless payment

Saetstart time

M 8:30 PM 8:30 PM 10:00 PM 10:30 PM n

wio  I0:D0FM - 700 AM O

& saenn

me  I00PM - 7:00AM a)

Schedule preferred
charging times

https://www.electrifyamerica.com/mobile-app/

¢« Public

charges

Current Session

See your charge history

* Availability Alerts
* Load Balancing

. * V2G
6 min a * Premium offers in app
Charging started . .
Your charging session started successtully ° F|nd stations
S I * Payment

Track your progress
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Digi XBee

The most complete offering of easy-to-use radio modules for loT applications

’;“‘_ Cat-1

lte = | . 868 CID
OVER

© Bluetooth ... 1 5 ------ - DigiMesh’

@ zigbee ... ' P

AN \ILLION [ i)

WU DEPLOYED [N

PQIEEE .- ° 900 B

OIGI" XBee
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Silicon Labs EFR32 Wireless Gecko

Low Power

* Scale power consumption by taking advantage of multiple energy modes including a 0.9 puA Deep Sleep mode, with 16 kB
RAM retention and operating real-time clock. Respond quickly to real-world events with ultra-fast wake-up times and the

Deep Sleep mode capability to perform analog measurements, bypass the CPU with peripheral to peripheral connections,
and detect RF signals.

Feature Rich

« Take advantage of a rich selection of integrated high performance and low power peripherals including ADCs, DACs, timers,
capacitive touch, and communication options spanning I>C, USB and Ethernet. Reduce design complexity and bill of
materials (BOM) with on board radios featuring integrated baluns, crystal-less 500 ppm sleep timers, and multiprotocol
support.

Security Enabled Hardware and Software

« Make use of hardware security technology including a secure bootloader, energy-efficient cryptographic accelerators for
AES, ECC, and SHA, a true random number generator (TRNG), and a security management unit (SMU) for software -based
fine-grained control over peripheral access.

Multiprotocol Connectivity

%) 3 Q) @ @ - @

Bluetooth Mesh Bluetooth LE Proprietary Thread Wi-Fi Wi-SUN Zighee Z-Wave
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XBee 3 Features

Zigbee protocol

Bluetooth protocol for

» Device provisioning/configuration @ Zigbee
» Bluetooth sensors

» Bluetooth beaconing

Micropython programming for edge processing 8 BI'_]E":[][]'“‘|m

» Predictive maintenance

» Device control

» Alerts on device conditions

Digi TrustFence Security
|1

MicroPython
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Zigbee Overview

= Operates on 802.15.4 PHY, usually at 2.4GHz

= Multiple network topologies — point-to-point, point-to-
multipoint, and mesh

= Low duty cycle — long battery life
= Low latency

= Up to 65,000 nodes per network

= 128-bit AES encryption

= Collision avoidance, retries, and acknowledgements

C = Coordinator
= OTA upgrade capability R= Router
E = End Device

= Not an IP-based protocol
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Thank you
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Additional Sources

= https://www.cleanenergyreviews.info/blog/hvbrid-solar-selection-guide

= https://www.youtube.com/watch?v=0d5yWB5aEQc

= https://www.verogy.com/get-solar-farm-land/

= https://www.virta.global/vehicle-to-grid-v2g

= https://www.solarpowerworldonline.com/2020/05/standard-solar-develops-solar-tracker-
system-on-maryland-farm/

= https://www.digi.com/solutions/by-technology/zigbee-wireless-standard
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https://www.cleanenergyreviews.info/blog/hybrid-solar-selection-guide
https://www.youtube.com/watch?v=od5yWB5aE0c
https://www.verogy.com/get-solar-farm-land/
https://www.virta.global/vehicle-to-grid-v2g
https://www.solarpowerworldonline.com/2020/05/standard-solar-develops-solar-tracker-system-on-maryland-farm/
https://www.digi.com/solutions/by-technology/zigbee-wireless-standard

