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Purpose Obsérvations

e Short-leg loop antenna is most
optimal design

e Slightly longer loop antenna legs
lead to lower optimal frequency

e Significantly longer loop antenna
legs lead to lower realized gain
(dB)

e PET has higher dielectric loss
tangent compared to that of
typical substrates such as Roger
5880 [3] or FR4 [4]

This research aims to create a prototype
“ground station” for Space-Based Solar
Power: an efficient renewable energy
source that could output 1.2 GWe [1],
enough to provide power to 117,602 people
annually [2]. In this project, the ground
station is modeled by a rectifying antenna.

Step 1: Model, simulate,
and design

Step 2: Print and assemble
prototypes

Step 3: Test designs and

Fig. 4: Printed, unassembled loop
antenna

Fig. 2: HFSS model of loop

Fig. 6: Assembled loop antennas
antenna A @

Objective

Three main goals for the 2016-17 academic
year:

1) Replicate functionality of 2014-15 three
stage rectifier

2)Use “peak” frequency of three stage
rectifier to optimize loop antenna
design

3) Refine prototyped loop antenna and

test new model using vector network
analyzer (VNA)

Future Work

Fig. 3: 3-Stage Rectifier design - o ¢ @
(a) EAGLE board layout Fig. 5: In progress assembly of Fig. 7: Three stage rectifier,
(b) schematic of loop antenna three stage rectifier assembly complete

e Print antenna and rectifier on
single substrate sheet to create
matching network

e Develop demo for wireless
power  transmission using
magnetron

e Scale design up for larger loads

§11 Parameter vs. Frequency for Loop Antennas

Background Overview

SBSP systems are comprised of two parts:
1) Satellites that transmit collected solar-
power as RF signals to Earth
2)Ground stations that receive and
convert the signals into DC power
Previously, this project developed a ground
station prototype and designed antennas for
5.8 GHz energy harvesting.
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Fig. 8: Comparison of measured and simulated S11 parameter of short leg
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Fig. 1: Previously developed (a) patch antenna, (b) dipole and long leg loop antenna
antenna, and (c) loop antenna

Fig. 10: Simulated 3D gain plot of short
leg loop antenna
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Everyonewants clean, reliable,
safe, economicalinlimited,
all-the-time electric power




Closing Nuclear Power Plants

ClosingCoalPlants WO N 6 t

More Windmills, Terrestrial Solar

or Virtual Hydro F .
Carbon taxes IX
Terrawatthr batteries are not

affordable CI | mate

Intermittent Power is bankrupting

and strangling our grids Chaﬂge

Eaton has crowned California the
Blackout Queen, with the most
blackouts for ten years straight!

PG&E isonly the first Corporate
Climate Change Casualty




Q: How do we Fix climate change?




1. LOW CO2 INTENSITY

2. ZERO FUEL COST ‘

3. USES NO WATER

4. CLEAN, NO WASTE

5. SOLAR @ GEO COLLECTS
9.6 TIMES MORE ENERGY
THAN ROOF TOP SOLAR

6. RELIABLE: 24/7,

WEATHER INDEPENDENT

7. REDUCED LAND USE ~ —~f
8. UNLIMITED ENERGY _¢ "“//
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California, leading RPS state, also leads in Outa

. . \ California

Californiatopped the list of 0
3 utage summary
states with the most power Total number of people affected by outages 2,709,740
. Total duration of outages 25,868 minutes (nearly 18 days)

OUtageS’ A38uri ng 2017 ,fOf Total number of outages 438
theninth consecutiveyear. State ranking (number of outages) 1

. ] Average number of people affected per outage | 6,187
Omi nously, 31% were again Average duration of outage 59 minutes

~ - Note: Total number of people affected (and average) based on 336 (77%) of the total reported outages.

0 f n U n k nown O I | rotalduration of outages (and average) based on 86 (20%) of the total reported outages.
24% wer e due L O Reported power outages by cause
E"ghu | _p. MESNS™ "0 ]  Avimal

L ORISR | T O
In-State power generation

came from windmills or

solar. Texas, the highest
national electric power

producer had less than half as
manr,)%/ outages.

M Faulty Equipment / Human
Error
m Planned

Theft / Vandalism

® Unknown

W Vehicle Accident

136

Weather / Falling Trees

Source: Eaton's Blackout Tracker
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The explosion in transmission spending by major utilities, 1996 - 2016
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Overhead conductors and devices fowers and fixtures RTO infrastructure

Transmission costs are the fastegjrowing part of electricity bills

Credit Sunrun https://www.utilitydive.com/news/heia-protectcalifornia-ratepayersexpandcleanlocal-energyand-avoid
b/554564/ Publishedvlay 13,2019 PG&E hasacked up more than $30 billion in liabilities for wildfirelated damages
caused by its transmission equipment.



https://www.utilitydive.com/news/how-to-protect-california-ratepayers-expand-clean-local-energy-and-avoid-b/554564/

A New Alternative - Space Solar Power (SSP)

SSP- Not only lower costgenerationbut lower costaccess
A transmission grid based on the central generating station
model is simpler, more reliable, and lower cost than

rebuilding to a distributed generation model.meet

Cal 1 T 0or ni a 048 SN R )
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from CA-1 S Orégsiredtransmission upgrades:

High-voltage ITransmission Access Charge

2020 .
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N Ef f ecantral of resing COZ2 is not financially feasible for

even large electric power generation companies, using current
available technologies and RPS constraints. These companies
and customers aret "capable of shouldering heavy
substantive and procedural burdens. (EPA wording)" as their
visceral connection to global economies prohibits deploying
grossly noreconomic and reliabilityeducing power

generation technologies. Space Solar Powexgairedto

ERISNESCRINIRVSET "y ad d 1 e S SIS S —]

- Summary statement for Atlanta EPA Public Hearing
November 19, 2015




Looking Back

"The world has made no progress over the past 20 ye:

reducing the carbon content of its energy supplies, de:

over $2 trillion of investment into renewakgaergy

DT O] €€ 144 NleC RGBS NI C o N
- " Scant Gains Made on CO2 Emissions, |IEA $SEVSJ

Instead Global CG levels continue to increase more
rapidly.
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http://online.wsj.com/article/SB10001424127887324493704578428591203150334.html

World Energy Consumption by Fuel
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Latest CO2 reading 41 4 75

June 03, 2019 B ppIIl

Carbon dioxide concentration at Mauna Loa Observatory
e

410 - Full Record ending June 3, 2019
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Global CQ Levels rising and accelerating
https //scrlpps ucsd edu/programs/keelingcurve/wp




Making America Carbon Neutral
Could Cost $1 Trillion a Year

By Ari Natteri Bloomberg May 13, 2019, 4:00 AM EDT Updated
on May 13, 2019, 12:20 PM EDT

From https://www.bloomberg.com/news/articles/2a1813/making
americacarbonneutralcouldcostl-trillion -a-year



https://www.bloomberg.com/news/articles/2019-05-13/making-america-carbon-neutral-could-cost-1-trillion-a-year
https://www.bloomberg.com/news/articles/2019-05-13/making-america-carbon-neutral-could-cost-1-trillion-a-year

$ Jacobsondrops his ridiculous
Experts DebunkJ a ¢ 0 b $00% 0 s defamation lawsuit against his

RenewabledDecarbonizationPlan scientific critics

21 prominent energy and climate experts,
writing in June 19, 2017 Proceedings of the environmentalist Christopher Clack, asse

National Academy of Sciencésd that that the reason for Jacobson's withdrawa

Stanford Professivia r k  J a ¢ 0 b S 0 NghSjar:@No Holibt5t. Bakobson based h
that the U.Sachieve 100% renewable energy qecision on the high probability that his

using only wind (terrestrial) solar, and hydro  |awsuit would be dismissed.”
by 2050 usesvalid modeling tools, contains  His action cameaftera hearing=eh 20 inD.C.,
modeling errors, and made implausible and  Superior Court, where Clack and the Natior
Inadequately supporteabsumptions. Policy Academy of Sciences, which published
makers should treat with cautigisionsof a Jacobson’s paper and Clack's critique, soug
rapid, reliable, and loveost transition to entire dismissal on amSLAPP groundsSLAPP
energy systems that relies almost exclusively Stands fon St r dawsigaganst public

: . . participation,” and applies to litigation broug
B V_de’ solar, and hydroeleqtrlc oA _ to censor and intimidate participants in a pu
Christopher Cla_ck, of t_he; Nat.lonal Oceanic  yopate- LA Times, MichaelHiltzik, Feb23,
and Atmospheric Administration, lead author 2018, http:/Mvww.latimes.com/business/hiltzikAa:
of the PNAS study f i miisSjacotsoBadsiit2o1do@z80@HMS@ N 6

A h aignificant shortcomings ianalysis 0O http://www.sandiegouniontribune.com/business/ener:
Lo ‘ | o green/sesdfi-jacobsoawithdraws 2018022 2story.html

Attorneys for Jacobson's main target,
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http://m.pnas.org/content/early/2017/06/16/1610381114
http://www.latimes.com/business/hiltzik/la-fi-hiltzik-jacobson-lawsuit-20180223-story.html
http://www.latimes.com/business/hiltzik/la-fi-hiltzik-jacobson-lawsuit-20180223-story.html
http://www.sandiegouniontribune.com/business/energy-green/sd-sdfi-jacobson-withdraws-20180222-story.html

#4 Jacobson et. al claim
Clack] claims wrongly that [MZJ] assumes a maximum hydropowet output of 145.26 GW even

though [2] Table 8.2 shows 87.48 GW. [Clack] then claims incorrectly that the 1,300 GW drawn in
[ MZJ] Fig, 4(b) is wr ong because it exceeds 87.48 GW, not recognizing 1,300 GW is instantaneous
and 87.48 GW, a maximum possible annual average (Table S.2, Footnote 4 and the available

LOADMATCH codg).







