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APRS Satellites and Solar/EV Energy
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APRS is everywhere *
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35 mi

300 stations
In 35 miles

Find any station, Any map, Anywhere- http://aprs.fi



APRS Terrestrial Data Relay Network

» Supports over 20,000+ terrestrial users and experimenters.

Bernuda

» But stops at the shoreline and has huge holes in the wilderness

APRS Global data network
9/23/2015



Satellite Users more sparse — but global

":?:jiiiiT:-j' TR
o, l'hh.l."".:l ﬁ' “:“1“1|r[:!|rﬂ'ﬂ
B KGBIFY-1_ My KGAURF—1

=]

[ 4 1] -
WFunanCs o |

PP2RON'Z2
g Lu .FU2THN-5

P dage =" .
PRI
S

thh:}

Sy

(i1 neAn=&
ot -
KGEIFY-1
™ HEHHE=4
WRELIE=4 ‘. — Yo
4 =
= ik AEATH-6
. KDGEFH o NORO
M7 HDIGET. . 1

9/23/2015

K PCSat2,

————

UFLAYESS. .

OH3HFPY

o nnRIBH S,
kS paTPR 9 TIR-6

- LF. DR L _
EB?HI{EiH_:_#:‘; TR1DF=3

FL2CTIA g

PCSAT2 User Plot 18 Apr 06

B vmosgL
O SE s s N1_>;E|§?'K315
s e EI2GNB-1.

K ko106 ALK2RAR e
iy KATFH

1THH=R
- % SO3FYK
& DC1SK= N

SP7THR-G
"t1 OEBRPF: YOBRAA-4

S-N2ECR

= ol kiR
A AEZED 5
- AG4Z o KBAZC

I KTaMDU

EB7AKC=1
% HA4AE:!
R

APRS Global data network

Vandegriff



The Saga of The Elect-Reck . ..

50 gasan HP 80 gellon
water heater backup

- wates haatur
¢ Ton watorwator hoatpump



WB4APR Background

I can’t believe I have lived long enough
to see Solar cost half of the utilities
and EVs cost less than, and out perform gas cars!

2014

5



APRS Satellites

2015 Smallsat Cubesat Conference, Utah

PCSAT 2001
ISS 2006
PSAT 2015

QIKCOM2 2016

A satellite relay channel for Amateur
Satellite User data anywhere on earth. PSAT



Solution: Ground Terminal Applications Focus

Supports Student Experimenters world wide

|
\
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Quicker Student involvement using a Ground
Terminal Operational Concept

Ground Terminal Applications Focus (force tracking and text- messaglng)

Supports Student Experimenters
School missions/movements
Theater area communications
and Emergency Response Comms

Education

Force

Multiplier!

The Yard Patrol Craft 30 Nov 2001

APRS Global data network
9/23/2015 9



APRS Local & Global Internet linked Data Network

Global APRS Real-Time Connectivity (Endto-End Everywhere )

PC=at, 155 PCSAT2, RAFT,
Parkinson=AT, or ECHO

i

iz
email : ﬂ
engine

E

Global APRS
= Internet connectivity ||
LIVE! ICate live RF COMS
il
E
i PC=at.aprs.ong
i w ariss . net
Footprint Comims \Gate

|Gates everywhere

on the planet ARD  Every APRS uszer connected o the internet is
AUTOMATICALLY an ISate to BF for his area ithink cellular]

APRS Global Packet Radio Network

Internet Linked for live Communications

Automatic Packet Reporting System

APRS Global data network
9/23/2015



Arctic Buoy Student
Experiment
« USNA Arctic Buoy deployed March 2012

The APRS piece




Example Remote Sensors using APRS Protocol

e Very Simple
Aﬁs transmitter

i i O (> --.'. =4
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Global Wilderness Areas (90% of Earth)

 Live Global APRS Balloon Tracking Web Page
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Global Wilderness Areas (90% of Earth)

MOXER-3, 4 and 6
 Live Global APRS Balloon Tracking Web Page
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Tiny MOXER APRS (balloon data) payloads

‘MOXER-4

‘round-da-world =~




MAREA* Rover Projects ( ARRL)

e Excite kids with
Robotics

 Drive anywhere
on Earth!

* Via APRS links
e School-to-school

*http://www.arrl.org/marea-ham-radio-robotics



Psat USNA-0601 ; ] -
Ground Terminal Applications Focus

Tactical Situational Awareness andText Messaging

Last 100 stations!

APRS12 m:m LIST nm

@ai %‘ szsasa

Direction & Distance

Frequency and Tone




Tracking (on Google Earth) & T
Map.findu.com/wb4apr*

http://aprs.fi
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Tactical situational awareness
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Tenperature telenetry

www.aprs.org/wb4apr-15.htmi
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All on 145.825 MHz

APRS Data Relay Satellites since 2001 b 600

ANDE
PCSAT?Z SAHEX

— P RAFT
h?m VA
Wil e

* Common YHEAMHF, WHFAJHF, UHFAYHF
LI=A, + Global connectivity

+ Chverthe Horizon links

+ 2, 3 ord hops extended range

+ lointoperations (4= 6 or 24 passes per day) Africa
= Continuity of service

See live downlink on http://pcsat.aprs.org WWWw.ariss.net

WE4APR e e e e

APRS Global data network
9/23/2015
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Huge reduction from transponders on
Psat USNA-0601 PCSAT’s 1,2, ANDE and RAFT missions

Earlier reductions to 5”
cubesat on RAFT (2006)

Now reduced 18:1
in volume/mass for
4" cubesat 2009

APRS Global data networl
9/23/2015

22



Psat APRS Network Architecture

Global Volunteer Ground Station
Network

Internet Linked for live Telemetry | B

APRS Global data network
9/23/2015 23



70 APRS Satgates hear ISS, but only 10 hear PSAT (- 17ds)

——

PSAT Ground Stations (lgates) Feeding PCSAT.APRS.ORG

OW2CEH, 9W2DIE, 9W2]DY, AI9IN, ALOI, BD8TE, CU2ZG, DG4YGO, DH7]C, DK3WN, DLSMAM, EA1IM, EA6XQ, FAGUK, F8COD,
FR1GZ, HG8GL, HR1PAQ, HSOBBD, IK1SOW, ISOAML, IZOPMP, JAOCAW, JA2PIT, JASBLZ, JEOPEL, JH1LWU, JH4XSY, JJ1IWTK,
KOKOC, K4AG, K7GPS, K7MT, K8YSE, KB1CHU, KB1PVH, KB3KBR, KB9ZWL, KC2WBX, KC4AAC, KCIDOA, KDOKZE, KDOPGM,
KD8TH, KG6HSQ, LA3QMA, LU1DZL, LUIWFU, LU2HAM, LW2DTZ, MONRT, NOAGI, N5DUX, NSKAR, N9ZTS, NK7N, ON7EQ,
PA3EKM, PA3GUO, PAGHAP, PPSCAM, PT2AP, R4UAB, RA2FG, SM5RVH, SQ5RTW, SV3RNJ], UAOSNV, UW7HR, VK2ING, VK4CBW,
VK8MA, VO1BIL, WOIJW, W7HR, W7KKE, WASLMF, WB2LMV, YDONXX, ZL1KM, ZL2CIA, ZS5YE, ZS6AAG

APRS Global data network
9/23/2015 24



9/23/2015

APRS iGate

APRS IGate
with Raspberry Pi

and DVB-T stick

/1. fagy - o )
| __{ (T35 F58 L
VERARE ) ¥ egal =i

o

http://www.kubonweb.de/?p=130
http://www.mstewart.net/super8/aprs/RASP/index.htm
http://n5dux.com/ham/raspberrypi/igate.php
http://www.radio.cc/post/aprs-igate-with-raspberr-pi-setup

Raspberry PI iGate APRX with soundmodem
https://www.youtube.com/watch?v=MtUnuln_ 700

APRS Global data network
25



* Naval Academy Student Project *

TP ree-fodlmg, dunat disturb.
Taground, mave [ Jeep water
gnd gdv se bruningad@usna edu
* I later than 20 Moy 2002, recover
and adv se abave.
L L

2006 151 reduction

See Buoy Location and Telemetry at

http://www.ew.unsa.edu/~bruninga/buoy4.htmi

Piggrem



Remote Buoy Baseline Test — Success of 1 min Xmit rate
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QuickLook: Global APRS Data Network

¢ apI’S fl - Every Packet on Earth
¢ a“SS . net - Every packet via ISS

¢ pCS&t a.p rS . O rg — Every packet via PCSAT

APRS Global data network
9/23/2015
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Psat Unigue Power Attitude — Z coil ADCS

» Uses only one Z coil for attitude Control

Fires only within +/- 20 deg of Equator
Solar Panel angle better than 95% power
Higher reliability

Passive Spin maintenance

Burn Resistor

Fishing Line

Mitingl Antenna
Wires

one @ 72"
one @ 6"
two @ 19"

Solar
Reflective
Tape

Antenna Mounting
Point (typical 1 of 4)

|
J | .
/ 1 % e . Winter

Differential Radiation Spin



9/23/2015

n’uu-: !

38

APRS Global data network

e For Maximum
MOI about Z

« Batteries to
outside for
MOI &
Shielding

 Stainless steel
belt around
everything

30



PSAT: Aux PSK31 Transponder Payload

Flew on PCSAT?2 on ISS but astronaut broke off HF antenna
Flew on RAFT but took 1 kW uplink and negative power budget
Now Operational since May 2015 launch of PSAT and BRICsat
Both transponders built at Brno Univ, Czech Republic.

;SATFAC DigiPan
File Edt Clear Mode Ophons View Channal Lock Configure Help

Call1 ca Call3 Cal BTl ISigmﬂI Fie I Swapl TR I Mukl <« I »

he digital bit for several years now and the sound

. WEYQ DE K5NY KNSNY WEYQ
int it north, Stan

28 MHz B f s : B 435.350
SSB uplinks ¢ 1 [#RX 20355Hz Swap |IMD:  [Sq JAFC [Snap [BPSK [05/16/02 (0046152 .‘ FM downlink

APRS Global data network
9/23/2015 31



PSAT: PSK31 Transponder Payload !!!

Built Dr. Mirek Kasal OK2AQK and students Tomas Urbanec, P. Vagner

0 00 et
9 90 00 00000 00 00000000
00090 009000000 000000000

o000 0CO0OO0OO0
o 7 1
oW §

o gcoooo*scoo0co00
000090000000 ;
" o

0000000
- 00000000
o

00

P aisg wr” "o 5 Fego
B o - rn o

I8 oo
- r‘.s:r:u ARAL LA
‘mbyam. i

cooco0o0o00C

HF Linear RX FM XMTR

APRS Global data network
9/23/2015 32



PSK DopplerPSK e

| 20 | 15n | 10n | | Tawe | Dae | Cwid

: } lare QTH: Foc'd: Sert Eard Ngres:
by Andrew Flowers KOSM : ' > 3
test vin NO-54 [PSAT) TEST de DKSWNDKSWN ™+ [[Pio T) TSnrDKIWI KIWN * |
doppler 19t via NO-84 (PSAT) TEST de DKIWN {62 23 806 246 128 ¢
. DE3Wx * doppler test via NO-PA [PSAT) TEST d M TE ; TWN i
» experimental program to compensate the doppler DKIWN DySW/N * dopplere cotvia N- 84 (PSAT 0 [ RQTK de OESWIKaM ko

. . TEST de DK31N DEIWN * doler tect via etD-
shift on PSK31 Upllnks BAXISAT) TEST de DKIWN DK3 {WEIM de RQ7K pse be &
* donnles turt sde NOA MOCAT) OTde WM & AT

-

» its a PSK31 transmitter that is merged with an orbital
propagator to cause your the transmitted signal to drift
exactly opposite to uplink doppler effect

http://www.frontiernet.net/ ~aflowers/dopplerpsk/dopplerpsk.html

&l 2 <
| iOopplerfoX i
| Fie Station Satellite Help 5
Satelte info L Nk :
Sat NO-B§ Uphink Freq. 28 120 MMz : 5’
Doppler Adj -125,36¢ Hz 3
AZ 256,53 Doppler Adj. Rate: -0,35 Hz/s : %
EL- G 4 Center AF Freq.: 1000 Hz : :
L 5k Current AF Freq.- §76 Hz : 3
. '
— : §
Macros;; CQ || TEST - 2
: !
TEST de DK3WN DK3IWN * doppler testvia NO-84 (PSAT) TEST de DK3IWN DK 1 i
= 3
™ ~ t
3

Clear Buffer |
£ WRXIMD: Sq AFC Seap BPSK31 2015-07-16 11645332

APRS Global data network
9/23/2015



Jy6u
0] JJO BUUBIUE 4H JO CHHA
lapurewsal Jo Belp o) _
anp Juabue] pjay sl ing
alay ybnea jou s1 44

¢4HN

PSAT Nitinol Wire Whip Antennas

ojoyd Jo
aue|d Ul punomun 44

Aiddns Jamod 0) e
Spes| 58} J0}siSal uing

APRS Global data network

34
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9/23/2015

Wrapping Antennas to one Burn Resistor

APRS Global data network

2 Orthogonal
UHF whips

One VHF whip
One 6’ HF whip

3rd Enable Switch

35



PSAT bulletin packets

PSAT contains 3 bulletins for every country area, BLNOUSA, BLN1USA,BLN2USA for example
over the USA. The same geographical areas are used for sending Bulletins.

165 450 435 420 405 90 5 G0 45 20 45

15 30 45 ©0  F§ 90 105 120 135 150 135 150

B 7D

arbit limit

185 210 225 240 255 270 285 300 318 33D 246 © 15 30 45 ©¢ F5 90 105 120 135 160 13E 1820

PSAT-1>APOFF,ARISS , gAR,ONTEQ-10: : BLNOUSA :PSK31 435.35 Up on 28.12
PSAT-1>APOFF,ARTSS, gAR ,HGE8GL-5: : BLN1USA :ARTSS.NET & PCSAT.AFRS.CORG

PSAT-1>APOFF,ARTSS , gAR ,ONTEQ-10: : BLN2USA :See APRS.FI & 144.39 users

PSAT>AFPRSON ,ARTSS , gAR , DEIWN-8: : BLNOEUR. :PSK31 435.35 Up on 28.12

PSAT>AFRSON,ARTSS ,gAR,DEIWN-8: :ELN1EUR. :Coming scon -> AMSAT-UE Colloguium July 24-26th at Guildford
PSAT>AFRSON, ARTSS , gAR, DEIWN-8: : BLN2EUR. :See APRS.FI & 144.80 users

APRS Global data network

9/23/2015
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How not to Make a Satellite

£\
“i Weeae , &

i

Make sure it fits

Stop adding neat features...

APRS Global data network
9/23/2015
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Our Next APRS Satellites

QIKcom-1

» APRS system (PSAT)
- Release from ISS in October 2015
- flies on host spacecraft (28V, no solar panels or ADCS)

QIKcom-2

« launch December 2015
» 1st APRS TouchTone Satellite

« APRStt is a complete two way system that enters
data using DTMF and receives APRS information
by synthesized voice response.

APRS Global data network
9/23/2015

38



QIKCOM-2 converts DTMF to both Voice and APRS
and APRS data to voice!

h [Zate
Footprint Comms

With QIKCOM-2, not just APRS
but DTMF data sources can be
relayed among all users.



The 324 Grid system has 99 grids... FM19WB4APR

Position to 60 miles in 4 digits %18 19(924 277(1558/#
120112

six 2 bit nos showing locations of 6 letters on kKeys
then converted to 4 digit decimal

whidapr

I} CallSign Software - Grid Square Map

0 - Canada

AP, BP, 50, BO, CO

00, EQ, FO, 50, Ol
1-USA

LN, DN, EN, FN, SN

CM, DM, EM, FM, 01
2-C America

DL, EL FL, DK, EK

FK, EJ, F1, GI, P
3-S. America

F1, GI, HI, FH, SH

HH, F5, GG, FF, GF
4 - Europe

1P, 10, 10, KO, IN

I, KN, I8, 10, K1
5-Russia

LD, MO, NO, 00, PO
; a0, RO, LN, MM, NN
| 6 -Japan, China
1 OM, PN, TN, DI, PM

am, aL, pL, 0K, PK
7 - India

LR, RARA, MR, LL, ML

ML, LK, ME, NE, LI

A ED £ o Bl 6B = HI 10 Hy )] 1] M HD on PR il Isin 8 AU.S"-NZ
£ 2 HEE . % d el o 2 - bt # : X i o i FH, QH, OG, PG, 4G
AL B o v L] Fi i HE if 14 KL (i Ml HE ne PE [ HE ’ 4 r T
d;’é B ﬁ__,_.r“x.__}h W—-—&"ﬁ"‘\'\.ﬂ—‘-\. w"n"‘—-.-._‘_‘“m . OF, PF, OF, RF, RE

A -1 R mwﬁ%% BA |;|.ﬁ;iﬁ:vm«-r i £ L8 1}:{ M i P ; {8 T 1 9 - Afﬂ ca

il " e ]
. P B e O ! : 1L, 1K, 1,10, 0,

bt | T;’-_k, il R hA E £ EA [T H 7.3 IA ¥ i HAK B oA PA : aA "?.7"-— IH, 1G5, KG, JF, KF

The table at right begins at 00 thru 99 to give worldwide 4 digit Grids for the next APRSH DTMF satellite using DTMF only.




Standard Message communications (4 bytes)

Since 1800’s
for telegraph

sincel927 or
so for radio

Most of the
time, most of
what is said,
has been said
before

Q2 has 99
messages and
99 modifiers

One Group —- For Possible RELIEF EMERGENCY Use

OMNE Everyone safe here. Please don't worry.

TWO Coming home as soon as possible.

THREE Am in . Receiving excellent care and recovering fine.

FOUR Only slight property damage here. Do not be concerned about disaster reports.

FIVE Am moving to new location. Send no further mail or communication.

SIX Will contact you as soon as possible.

SEVEN Please reply by Amateur Radio through the amateur delivering this message.

EIGHT MNeed additional mobile or portable eguipment for immediate emergency use.
MINE Additional radio operators needed to assist with emergency at this location.
TEN Flease contact . Advise to standby and provide further emergency information,
ELEVEN Establish Amateur Radio emergency communications with on MHz.

TWI VT Arvicua ta hear from e Mo word in aame time. 2leEas cortact me A3 ancn as poasihle.
IHIKITEEM Fedical emergency stuaton sxits hare.

FUURIEEN S5tuaton here becoming critical. Losses ard damsge from
FIFTFFM Pl aeiveie yoooar comeb b oD et nal brespa e ries el
STHTFFMN Cropae rly e onrnae wiry sroveiorn Lhoes crena,

SLVLMILLM LAl ] communcations servioes also avsiable. Lstablish LA communicaton with
on chanrel

ircreasing.

FITOCHTFEFRM Tl maecboel roee o soeeen ot paecssabalee ol .
HWIMFTFFM Scopoes bl s ol weslorer reypaccrl san Rl e, caeledr e aanel Leelopibiianne
numbean)

TWENTY Temporsrily stranded. Wil need 3cme assistarce. Pleass cocntack me

TWEMNTY OME S2a ch and Resvug sssieldnoe s negded by locd qulhunibies h-;-r-::. Advise dvardamlily,
TWENTY TWO Necd aucarale milormabmen oo Che exlber L and Lype of condibions now csusbing al yow
lccation. Pleass Furrisk tris informmation ard reply without dalay.

TWELMNTY TIHIRLCL Feoort =t onca the scceasibility anc best wav to reach vour ocaton.

IWEMN | ¥ FUWUHK Evacuaton of res dants from this ares urgertly needed, Advise olans for help.
TWENTY FIVE Furnsh as scon as possible tha waathar condtions at yeur locabon.

TWFNTY STK —c ' ane care for cvan ation of cick and injured from thic lamatior perded o nnem.



Remember, lots of Space APS here on Earth

« STEM School
projects

e Excite kids with
Robotics

 Drive anywhere
on Earth!

* Via APRS links

*htth//WWW.arH .org/marea-ham-radio-robotics ... A I I n e e d E n e rgy I



Finish this Sentence:

* There is nothing certain in life except

Death and ....



Finish this Sentence:

* There is nothing certain in life except

Death and ....
Taxes ...



Finish this Sentence:

* There is nothing certain in life except

Death and ....
Taxes ...
and Utilities!



Finish this Sentence:

* There Is nothing certain in life except

Death and ..

Taxes ...

and Utilities!
But you can do something about these!



Finish this Sentence:

* There Is nothing certain in life except

Save Eliminate
30% 100% to
Zero!

Death and ..

But you can do something about these!

Lets talk Solar!



s Our Daily Fossil Burning Costs

By il e
v Y

Solar Pow i Electric Vehicle Support

¥ N

We include EV’s
because about half of
our easily-fixed energy
IS spent driving

Electric o Driving
DI’IVIﬂg [} Heating

Lighting Lighting
mA/C

Heating



When is the Payback ??7?
When 1s the Breakeven ?7??

Paying for at-home Garbage Pickup - s
was from Day ONE ! ?



When is the Payback ??7?
When 1s the Breakeven ?7??

: /
Paying for Sewage Plants — R -
was from Day ONE ! /



Big When is the Payback ??7?
Piciuret  \When is the Breakeven ??7?

Investing in Solar Power - is from Day ONE ! kil

Because that's when we Stop Beating Mother t\i
Nature and stealing from our kids future. ¢t



Four tons of coal
to generate my
. 10MWh lyear

80 tons of debris,
4 traln cars full

To mine 4 tons of coal

Environmental Impact? o generate my 10 M\Vh

1 House,
1 Year
4 Tons of
Coal

Yes, we have 100 years of coal, but there won'’t be anything left of WV!



OUR PRESENT LIFESTYLE
IS NOT SUSTAINABLE!

Are we
part of
the

—
. ' ™ N “
D TS &_
e \_;4 s

p

¥
N\




Lighting: Save 4 to 1 Energy!

Cost\SQ cents.
$1

Save $50 over the
life of the bulb!

House with 50
bulbs saves $2500

Only 1 in 4 households do it!




- - Life's Major Energy Milestones- - -

Althoogh we all want to move forward on ERenewable Energy,
the op-front investment iz often intimidating even though
we will actually =ave money in the long ron and benefit
mankind. It iz hard to make these big steps toward change.

But, rememnber that we face these big Energy HMilestone
cpportunities throunghout cour lives. If we have to spend the
money anyway Just to keep our systems=s going, then a little
forethonght and preparation may lead n=s to do the right
thing.

When i= yvour next energy milestone?

Every 20 vyears A new roof - why not =colar

Every 6 years - A new car - why not a Pluog-in?

Every 8 vears A new water heater - why neot a heatpump
Every 15 wvears A new Heating system - switch from oil/gas
Every vear - Your ntility offer=s energychoice - Choose wind
Every 12 years - New job/move/retirement - all of the above

On average, vou will face one of these every 2 years. Are
vyou ready to make the cheoice for clean energy and savings
for the rest of yvour life?




My Energy re-awakening 2007

« Adding solar panels to junkyard prius(s)




We CAN reduce emissions!
My family did  from 3000 gal/year down to 200 gal/year

One Family's 90% Reduction in Fossil Fuel Burning
gaIIonshyr

3000‘ Prius 1 1
2500

|

2007 2008 2009 2010 2011 2012 1013 2014 2015

N
Help the Environment t;
%> N

And save money!



8 Trees Eliminate
these Pollutants yr
4001bs of carbon dioxde
43 Ibs of parbculates
Dbs or I'IHII:IIJEI'I dioxida
G lbe of sulfur dioxide

218 of carbon monoxide
Demved from data on; hitpfeses coloradotrees orghenetis him

Clean Energy,
COne 220W solar panel
S SOLAR

57105 of Particulates

7 lhs af Sulfer Dioxlde
1.4 lbs Of Nitrous Oxide

0.4 b5 of Carbon Monoxde
0012 e af Uraniurm and Thoriaem

A000D0E ez of Mercuny Car b O n

Demved from hifp:len wiki pedizonghikdFossii_uel_powser_plant

Bob Bruninga, WE4APR Eq u I V al e n C e !

Each Panel = 8 Trees.

Proposed Array
1 =&t = 100 trees G
ot

= h..’ h"‘-m: 3 :(;j ‘I.".I ‘,. . "'-_.’ f."l:‘
."\-h .\p “ru

w“"aé *ud‘ 1*"\? ‘l*’"
"F"’ "r’\\“‘“ h( "F'f '\;r’\ﬁ-f“

Our system = 312 trees!

— (3 acres of trees) The 3 arrays = 300 trees’ 100 trees! WE4APR




Solar Power is here & Growing Exponentially

Graph when | first started talking in 2010

Solar PV Global Production and Cost per Watt r"'m
MW Production Cost per Wat
8000 $30
Solar PV Pricing $25
6,000 =
$20
4,000 PV Production | |||$15
$10
2,000 5
——— ss
0 —iaemm mm il n ” N $0
2885883858838 885 8¢

Solar Buzz. Companv reports.. Green Econometrics research
http://greenecon.net/wp-content/uploads/2009/10/price.jpg

Graph now!

2014

World Cumulative Solar Photovoltaics Instajlations
2000-2012 '7

/

2010

2002 2004 2005 2008 2000| W2 201

Source: EPIA

Insitute - . earth-policy.org

2

5



SO | ar Cost! Eaualed Utility in 2010

$5.00

Installed
S/kWhaty

$0.50

$0.20

$0.05

01 1

Half the Utility in 2013

Cumulative production GigaWp

10 100

g

* 1978

> Screen printed metal

* Pont contact mono

* Single crystal, evaporated contacts

7% Global

from PV "

——————

* Passivating SN
* Iso-texture multi

-(.-,.__---._-___--___-_--

Today
Retail Natural Gas Electricity S
Gn’dPari%OOQ \‘czms
Wholesale Coal Electricity B
" ~42020
2013 i

Source: Professor Emanced Sactn, Mastachusetts lsstitute of Technology
* Assarnes aanual production growth of 35% and an 15 leaening curve. PV conts based on 18 capadity facior and 7% dacount tete




As a Ham, | was so wrong!

« My concept of solar power was always this:




Grid-tie Revolutionized Solar

. No Batteries! Grid-Tie

f\d!\'/ﬁ_,
" g

st
3
s

\‘—

@ 3
’-""} /4 i’//

Every Watt Produced is valued at full Retail Rates!
ZERO MAINENANCE FOR LIFE!



Falling Prices 10-to-1

Pane! Array Cost
A 3 kW array
200 W
$15,000 2007
$ 2010
220 W qgn
st $ 2012
250 W M BBE solar Panels 30"64" 451bs= 3 lbsisn SAMM
e £ Show load = 11 bzt SEmm $ 2,000 2014
$ 1,900 2015
(300W)

$5/watt down to 50c/watt* for panels in only 10 years

*Contractor cost tho is still about $3/w



Home
1000 x
better

10x cheaper and
100 times more roof

10'an

ground

Comparing solar on the car roof compared to home solar.



AC Energy

Angles - not important PG ¢

Al IS Cost Savings

W i t h G r i d - T i e http:/fwww.nrel. govfrredc/pvwatts/

East

South
AQ* pitch = $920 [+2%) AQ* pitch =

§559 (95%

407 pitch = $599
20° pitch £ $762 (B5%

Amazing, even due East, you still get 85% effectiveness!

20° pitch = $500 207 pitch




Angles - less important, PV#TT AC Energy

WCI S Cost Savings

O re R O Of i S ! http:/fwww.nrel. govfrredc/pvwatts/

SE
135°
South
20° pitch = § 762 (B5% 207 pitch = § 859 (95%) 20% pitch = § 900
West side + § 766 MNyy side + § B57 Marth side + § 504
Total $1528 (170%)|  Total F1516 (163%) Tatal 51604

Amazing! Increase power by 60% to 100% on other side!



Tilt Angle not Important with Grid-tie

Annual Power Production
. 2.2kW South Array versus Angle

AN N e

_ §500
- pam S 1
* T
$300 CEt -g__
Either of these ontions = g
§200 —- il produce 4% 0f L T L E L
) ) an ideal array. “g E
Tilt angle chosen was 25 deg instead of 35 deg to $100 gl
reduce visibiity (<1% loss) tn g
5 0 1
B0 507 407 300 200 100 O

Any angle from 20° to 50° is within 1% of annual total

For annual total powwer, the tilt angle is not that
important. The more important pararmeteris
shade {location)



10% or more Return on
Investment for Life!

Federal gives 30% tax credit. No limit

State of Maryland Grant
— In 2010 for our 8kW system was $7000
— In 2011 was $5000
— In 2013 was $1000

AA County Real Estate Tax credit
— $2500

otal Gov’t Tax Credits re
ENDS IN 20167?... Congress”

®21633867 fotosearch.com

~ 40% of investment!



What to do with $12,0007?

and $60/mo elec bill

Ny
— -
»

Buy 4 kW solar $12k equity
Get back $3600 immediately on taxes
Get back $600/yr in SRECs (5 yrs)
Get $700 free electricity/year

Get $3000 from lllinois? County? City?

Put in bank @ 1%
Pay $700/yr for life for electricity*

$5,000 Equity left 10yrs
$ 900 Earned interest

$5,900 Equity

Own nothing

Continue $700/yr for life

$ 0 after 7 more years

$12,000 System Value
$ 6,600 Tax refund

$ 3,000 SREC’s
$21,600 Equity o
You own your own Energy system
NO utilities for life!




Remember:

* There Is nothing certain in life except

gg;e Eliminate
0 100% to
Death and Zerol

a/eé

But you can do somethlng about theseI

And 10% return for life!



Solar panels better than a pension, says minister 8% - 10%

Energy minister says those approaching retirement should consider putting some of
their savings into solar panels to deliver a better financial return than a pension

-9""

Greg Barker, the energy minister, said that anyone approaching retirement
should consider putting some of their savings into solar panels because B4 Email

they would deliver a better financial return than a pension. :



Big :
sicretl | OQUT Church Fossil Fuel Costs

& Wind
Solar Powey for ElecpgfCity iIc Vehicle Suppot
We include EV’s
_ Drivin because about half of
Electric Drivi Ving our easily-fixed energy
riving = Heating is spent driving
Lighting Lighting
mA/C

Heating

At AFM we currently burn Propane for heat



1 50% Enerqgy Driving to Church
-
T

— 50% of Church’s energy/emissions due to driving!

- With the Solar array, EV driving is 100% renewable

3 po \ : A v s
&y 7 s . f ' 17 o .

L2 B 38
Bob Bruninga, PE _
IEEE Transportation Committee http://aprs.org/EV-charging-everywhere.html



Most of what we think
we know about EV’s
might be wrong

Bob Bruninga, EVADC . Most of us,

Greybeards too,
Cost too much! drive gas cars with

Runs on coal from Power Plant (Carbon) gas-tank thinking
Range too short

Useless in power outage

Planet Impact worse than a Hummer
No Infrastructure

Not enough chargers

Takes too long to charge

Bob Bruninga, PE _ _
IEEE Transportation Committee http://aprs.org/payin-to-plugin.html




EVs Now cheaper than gas!....?
2013

2000-2012 Ford F-150 Pickup Truck # selling vehicle in USA
Average EV cost is the LESS than the average price of a New Pickup!

|
# Sales
50000 ;
& Active Auctions
i ® ﬂt.l:h‘veljslti
ngs
e 40000 | ;
ED = Average Price
(- Avg gas
— 30000 EE
i
i
E 20000
201% IM
10000
l-"

n 40000 ANONN 120000 160000 200000 24{Iﬂﬂﬂ 280000
Mileage http:ffwww. usedautograph.com/



Over 40
EV's now
on Market!

(in just 5 years!)
Over 40 by 2015!

R
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Only ONE moving part!

 Electricity less than 30% cost of gas
* Maintenance 10% of a gas car

3 Cylinder Gas Engine




Public Charging — only a security blanket

Only Provides comfort & security
like a spare gas can

» 4 .
ST |
\ . 3 ‘.l

-

L P———

e,

T

v
-

85% of all charging is at home

Buying an EV with the idea of public charging, means
not understanding EV’s and maybe buying the wrong car!


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=kt6l6e2pD2fU-M&tbnid=htTjf9r9ASW_cM:&ved=0CAUQjRw&url=http%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3AElectric_vehicle_charging_station_in_St._Pankraz%2C_Upper_Austria.jpg&ei=a45OU7_WBafKsATkxYHAAg&bvm=bv.64764171,d.dmQ&psig=AFQjCNGA5QwfjU0iMjvvTqtOiWYikbeIEQ&ust=1397743553438228

A Battery Is not a TANKI!

home  home home home Electric Car  nhome home

_ work work work work work work
F - f:lht home r

Gasoline Car

Gas

E— Station Pumping Station

Station

The Complete Paradigm Shift:

Gas cars drive-to-empty, then fill-to-full at Public Stations

EV’s charge daily at home and at work while parked

Bob Bruninga, PE _ _
IEEE Transportation Committee http://aprs.org/payin-to-plugin.html



Every EV can Charge Charging stations for

every EV is not

from any 120v outlet sustainable at-work:

Every EV comes with a 120v charge cord

T

Exist or $15 each $6000 installed

Bob Bruninga, PE _ _
IEEE Transportation Committee http://aprs.org/payin-to-plugin.html



Charge at Home (and at work)

0.3% of the need
,Z Public Charging is like looking for $10 gas!
Location Charge Ti I%ée Level Cost Driver? Speed?

Travel

Interstate Travel $$%% L3 $10,000 |Waiting...

Shopping/Visiting m=mica $$% L213 $2,000 |Parked
Workplace
‘g;lr}‘é‘”" 4 to 8 hrs L1 $ 25 |Parked

L1 $25 |Sleeping

85% of all charging is at home on
standard 120v outlets

Bob Bruninga, PE _ _
IEEE Transportation Committee http://aprs.org/payin-to-plugin.html



Chardging While Parked (1 nrs/day)

Gas-up while Using, Charge-up while parked!

mHumE .Resirjence .Wurk DSchuut&Church

Gas-up only
while using!

Bl commercial .Driving

100% L - g _—

0%
S0%;
F0%

60% . i
Time avail.

toRecharge
21 hours

a day while
parked!

5 sec to plug
5 sec unplug

Bob Bruninga, PE _ _
IEEE Transportation Committee http://aprs.org/payin-to-plugin.html



QOur Legacy Oh the

experience Horror!
People see this Reality with EV's is

And think $50

$1 aday

Bob Bruninga, PE _ _
IEEE Transportation Committee http://aprs.org/payin-to-plugin.html



Charging Load at 120v:

1 Coffee Pot = Level 1 EV charging

_—

oo ll mITI =W

(%

Employee’s pay for coffee mess We dont want free electricity, we want to
and yet get free electricity pay for it, and simply be allowed to plugin!
This vehicle is authorized
Pay $20/m0 daily charging from any
. safely available Federal
For 20mi commute 115 Vol ot

Bob Bruninga, PE _ _
IEEE Transportation Committee http://aprs.org/payin-to-plugin.html



Plug-in at work (double range, quadruple area)

Charge at home only = 16 mi range (chevy volt)
Charge L1 at work/home = 64 mi range

| White Hall @

Westminster

Huw’é De
Grace'
Charging at work

iraville (140) Cockeysville

K @ TGwson E" Edg

Airy Randallstown

msville

Middie Rivers

‘een Vall

-

704

Chesteriown

/1 8une Home only

Gaithersburg

Laurel

Rockville Odenton | -Severna

Park

Pytomac - Siver
Spring

ton
Vienna -\ Washington
Fairfax ; Harwood Eastern § @
Burke Ale ;n_dria O, Tracys
§ ! Clinton - (n  \  Landing e Efio\n
Lorton lw? sapék; =)

/ ‘ Beach
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Big : :
picturell  FOSSII Burning Costs

)

Solar Powey for Electricity Electric Vehicle Support

it
S AT
{omre

We include EV’s
because about half of

Electric Drivi Dr|V|r.19 our easily-fixed energy
nving m Heating is spent driving
Lighting
mA/C

Heating

At AFM we currently burn Propane for heat



Actually our biggest
Energy cost is our
Propane heating.

Switching to
Heatpump can save

Heating Costs — Oill,
Propane...

60% of our enerqy
costs!

\
Straight Electric 2014
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Straight Electric 2014
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Our heating costs will go
down 60% AND being
electric, we can replace
that with solar free
heating for decades!
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Switching from
Propane to
Ground Source
Heatpump




So, Lets do the right thing...
Move forward with clean Energy

Grid Tie

AR 3y

Bob Bruninga, WB4APR
Annapolis, MD 21401
http://www.aprs.org/AFM-environment.html

410-293-6417



http://www.aprs.org/AFM-environment.html
http://www.aprs.org/AFM-environment.html
http://www.aprs.org/AFM-environment.html

Summary You can do something

If you have sun, solar is best investment ever...

Pre-think your next personal energy decision.
Water heater dies — get a heatpump one
Heating dies — get a heat pump (and solar)
Car ages — get an EV for commuting g
Put charging signs on outdoor outlets
Power them for life with Solar! $$$

Its cheaper and cleaner!



