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For later:

Local solar potential
Balance of system
Tracking methods
Concentrating systems
Solar lighting

Solar thermal

also:

Kardashev scale

Space based solar power
Dyson swarms



Local solar potential (covered in Solar Strategies)
Balance of system

Tracking methods

Concentrating systems

Solar lighting

Solar thermal

also:

Kardashev scale

Space based solar power
Dyson swarms



Balance of system:
grid tie

grid tie




Balance of system:
grid tie vs. battery

grid tie

----------------------------------

. monitor |

L ]

charge
controller

battery (off-grid)

Not shown but important: fuses, disconnect switches, etc.



Inverters at “Riverhouse

Battery Park City
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AC load
- Balance of system:
\ battery system
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Portable battery power statiom€irca ~2004
£00VWh lead acid batteries, 518Bs)

inverter — AC Load

controller

DC Load

battery
bank




Portable battery power station circa ~2021
(1000Wh Lithium batteries, 22 |bs)
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controller

Balance of system:
battery system



Balance of system:
grid tie (traditional) vs. micro inverters vs. DC optimizers

central inverter

series dc

---------------------------------

“Module level electronics”

micro inverter

-

parallel ac l

monitor

DC optimizer w/ central inverter

parallel DC

Grid

---------------------------------



Balance of system:
module level electronics

Decguples each panel, helps with shading and siting.
Allowed compéﬁTé’s to adapt to ecolving NEC-codes for solar
disconnect.



BPGRIANT, FRADALL MARUALS LMIME TEY
FRIOR TO INSTALLATION OF SYSTEL COMNECNENTS
AND RIS FOR CRINICAL SAFEN INFORMATIGN,
NITLLLATION SEOLENTES, QOMPDUINT SETTINGS
AO SPERFATICN FRCCIOURED

THES DADRAMCOCAIDTS CQVPMINT SCQUTHeC
AU TYHCALWISING FRO M.

QU5 TE LOCATION OF CQUITHMENT K5 SJOECT
YO APFROVAL OF UTIU™Y PROVDGR

REFFRTOMANUA S AND ACTLRI FOUIZMFNT
LACCLE MON PARINS "EMaaandy LCCANDNG,

FLEABE DOUTACT YOUR BALES TECHAIC AN FOR
QUESTIONS ASICUT I3 STHTEN OF DRGRAM,

MO ESALE SOUAR
L AMNATY 18y

MR REO LO0ATE GUC-TIL AC DR
m& EOF MANSIOVICE JKEARER I
ALY CRCAKEN NI,

BI IRECTIOMNM BANFLE OF 208

SOAREIGE

FAINCAARR LN NATT
NPUT/DITFUT

£ 60X B CFMMIZER

©)
(Pcoo
SIRNGOF 10
11

MUST EERART OF A UL LSTEC GROLMOING

o~ O SYSIEMAY MOCULES AND SPTVIEERS

BRIV LXUY D
7 1 sECUCROLNT

l

f ISER SURRLIED
!  NEMASROCN YO TRANSINCH YD
! / EWT st RECUIRED

£ L 30THANZ
I, . 1. 2801 GRALND
I'/ Bi VZ* T SOROUIT W,

v

eSS
UTLITY MYERTIE MVERTERS

i =N~
LA | : [
p——b—p
T
L
[o~gd o~ ;o7
h W : ,
I
©) @icoo0 { |
STRNG OF 10 ] ‘:
|
|
- l
— S = I
—— : :
@ o A
SR I 1
T
J Vo
T 4
/ > \ 1]
|%—.u-' =z LN
Fy—i—p
by
J T [
S — 7 | w—
P [~ed
@ o Co FREVERSADLE
STRNGCFR 10 AMICES MV EE
WUz, b
AZTTEY
Qe IRy == n
T THWRIZOIICND o | .
e—— T ——— -
SR EDCE S

1801590

el

UTILITY WETER VN SERVICE
OGRATE THE Z00A SERWCE LN S @ 2w ved
ENSAKEA 10 904 T TRAHZFORVERLCSD
NANUAN NFC 127% AIRRERY BJL IR GHL.
CCHOUSTOR ANING M CC CECCMEE" B
150AZP CONJIUCTION WITH 724 ARG FAVLT MROTRETION \ oe
o\, ' EACLFEED EREAKER. n
HwT
)| b |\
t o
( ) LSER SUPUIED I \ \
/ 3. : mwwa cv : i
{' “I e zm r.rw:.rf T : |
1
1! MAMUALAS CACCNRIEY K
| 1 WAV AZ RECUIFEC EY \\ WORUrPUCo : :
aE tcrncns » seve [ | |1
L MANNG JURIELRG TION. \‘ PO : |‘
(A o : 1 [ \
: : .—ai | ] ,n‘ ] | \ P
| I - - T H }l :
L B e e e bbb o 11 =
: L e ! T Fe
oL 2 | - o o) e -
i {8 v W J (I Ac\
] | \I
; 1
[BY | 'l
: " :
CRANDNG A
ELECTRCDE — USERSLPAUED 7

7 S AR PV MODUIES
(L' E5 Amworen
SV320 MONO FRO XL

INEF  S.TeADC
140 der2ns

PO M STANG
Lo ONILZIRG

FYAL S UYVALLS

YWD 80 0L

VS 100 V0%

INEF PALFL s

-, INveRTER
£ SD.AR EOKE
S=KOIAUS
[ 11720 4
PYAX 020 VWATTS
Uudd  1AM0Wns
L 10GOVo2
INEF IRMAN
AL NALOJIVYI
240N 6
BN WATTS AL
B0 LINESAC

ALL VITRING WS | DY
WITK NIS CU DR NES \RD

LCSAL AUTECRITY FAVEDY
IR SDLTCN.

DAGEAN ROTATEONS
REFLECT BFEAIER SCES,
ANG MUN NUM WRE AND
COMNOUIT SRS FER EE
GF STSTIM A5 SHOTN ARD
LEOORNNG 3 WN2 NEC
REQUAATIONS FOR SAFET

JemErANZy — -
1.23 2UGRD
B4 24" EMY COMDUN MIN.

FREFAKED 3T CHAD
CRECREDEY JOEH
YizZne EEV




Balance of system:
micro inverter



A\ A\ NS

PSE&G Installed Solar Projects

Pole-attached solar units

PSE&G Trenton Solar Farm

Barringer High School

Central High School

Park Avenue Elementary School
PSE&G Silver Lake Solar Farm
Camden St. Schoaols

PSE&G Edison Training & Development
CenterPoint Properties

PSE&G Linden Solar Farm

PSE&G Central Division Headquarters
PSE&G Yardville Solar Famm

Matrix Realty Building A

Matrix Realty Building B

Matrix Realty

Rider University

Mills Creek

Kearny Landfill Solar

Thorofare Solar Farm

Summit Associates

TOTAL PSE&G

Location

Statewide
Tranton, NJ
Newark, NJ
Newark, NJ
Newark, NJ
Edison, NJ
Newark, NJ
Edison, NJ

Bayonne, NJ
Linden, NJ
Somersat, NJ
Hamilton TWP, NJ
Perth Amboy, NJ
Perth Amboy, NJ
South Brunswick, NJ
Lawrencaville, NJ
Burlington TWP, NJ
Kearny, NJ
Wiast Depford, NJ

Edison, NJ

Size MW-dc

26.02

1.26

0.656

0.50

0.51

202

0.01

0.71

1.76

3.20

0.02

4.30

1.60

1147

208

0.74

3.82

3.00

0.72

2.22

50.90 MW-dc

as of February 1, 2012 BN

Service Date

40 MW goal

September, 2010
October, 2010
October, 2010
October, 2010

November, 2010

December, 2010

December, 2010

December, 2010

December, 2010

December, 2010
February, 2011
Fabruary, 2011
February, 2011

June, 2011
October, 2011

November, 2011

December, 2011

December, 2011

Decamber, 2011
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PSE&G Installed Solar Projects Location Size MW-dc Service Date
Pole-attached solar units Statewide 2602  asofFebruary1,2012 | 40 MW goal, Cu rrently 39.75
PSE&G Trenton Solar Farm Trenton, NJ 1.26 [ —— :
. PSE&G Installed Solar Projects Location Slze MW-dc Service Date
Barmringar High School Newark, NJ 0.65
Pole-attached solar units Statewide 36.50 as of March 2013 -
Central High School Newark, NJ 0.50
SRR OURE Fauin TIIAL 1w .89 DTN IR, STV
Park Avenue Elementary School Newark, NJ 0.51 Barminger High School Newark. NJ 0.65 October. 2010
PSE&G Silver Lake Solar Farm Edison, NJ 202 Cantral Linh Qahanl Meswmrde NI n &N Nrtalhar 904N
Camden St. Schools Newark, NJ 0.01 PSE&G Installed Solar Projects Locatlon Size MW-dc Service Date
PSE&G Edison Training & Development Edison, NJ 0.7 Pole-attached solar units Statewide 30.75 as of January 2014
CenterPoint Properties Bayonne, NJ 1.76 Irenton Solar Fam Irenton, NJ 1.26 September, 2010
PSE&G Linden Solar Farm Linden, NJ 3.20 Barringer High School Newark, NJ 0.65 October, 2010
PSESG Central Divislon Headquarters L2l L2 ~ PSERG Linden Solar Farm Lindan, N 3.20 December, 2010 B
5”- e
PSE&G Yardville Solar Farm Hamilton TWP, NJ 4.30 PSE&G Central Division Headquarters Somaerset, NJ 0.92 December, 2010
Matrix Realty Building A Perth Amboy, NJ 1.60 PSEE&G Yardville Solar Farm Hamilton TWE, NJ 4.30 February, 2011
Matrix Raalty Bul A Parth Amboy, NJ 1.69 February, 2011
Matrix Realty Building B Perth Amboy, NJ 147 o 2 2
Matrix Raalty Building B Perth Amboy, NJ 1.17 February, 2011
Matrix Realty South Brunswick, NJ 208
Matrix Reaity South Brunswick, NJ 2.98 June, 2011
Rider University Lawrancaville, NJ 0.74 Ridor University ovilo, NJ 074 Octoba 2011
Mills Craak Burington TWF, NJ 3.82 Mills Crook Burfington TWP, NJ 3.82 November, 2011
Kearny Landfill Solar Kaarny, NJ 3.00 . Kearny Landill Solar Kearny, NJ 3.00 December, 2011
Thorofare Solar Famn Wast Depford, NJ 0.72 . Thorofare Solar Farm West Depford, NJ 0.72 December, 2011
Summit Associates Edison, NJ 222 December, 2011
Summit Associates Edison, NJ 2.22 \
Black Rock/Matrix Reality South Brunswick 297 March, 2012
TOTAL PSE&G 50.00 MW-dc
PSE&G Metro Division Headquarters Chfton, NJ 0.73 July 1, 2012
Community Food Bank of NJ Hilside, NJ 1.07 August 2012
Hackensack Solar Farm Hackensack, NJ 1.06 Winter 2012

TOTAL PSE&G 75.40 MW-dc




Balance of system:
micro inverter

~ NJ total installed PV capaaty surpassed 1GW
in February 2013

N TN \ntto:/ kg a0y by pdf/announcements/2013/20130319.pdf

PN s \\
( ¥\

As of 2021 ~4GW

\ t act|V|ty reect activity-reports



http://www.nj.gov/bpu/pdf/announcements/2013/20130319.pdf

Specification

The LG ESS is provided as an integrated energy storage system, complete with PCS, ATS and Energy Meter. In the case of a DC-
coupled system, RSD will also be included. For either the AC or DC-coupled system, a second battery pack is optional.

A — _':
| =
‘.\ ! e - = —
LG ESS PCS Primary Battery Auto-Transfer Switch Energy Meter Rapid Secondary Battery

Shutdown Box
for NEC 2014

The LG ESS is offered as both an AC-coupled solution and a DC-coupled solution. The 7.6kW DC-coupled product offers unparalleled
solar + storage performance, allowing homeowners to seamlessly store excess solar energy to power their home both day and night.
The 5kW AC-coupled product can be easily added to an existing solar system, offering a reliable and cost-effective way to manage
Time of Use (TOU) rates and provide backup power.

DC 76kW —— AC Power —— DC Power - - - Communication
RS 485 communication
S~
\\:/
Energy Meter
————————
* |
@)
Main Panel MainLoad ~ Fireman
Split phase switch
240V
Installation
By mobile app. — l:l= =
14 ==
2 ° Protected
Auto-TX Protected Load
Switch Box Sub-Panel
AC SkW —— AC Power = DC Power - - - Communication

RS 485 communication

——————————————————————

PVinverter

Energy Meter

—® @

Main Panel Main Load ~ Fireman
Spiit phase switch
240V
g j
Installation 2 & Protected
By mobile app. Auto-TX Protected Load
Switch Box Sub-Panel

Contact

Jan Dominguez | ESS Sales Engineer
LG Electronics USA Inc.
910 Sylvan Avenue, Englewood Cliffs, NJ 07632

0:(201).408.9065 | M: (310).626.3427 | jan.dominguez@Ige.com

The LG ESS SP

The Evolution of Home Energy Storage

The LG Electronics ESS is a state-of-the-art home energy management system designed for homeowners ready to take control of
their home energy usage. The LG ESS is offered in both an AC-coupled and DC-coupled configuration. The 7.6kW DC-coupled solution
with an integrated high efficiency PV inverter is well suited for new solar PV + storage installations. The 5kWW AC-coupled solution is
ideal for customers looking to install an ESS in a home with an existing solar system.

The 7.6kW DC-coupled product offers unparalleled solar + storage performance, allowing homeowners to seamlessly store excess
solar energy to power their home both day and night. The 5kW AC-coupled product can be easily added to an existing solar system,
offering a reliable and cost-effective way to manage Time of Use (TOU) rates and provide backup power.

Product features include quick and easy installation, a compact and elegant design, and an integrated smart energy management
system (EMS). The EMS enables customers to control their electric bill through self-consumption of solar and TOU rate smart
scheduling, and includes an off-grid mode to protect the customer’s home in the event of a power outage.

Features at a glance

Easy Two-Person Installation High Efficiency PCS
4/ r All required components included for complete Achieving 97.5% CEC Efficiency ;

install; Painless commissioning via Auto Self-Check 97.5% Multi-String & MPPTs for multi-angled roof

Up to 19.6kWh for longer back-up time ; a = Remote System Monitoring

Extremely Reliable Battery and Scalable Smart Energy Management and
[ wprora .
Compatible with LG Chem RESU 10H n Emergency Back-up ; 24-7 energy monitoring

(.} One-stop service & 10-Year Warranty
1

ESS can be paired with LG PV modules for a
single provider for all warranty issues

LG



DC 7.6kW

RS 485 communication

—— AC Power —— DC Power - - - Communication
"""""""""" - ;
= En
e/ <)
Energy Meter

|
|
|
|
|
|
|
1 I
— o ) |
dee Lge | e | @) @
| . .
( : Main Panel Main Load  Fireman
T | Split phase switch
RSD Box 1| 240v
| — = S o ;
3-String Installation 1
| By mobile app. ) : I E]
H 14 So oo
A\ A 4 J I
:_ : - 2 ° ° Protected
________________ Auto-TX Protected Load
Switch Box Sub-Panel
AC 5kW —— AC Power —— DC Power - - - Communication
RS 485 communication
P — = = = = = = = = = == = = = = — = = -
BEEEEEEEEEn I A 4 A
oo EEEE : N :
PV inverter ! — 00001 @3
([ T[T TTTT7I] ! W N
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1 1
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1| 240v
oot — 1 ) o
|
I 3
“—> : »
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Install_atlon :_ ________________ K -] o Protected
By mobile app. Auto-TX Protected Load
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Large home battery:
~$500-1000 per kWh

LG CHEM RESU10H-SEG 400VDC 9.8 KWH

PRIMARY LITHIUM-ION BATTERY

by Lz CHEM
Be the first to review this item

Price: $7,600.00 & FREE Shipping

Get $70 off instantly: Pay $7,530.00 upon approval for the Amazon Prime

Rewards Visa Card

Note: Not elicible for Amazon Prime.

+ DBattery Type: Lithium-lon
+ Voltzge: 200 V

« S Hour: Caparity: 10.0

« Warranty: 10-years

Residential

Heurs

Residential Time Pericds and Delivery Rates*

_

gz.m.to Mdright

Midnghtto 8am.

TIME-OF-USE DELIVERY RATES

June 1 tc Sept 20

21 .80 cents/kWh

All other menths

8.07 cents/kWh

154 cents/W N

1 .84 cents/ldWn

STANDARD DELIVERY RATES

First 250 kWh

Over 250 kWh

June 1te Sent 30

0221 contsiktn

*1.749 conts/kWh

All other menths

“0.221 conts/lkkwn

“0.221 conts/kWh

$7,600.00
& FREE Shipping

Get it Wed, Mar 20 - Wed, Mar 27

Only 1 left in stock - order
soon.

$7,600.00 + Free Shipning

\ Adc to Cart J
’. ALy Now I

Ships from and sold by THE 1276
WHOLESALE COMPANY GROUP.

@ Celiver to Jeff - Montclair 07042
Add to List v

Share vy @®

Other Sellers on Amazon

$7.800.00 | Add to Cart |

Stores about
<$2 worth of
peak
electricity,
~10 hours



Related to solar, especially batteries:

- “DR” - Demand Response

- Demand Charges (typically commercial customers)
- Time of Use electricity rates

- Tiered Electricity Rates

+ Levelized Cost of Electricity




For later:

Local solar potential (covered in Solar Strategies)
Balance of system

Tracking methods

Concentrating systems

Solar lighting

Solar thermal

also:

Kardashev scale

Space based solar power
Dyson swarms
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. . . - Fixed Tilt
Power Distribution Chart —  Single axis tracker
- Dual axis tracker

700

600 it N . 3

500

400

300
Area between curves represents extra
200 energy collected by tracking systems

00

6 8 10 12 14 16 18

Time (24 Hrs scale)

Source: Solar Photovoltaic (PV) tracking System for Large Scale Solar Power Plants




Challenge:

Tracking systems 1) require space between arrays and 2)
introduce mechanical parts that require energy and
maintenance.

Cost of tracking system must compete with cost of
simply adding more fixed panels.

Ways to simplify mechanics or minimize number of
actuators are interesting.




Local solar potential
Balance of system
Tracking methods
Concentrating systems
Solar lighting

Solar thermal

also:

Kardashev scale

Space based solar power
Dyson swarms
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Challenge:

Concentrating systems also require tracking systems, so
same issues (space between arrays and mechanical
parts) apply. Concentrated sunlight can reach very high
temperatures and could focus on surrounding structures if
tracking system fails. QQ

D

diffuse light

sun
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Ford CMAX Solar Energi “Concept”
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The C-MAX Solar Energl optimizes the intake of solar power through a Fresnel lens
concentrator by autonomously moving In the direct path of the sun's rays.
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Concentrating
(sort of...)

Solyndra

Direct Sunlight
» Ccross-section at all an:

Same cross-section at 1gles

# Diffused Sunlight

Enhanced collection from all angles

Reflected Light

From the roof ;f: e
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“Quantum dots (QD) are very small Emerging PV
semiconductor particles, only several B P el Btd]
nanometres in size, so small that their ® Organic cels (various types|
optical and electronic properties differ ® homanic oete (CZTSSe
from those of larger particles... The <& Quantum dor cels

tunable absorption spectrum and high
extinction coefficients of quantum dots
make them attractive for light harvesting
technologies such as photovoltaics” -
Wikipedia

“A perovskite solar cell is a type of solar cell which
includes a perovskite structured compound...
Perovskite materials such as methylammonium lead
halides are cheap to produce and simple to
manufacture....Solar cell efficiencies of devices
using these materials have increased from 3.8% in
2009 to 22.1% in early 2016, making this the
fastest-advancing solar technology to date... One
big challenge for PSCs is the aspect of short-term
and long-term stability.” — Wikipedia

“The DSSC has a number of attractive features; it is
simple to make using conventional roll-printing
techniques, is semi-flexible and semi-transparent

which offers a variety of uses not applicable to glass-f

based systems, and most of the materials used are
low-cost... it has proven difficult to eliminate a
number of expensive materials...and the liquid
electrolyte presents a serious challenge... its price/
performance ratio should be good enough to allow
them to... [achieve] grid parity. Commercial
applications... were held up due to chemical stability
problems.” — Wikipedia

2021

Best Research-Cell Efficiencies

Cell Efficiency (%)
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Emerging PV
O DOye-sensitized cell 2
O Peravskite calls (not stabiized) of
® Organic cel s (various types) ut I
A Orgsric tandem calls o} B
® |norganic cels (CZ753e) ol &
< Quantum dot cells

Best Research-Cell Efficiencies

Cell Efficiency (%)

“A perovskite solar cell is a type of solar cell which
includes a perovskite structured compound...
Perovskite materials such as methylammonium lead
halides are cheap to produce and simple to
manufacture....Solar cell efficiencies of devices
using these materials have increased from 3.8% in
2009 to 22.1% in early 2016, making this the
fastest-advancing solar technology to date... One
big challenge for PSCs is the aspect of short-term
and long-term stability.” — Wikipedia
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Source: DOE NREL

https://www.youtube.com/watch?v=0Q2bz6jlbz0



https://www.youtube.com/watch?v=oQ2bz6jlbz0




Local solar potential
Balance of system
Tracking methods
Concentrating systems
Solar lighting

Solar thermal

also:

Kardashev scale

Space based solar power
Dyson swarms
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\ Solar lighting



Solar lighting



Solar lighting: Teardrop park heliostats
Carpenter Norris Consulting Inc.









Local solar potential
Balance of system
Tracking methods
Concentrating systems
Solar lighting

Solar thermal

also:

Kardashev scale

Space based solar power
Dyson swarms
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Kardashev scale
Space based solar power
Dyson swarms



Kardashev
scale

Kardashev scale, Dyson swarms (or rings or spheres)

Dyson Sphere
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“Tabby’s Star” KIC 8462852

el P

Probably *not* a Dyson Sphere... (

https://creationexotheology.files.wordpress.com/2017/01/wp-1484580548367.jpg



Space-based solar power

Needs $100/kg launch costs
Presently: $10,000/kg



CAPABILITIES
& SERVICES

SpaceX offers open end fixed pricing for its launch services.

Modest discounts are available for contraciuzally committed,
multi-launch purchases. Prices shown below are paid in full

standard launch prices for 2013. SpacaX can also offer

5 seeking to
traneport astronauie fo alternate LEO destinations. Please
contact sa . for details.
PRICE FALCON 9
PAID IN FULL STANDARD $56.5M

LAUNCH PRICES [2013)

Space-based solar power

Needs $100/kg launch costs

§2200
gA\

FALCON HEAVY

$77 1M $135M

Up 1o 5.41ton breater than 6.4
to 3T0 lonto GO

INCLINATION PERFCRNMANCE

PERFORMANCE INCIINATION PERFORMANCF
LOW EARTH ORBIT (LEC) 28 5Y 13,150 kg
28,991 Ib
GEDSYNCHRONOUS 27° 4, 850 Kg
TRANSFER ORBIT (GTO) 10692 b

23.9° 93,000 kg

116845 b

270 21,200 kg

16,738 Ib

PUALAR PR A
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- It’s almost as hard tc 'etfenfgrgy back to the ground as it is to get the equipment into
space in the first place. A e

- The microwave link faces problems with transmission through the atmosphere, and
also flirts with roasting ducks on the wing.

- Diffraction of the downlink beam, together with energy density limits, means that very
large areas of the ground still need to be dedicated to energy collection.

).

- See more at: http://physics.ucsd.edu/do-the-math/2012/03/space-based-solar-power/

#sthash.k4Wv6077.dpuf



http://physics.ucsd.edu/do-the-math/2012/03/space-based-solar-power/#sthash.k4Wv6o77.dpuf
http://physics.ucsd.edu/do-the-math/2012/03/space-based-solar-power/#sthash.k4Wv6o77.dpuf
http://physics.ucsd.edu/do-the-math/2012/03/space-based-solar-power/#sthash.k4Wv6o77.dpuf

