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Balance of system:
grid tie vs. battery

grid tie

Grid
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__Balance of system:

Inverters at “Riverhouse”
| : Battery Park City



SMA Solar Technology <

Overview

Input (DC)

Max. recommended PV power
(@ module STC)

Max. OC power (@ cos @ = 1)
Max. DC votage

OC nominal voltage

MPP voltage range

Min. DC vokage / start vokage

Max. input current / per string
{at DC disconnect)

Number of MPP trackers / fused
strings per MPP tracker

Output (AC)
AC nominal power

Max. AC apparent power

Nominal AC voltage / adjustable

AC voltage range

Search

Service News & Infos SMA Solar Academy Company

XYY > SUNNY ROY ¢

\ ==

Contact

SUNNY BOY 5000-US / 6000-US / 7000-US /
8000-US

Versatile performer with UL certification

The Sunny Boy S000-US, 6000-US, 7000-US and 8000-US inverters are UL certifiad and
feature excellent efficiency, Graduated power classes provide fiaxabilty in system design
Automatic grid vokage detection™ and an integrated DC disconnect switch simplify
installation, ensuring safety as wel a3 saving time. These models feature galvanic isolation
and can be used with all types of modules-crystaline as well as thin-fim

Extended operating temperature range to 40 *C avadable. Mease specify when ordering.

* US Patent US7352549B1

Technical data Downloads

Sunny Boy
5000-US

208 V AC
240 V AC
277V AC

6250 W

5300w
600V

310V

250V - 480V
250V / 300V

21A/20A
AR
combined
terminal

1/4(0C
disconnect)

5000w

5000 VA

208V /[ yes
240V [ yes
277V [ yes

183 - 229V
211 - 264 V
244 - 305V

—arci:

Sunny Boy
6000-US

208 V AC
240 V AC
277V AC

7500 W

6350 W

G600 V

310V

250V - 480V
250v/300V

25A/20A
IEAR
combined
terminal

1/4(0C
disconnect)

6000 W

6000 VA

208 V/ yes
240V / yes
277V ] yes

183 - 229V
211 - 264 V
244 - 305V

Sunny Boy
7000-US

208V AC
240 V AC
277 V AC

8750 W

7400 W

600 V

310V

250V - 480V
250V/300V

30A/20A
AR
combined
terminal

1/4(0C
disconnect)

7000 W

7000 VA

208 V/ yes
240V / yes
277V /[ yes

183 - 229V
211 - 264 V
244 - 305V

WHERE TO BUY

Sunny Boy
8000-US

240V AC
277V AC

10000 W

8600 W
600V

345V

300V -480V
300V/365V

30A/20A
AR
combined
terminal

1/4(CC
disconnect)

7680 W
8000 W

7680 VA
8000 VA

240V [ yes
277V [ yes

211 - 264V
244 - 305V

Balance of system:

Inverters at “Riverhouse”
Battery Park City
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B Balance of system:
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MORNINGSTAR

» Product Selector . : —
= Qe
= A=

Product Selector Prosvas-3o I ® L\ L K

Product Selector

Pease use Thers on the rght side 10 search for products

Type of regulation
Inverters

A
v
SureSine TR
$1-300-115V (80 H) Solar Current
S1-300-115V-UL (80 Hz)
SI1-300-220V (50 Hz) A
v
Load Current
A
v
Load Control
MPPT Charge Controllers
A
TriStar MPPT 600V '
Meter Option Available?
A
A
Data Port Available?
A
v
TriStar MPPT R
i B_attery S_ystem \ioltage G i 5
TS-MPPT-80 (J12 (J24 ()36 (J48 ()8 [
8-64
Submit

http://www.morningstarcorp.com/product-selector/

SS-MPPT-15L
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Balance of system:
grid tie (traditional) vs. micro inverter

grid tie

Grid

micro inverter

Grid




Balance of system:
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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. Schools

PSE&G Edison Traning & Development
CenterPoint Properties

PSES&G Linden Solar Farm

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

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
Parth Amboy, NJ
South Brunswick, NJ
Lawrencaville, NJ
Burlington TWP, NJ
Keaarny, NJ
Wast 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

AT

2908

0.74

3.82

3.00

0.72

222

50.990 MW-dc

as of February 1, 2012

Service Date

Soptember, 2010 [ & |
October, 2010 .
October, 2010
October, 2010

November, 2010

December, 2010

December, 2010

December, 2010

December, 2010

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

June, 2011
October, 2011

November, 2011

December, 2011

December, 2011

December, 2011



NN R

PSE&G Installed Solar Projects Location Size MW-dc Service Date
Pole-attached solar units Statewide 26.02  asofFebruay1,2012 |8 40 MW goal, Cu rrently 39.75
PSE&G Trenton Solar Farm Trenton, NJ 1.26 P —r———— -
) 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 050
TSR WU Tauin IENIAL v 1.ev uupl.ulw. LAV ALY
Park Avenue Elementary School Newark, NJ 0.51 Barringer High School Newark. NJ 0.65 October. 2010
PSE&G Silver Lake Solar Farm Edison, NJ 202 | Cantal Hink Sahanl Newwmrd A | n &N Nrtalhar 901N
Camden St. Schools Newark, NJ 0.91 | PSE&G Installed Solar Projects Locatlon Size MW-dc Service Date
PSE&G Edison Training & Development Edison, NJ 0.71 Pole-attached solar units Statewide 30.75 as of January 2014
CenterPoint Properties Bayonne, NJ 1.76 | Irenton Solar Fanm Irenton, Ny 1.26 Seplemoer, 201U
PSE&G Linden Solar Farm Linden, NJ 3.20 | Barringer High School Newark, NJ 0.65 October, 2010
PSE&G Central Division Headquarters Somersat, NJ 0.92 | PSERG Linden Solar Farm Linden, NJ 3.20 December, 2010
PSE&G Yardville Solar Farm Hamilton TWP, NJ 4.30 PSE&G Central Division Headquarters Somerset, NJ 0.92 December, 2010 X
Matrix Realty Building A Perth Amboy, NJ 1.60 PSE&G Yardville Solar Farm Hamilton TWE, NJ 4.30 February, 2011 2
Matrix Reaity Buikding A Perth Amboy, NJ 1.69 February, 2011
Matrix Realty Building B Parth Amboy, NJ 147 : L
Matrix Realty Building B Perth Amboy, NJ 1.17 February, 2011
Matrix Realty South Brunswick, NJ 208
Matrix Reaity South Brunswick, NJ 298 June, 2011
Rider University Lawrancaville, NJ 0.74 Ridor University ovilo, NJ 074 e
Mills Craak Burington TWP, NJ 3.82 Milis Crook Buriington TWP, NJ 3.82 November, 2011
Kearny Landfill Solar Kaarny, NJ 3.00 . Kearny Landil Solar Kearmy, NJ 3.00 December, 2011
Thorofare Solar Fam 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 Chton, 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:
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" NJ total installed PV‘capacity surpassed 1GW
"% in February 2013

N \ ttp: / ww Nj.aO\/ bW/ pdf/announcements /2013 /20130319, pdf
' » \.‘
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http://www.nj.gov/bpu/pdf/announcements/2013/20130319.pdf
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Challenge:

Tracking systems 1) require space between arrays and 2)
iIntroduce 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.
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Best Research-Cell Efficiencies

IINREL

NATIONAL MEANEWARLE ENENRGY

Source: DOE NREL
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Best Research-Cell Efficiencies
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NREL

NATIONAL BENDWAR T TNIDCY LABOSATORY

Multijunction Cells (2-terminal, monolithic)

LM = kattice manched

MM = metamorphic

IMM = inverted, metamornphic

V' Three-unciion (concentrator)

WV Three-juncion (non-concentrator)

A Two-junction (concentrator)
A Two-junction (non-concentrator)

B Four-junction or more (concentrator)
O Four-unction or more (non-concentrator)

Single-Junction GaAs
A Single crystal

A Concentrator

V' Thin-film crystal

Crystalline Si Cells

V' Thinfim crystal

Thin-Film Technologies

© CIGS (concentrator)

® CIGS

O CdTe

O Amorphous Si-H (stabilized)

Emerging PV

O Dye-sensitzed cells

O Perovskite cells (not stabilzed)
® Organic cels (various types)
A Organic tandem calis

@ Inorganic cels (CZTSSe)

< Quantum dot cells

AAE .\ fanan
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NRE
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Concentrating

cheap mirrors
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. Concentratin
H (0)""/ |t WO I"kS Fresnel Lengs

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.

i <« &2

SOLAR ENERGI CONCEPT

| 2:00pm
m = P o oy
) - — ey
. .- -~ N
e -~ W
% - -~ W
.- S
\ P N 4
’/ \~
'/ Simiar in concept to a With a solar panel roof \~
’ magnifying glass, the the vehicle draws N ~
7 patent-pending system power from a special e
' ’ tracks the sun as it solar concenirator lens N\ ~

’ moves from eaqst to similar in concept to @ g
west. [ magnifying glass.

°
eeoee decocee
2.5m 5.0m

eocccohoccece) oo
Om 2.5m 5.0m
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Concentrating




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

£

diffuse light
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Concentrating
(sort of...)
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# Diffused Sunlight

Enhanced collection from all angles

Reflected Light
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Emerging PV
Best Research-Cell Efficiencies LINREL ging Best Research-Cell Efficiencies
P O Dye-sensitized cells S E—
N . . . utijunction teminl, morcitic) - Thin FImTech Iges
sl " ireeimion o S G i | e o S0E, UQ‘ZM O Perovskite cells (not stabilized) L
Hh:eul ld (conne:?"f )( o oAmL rphous Si H( (ab\ ed) NE ‘rm . f . v Thr
Ul st g T < e Organic cells (various types) ab IEEEES  gwen o EEEE SRS _a g <m
ingle crystal NaneEL : | B Fou )
wf s ot mwkk S5 Organic tandem cells of BT, -
36 E%T:.;ll?:;yziac\."s Speqm b{ peciolab Q!er) < . |”Organlc CG”S (CZ ' SS@) 36~ 23‘:
Sitkorie S TR < Quantum dot cells o
| ThickSifilm y <z | Crystal
g 321~ o Silicon Heterostructures (HIT) e Py R ﬁnbf Mﬁ‘é OI%E;E': . | U u { 0\3 32 E 55 o
8- i AN e A \ _/W 560 3 B[ ;?:\:‘o;\h:;! 77777
& 18M ) v adbou FG- Ma = c
L%" 24 m;mﬁhﬂ__________—-—"‘--___-fa UNS:VNSWUMSW Uusw |NR<;EaL " T é TNy o S LS et
20 w g |Feeeicene
o Mobil i g NREL I s hH * -
12k Solar '. 7= B;e/mysﬁsu ted Sola & ranster) (CATelCIS) ) ol _
oL s RO 4 Kg G Tl ;
u olarex & EPFL o u":"'m 8
WL e -
0Lt T PRI N ST W T S N N L ! |u| T
1975 1990 ol 4
1975
v Sanyo X : ar
. Sanyo 28 y NREL (15.4x) ) First Solar
Sar LD 2ge S ZSW
- \
UNSW/ Sanyo Sanyo 79W O === =52 EMPA (Flex poly) NR KRICT/UNIST
' = ity )
Eurosolare \‘: —1 FhG-ISE 0.4% First Solar
ﬂ——o———“ 0.39% EPFL

//Em*"k NREL
/ REL NRELNREL

NREL NREL ~NREL Farst Solar
ﬂ

University Linz

|

|
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A\

|

* NREL Univ. D’ Sharp
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o ’ \ ~
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Linz
L1

University Siemens
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NREL \/ Toronto
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Univ. /
Dresden

|

2000

2005 201 0 T
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NREL
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“RICT| Trina Solar
Eraunhofer ISE
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First Solar Frontier
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2017

“Quantum dots (QD) are very small Emerging PV
semiconductor particles, only several o s e e I
nanometres in size, so small that their olls (various types)  |«f
optical and electronic properties differ

from those of larger particles... The
tunable absorption spectrum and high
extinction coefficients of quantum dots T
make them attractive for light harvesting
technologies such as photovoltaics” - :
Wikipedia :

Best Research-Cell Efficiencies

Effig

“A perovskite solar cell is a type of solar cell which

includes a perovskite structured compound... —— — e e
Perovskite materials such as methylammonium lead ’./0'k I R o~® ZSW
halides are cheap to produce and simple to S == === 75, EMPA (Flex poly) ™ KRICTIUNIST |
manufacture....Solar cell efficiencies of devices .——f—;—w ~EPFI
using these materials have increased from 3.8% in EL AR Sutigart  Eraunhofer ISE - e .
2009 to 22.1% in early 2016, making this the rr—————

fastest-advancing solar technology to date... One Mitsubis

big challenge for PSCs is the aspect of short-term =0 Hongﬁfng s

and long-term stability.” — Wikipedia U. Toronto

“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-
based systems, and most of the materials used are J. Dresde
low-cost... it has proven difficult to eliminate a | l nO/PbS-Ql . o
number of expensive materials...and the liquid L1 1 1 L1 .
electrolyte presents a serious challenge... its price/ D05 2010 2015 2020
performance ratio should be good enough to allow
them to... [achieve] grid parity. Commercial
applications... were held up due to chemical stability
problems.” — Wikipedia

Source: DOE NREL
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Solar lighting
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Solar lighting: Teardrop park heliostats
Carpenter Norris Consulting Inc.
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Solar thermal



Kardashev scale
Space based solar power
Dyson swarms



Dyson Sphere

Lemarchand

. * IRradiation

Elliptical RIT graph

Kardashev i)
log(dispersion)

scale [T |——— | e
Energy ¢f a galaxy e

6

log(radius)

Kardashev scale, Dyson swarms (or rings or spheres) Freeman Dyson



Space-based solar power

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



CAPABILITIES
& SERVICES

SpaceX offers open and fixed pricing for its launch services.

Modest discounts are available for contractually committed,

multi-launch purchases. Prices shown below are paid in full

standard launch prices for 2013. SpaceX can also offer

seeking to

transport astronauts to alternate LEO destinations. Please

contact for details.
-

e
PRICE FALCON 9
PAID IN FULL STANDARD $56.5M
LAUNCH PRICES (2013)
PERFORMANCE INCLINATION ~ PERFORMANCE
LOW EARTH ORBIT (LEO) 28.5° 13,150 kg b

GEOSYNCHRONOUS
TRANSFER ORBIT (GTO)

0 { ' & | >
28991 Ib

27° 4,850 kg

$11,700/kg
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Space-based solar power

Needs $100/kg launch costs

FALCON HEAVY

S77.1_M $135M

pl eater than 6.4
A ,
‘

) G 1 ion o

INCLINATION PERFORMANCE

28.5° 53,000 kg

116,645 1b

27° 21,200 kg
46,738 b

$6,370/kg
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-1 gal over th ound is only a factor of 3
(24x in summer, 4.2x in nter at 35° g--f"' .

+ It’s almost as hard to « et en/;irgy hack . | it is to get the equipment into

space in the first place |

- The microwave link faces problems W|th 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.k4Wv6o77 d uf



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

