Systems n of Solar

Clark College
20 January 2010
Paul Speer



Local Cas
Technology
Design Considerations

Local Application & Regulation
Scale Up Opportunities

Q&A



Energy ind

Technology Advancement



Kilowatt
e Kilowatt-ho
* Megawatt (MW)

Solar Units
* Watt per meter squared (W/m?) — Irradiance
* Kilowatt-hour per meter squared per day (kWh/m?/day) — Insolation
* Azimuth (degrees)
* Elevation (degrees)




Incident angle

M
et The incident angle is the
i latitude minus the tilt of
the earth’s axis. 0
correspons to the equator
at the equinox, when the
sun is directly overhead.

i

Earth is tilted ~23.5 degrees to its
orbital plane.

Vancouver is at 45.6 degrees N.
latitude.

Solar Insolation (kKW

Source: http://oceanography.earthednet.org/Mini_Studies/Seasonal_Variations/Seasonal_variations.html



Direct Normal Solar Radiation Annual
(Two-Axis Tracking Concentrator) | ieasinessonu ane s e e

aerosol optical depth, precipitable water vapor, albedo, atmospheric

CY pressure and ozone resampled to a 40km resolution. See
il http: M nrel gov/gisfil_csp html documentation for more details.
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Insolation

Source:
http://oceanography.earthednet.org/Mini_Studies/Seasonal_Variations/Seasonal_variations_files/in
solationchart.gif



tallation

Power Source

A typical Solar System is
made up of the following
components:

€) solar Panels - change sunlight
into direct current (DC)
electricity Support Structure -
attaches the solar panels o
roof or building.

@ Wiring - provides a path for
electicity to flow

© Inverter - changes DC 1o AC
electricity used in residences &
other buildings

o Meter - provides data about
the energy (kWh) produced,
used, or sen! 1o the utili

Source: http://us.sanyo.com/Solar/How-Solar-Works



Solar Concen
— to fluid
— to PV
— to Stirling Engine & Generator

* Control Systems — Sun trackers

* |nverters

e Grid tied vs. Battery

* Monitoring

Fun Facts: First observation of PV effect was in 1839 by a French physicist. First solar cell constructed in
1883. Einstein explained in 1905. Modern solar cell patented in 1946.
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Cents/kWh Solar PV industry outlook
y Germany2 30.66 Electricity prices ($/kw-hr)
* Hawaii, PASR )
* Connecticut; 20.78

- UK, 18.59 '

« CA, 14.08
. US (an)l 11.76 .15 US - Average price
+ OR(avg);, 895 | S

§-=""

* WA (avg) , 7.87
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Ca na d d 2 6 b 1 8 Waferiews source: Stephen ©'Rourke/Deutsche Bank

Source: 1. http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_a.html (Oct ‘09)
2. http://en.wikipedia.org/wiki/Electricity_tariff#Price_comparision (‘09)
3. Clark PUD (Jan ‘10)



HIT210 panels
Azimuth, 30°

Secondary Array: 14 Sanyo™ HIT210
panels (2,940 W total) 225° Azimuth,
30° Elevation



ot via Obvius
oring

Production Meters (2) and PUD net meter




Boof Specs
26 degreee pitch

225 degree orlentation
2 year obd arch. comp shingle

™ SITE PLAN

b SCALE et

14.7kW Grid-Tied Solar Electric System

{70) SANYD "N” HIT 210W PV Panels

{2} SMA TOOOW US Invertsr

Unirac SunFrame Racking, 3 bronze standoffs

Eool Specs
26 degrees pitch
130 degree orlentation

2 year old arch. comg shingle

AITaY Specs
26 degreee pitch
180 degree onentation

averdged sofar resolce
PEF = 097

TOF = 0.99

TERF = 0.26
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Solar P collactor

. max
plywiood sheathing
. comp. shingle roaf

Unirac: Sunframe Racking
Auminum feet, L-fest
Slotted, extruded aluminum rail

1" ProSolar standofis

3" (57167 dia") stainless steel kg screws
all other hardware 55

PARTIAL ROOF PLAN |_ Amray Loading = 2.8 psf




6 coppar THHM
im EMT conduit

anly positive
ganductar shown

WARE SIFRG B8 solid oopper

T WPUT. 27.8 A, 158, 2% loam, 100 wirs, bas
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B
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A RS st by

RESULT. 81" alkswatin on 890 Cu

240 WAL imvarter

Uinirac SunFearme racking, flush-mourred, 3° standoffs

D004 A panel
204, 2-pols breskar
#10-for condustons

STRINGS 1-5: LEFT INVERTER
STRINGS &-1t RIGHT INVERTER
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84, GOOVDC
Disconrsct

D004 A panel
204, 2-pols breskar
#10-for condustons




= FOR DEMAND CT (PHASE &, BOTHHOT UNES.LT F&MEL 1 + LT RANEL 2 ARE THROUGH CT
= FOR DEMSND CT (PHASE B), BOTH HOT LIMES {LZ FAMEL 1 + L2 RANEL ) ARE THROLIGH CT
i - FOA PV CT, BOTH HOT LIMES (L1 + L3} FRCM BOTH INVERTERS ARE THROUGH OT PHAZEC
I - BE AWRAE OF DORECTION Of EACH LINE, L1 + L2 MUST ALWEYS FEED OPROSITE
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Note delayed o
 pointing panels
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Note lower output from shaded
panel
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String configuration
— Panels per string & number o age sag vs inverter operation range)
Panel to Inverter
— Line losses
Inverter
— Conversion losses
Inverter to Grid
— Line losses



12 AWG USE-2/RHW-2
N e N o I N T S B O A T N

12 Sharp 208W Modules Utility

'__| Voc = 36.1V
Isc = 8.13A

| 10 AWG
Square D THITHWR-2

HU361RB 12 In ENT

System Voltage
433.2 * Cold Weather Factor

http://www.iaei.org/magazine/wp-content/uploads/2009/05/07dwiles_figurel 118979159.jpg




HIT (Heterojunction with Intrinsic Thin Layer) Solar Cell is composed of
thin single crystalline Si wafer sandwiched by ultra-thin a-Si layers

n-type

Electrode Anti-reflection layer p-type amorphous Si
intrinsic amorphous Si
Top electrode

/ o Bottom
Mslak cloctrode ! plectrode intrinsic amorphous Si

Crystalline Si (p-type) n-type amorphous Si

Conventional c-Si solar cell HIT solar cell

Non-regular Clean surface
grid area ' with minimal non-
regular grid area

Crystalline Si (p-type) Crystalline Si(n-type)
Electrode Top electrode
Anti-reflection layer n-type amorphous Si
n-type (by thermal diffusion at 900°C) \ p-type amorphous Si at200%
Metal electrode intrinsic amorphous Si
Bottom electrode

Conventional c-Si solar cell HIT solar cell l

Source: http://us.sanyo.com/Solar/SANYO-HIT-Technology




Excellent feature of temperature dependence:
« High efficiency at high temperatures
« More output power even at high temperatures in summertime

Temperature vs. Conversion Changes in Generated Power Daytime
Efficiency

08 & | Module temperature 75 degC |—‘
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Soruce: http://us.sanyo.com/Solar/SANYO-HIT-Technology




Think GAIA

For Life and the Earth

HIT Photovoltaic Module

R mnihi?“ liea
Module Efficiency: 16.7 e keen laped

Cell Efficiency: 18.9% Pt = el SANYO'S Proprietary Technology
Power Gutput - 210 Watts - 11 HIT selar cells are hybrids of mon alline silicon
-t - surrcunded by ulira-thin amonp n layers. and
; | are available solely

3 reduce costs by
less tme installing per watt. HIT P els are ides for grid-connected

ms, areas with performance based imcentves, and renewable en-
ergy credis.

arar
power ratings for HIT Power panels guaran zustomers receive
[or more) at the time of purchase, en-
abling owners io per rated wait, guicken inwesiments
returns, and help rea

= or mors
{l | than conventiona’ crystalline silicon solar pansis at the sams
temperature.

Val Features
The packing density of the panels reduces fransporiation, fuel, and storage
costs per installed watt.

r panels are made in California

panels are assembled in an 150
ent), and 13001 (safety)

-p -
els have 3 Limited Y2ar Power Output and 5-Year Product Warkmanship Ko (hepanl.July 24, 2097,
\Warranty. Facwd e Swuth, TH ang e 3

Source: http://us.sanyo.com/dynamic/product/Downloads/Solar%20Sales%20Sheets%20210N-
23881117.pdf
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http://www.electro-tech-online.com/attachments/alternative-energy/29058d1241912600-grid-tit
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TABLE 12-2. Construction and Resistances of Standard Class B Concentric Conductors.

Mominal
de Resistance
Conductor Size Class B Stranding ohms/1000 [t at 25°C

Area in Gauge, Number Diameter Conductor Alloy
Circular AWG of of wires  Diameter Coated or
Mils Size Wires (mils) (inches) Tinned

2 000 000 127 125.5 1.632 N 0.00555
1 500 000 91 128.4 1.412 . 0.00740
1 250 000 91 117.2 1.289 . 0.00883
1 000 000 ;3 " 128.0 1.152 s 0.0111
750 000 61 110.9 0.998 . 0.0148
600 000 61 99.2 0.893 . 0.0187
500 000 a7 116.2 0.813 ; 0.0222
400 000 a7 104.0 0.728 . 0.0278
350 000 a7 87.3 0.681 . 0.0320
300 000 a7 90.0 0.630 ! 0.0374
250 000 a7 82.2 0.573 0.0449
211 600 19 105.5 0.528 . 0.0525
167 BOO 19 94.0 0.470 d 0.0669
133 100 19 B3.7T 0.418 X 0.0843
105 600 19 74.5 0.373 . 0.106
83 690 1 19 B66.4 0.332 . 0.134
66 360 97.4 0.292 . 0.169
52620 B6.7 0.260 . 0.213
41 740 T77.2 0.232 . 0.269
33 090 68.8 0.206 ! 0.339
26 240 651.2 0.184 ! 0.427
20 B20 54.5 0.164 ! 0.539
16 510 48.6 0.146 I 0.679
10 380 38.5 0.116 1.08
6 530 30.5 0.092 ¥ 1.72
4110 24.2 0.073 . 2.73
2 580 19.2 0.058 . 4.44
1620 15.2 0.046 . 7.05
1020 12.1 0.036 , 10.6
643 10.0 0.030 | 16.7

e

d ~d g g md wd w3 =T =3 =3 =3 =3 =3 =

Source: http://www.claytonengineering.com/Training/myweb6/MElect/FM%2055-509-
1%20Chptr%2012%20Electrical%20Conductors.htm



— Fire Safety

State
— Worker Safety
— Approved Electrical Components & Methods (UL)

PUD
— Grid Continuity (community obligation)
— Safety — “Islanding” (Phase & voltage)
— Economic (preserving revenue stream)
— Equipment Standardization (cost, service, maintenance)



Shadin
 CC&R’s
 Budget & ROI (Time horizon and assumptions)



o

reside
wind gen
hybrid wind installed
capacity is 300 kW” (Clark PUD, Jan 5, 2010)

Portland Metro Area (Oregon) 457 solar
installations, 3.2 MW
(oregon.cleanenergymap.com, Jan 20, 2010)
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Source: http://en.wikipedia.org/wiki/Lieberose_Photovoltaic_Park



Cla

Oregon

Database of stat
Solar Oregon: http://www.solaroregon.org
Oregon clean energy map: http://oregon.cleanenergymap.com

Home Power Magazine: www.homepower.com






