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HISTORY AND MARKET

2010 Global PV Demand Analysis and Forecast

Between 2000 and 2009, global PV demand grew at an average annual rate of
51 percent, rising from 170 MW to 7,059 MW. Despite this impressive rate of
growth, the past two years have witnessed a fundamental and difficult market
shift for manufacturers. Previously, burgeoning European feed-in tariff markets
enabled global demand to exceed available supply, driving up feedstock prices
and attracting new entrants across the value chain. But the combination of an
ensuing rapid capacity build-out and the financial crisis of 2008 and early 2009
shifted market power downstream into the hands of project developers and
financiers. Today, global manufacturing capacity greatly exceeds global
demand. With an estimated total of 16.1 GW of module manufacturing capacity
online by the end of 2010, despite this, the global PV market is still constrained

by supply.




US DEMAND FOR PV

Regulatory Case Annual LS. PV Demand Buildup by State, 2008-2012




US DEMAND FOR PV

US Solar PV Forecasts (MW)

2007 2008 2009 2010E 2011E 2012E 2013E
California 91.8 176 220 535 1,100 1,700 3,000
New Jersey 20.4 225 57 100 200 300 400
Florida 8] (0] 36 30 45 50 60
Colorado 12 22 23 25 50 75 100
Arizona 3 6 23 30 50 70 100
Haw aii 3 9 14 23 50 83 136
New York 4 7 12 19 31 52 86
Massachusets 2 5 10 10 50 80 150
Connecticut 3 5 =] 14 10 17 27
North Carolina (0] 4 8 8 20 50 100
Nevada 16 15 2 3 10 20 50
Oregon 1 5 3 4 10 15 25
Texas 0] (0] 2 8 50 50 100
Pennsylvania 0] 0] 2 10 30 50 70
Others 7 16 25 40 254 349 556
Non Grid 60 64 40 40 40 40 40
TOTAL 222 356 485 900 2,000 3,000 5,000




CURRENT DEMAND 9GW
CURRENT CAPACITY 16GW

Market Share of Global PV Demand by Major Market, 2009-2013

2009€E 2010E 2011E 2012E 2013E
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Single Crystal Silicon Solar Cell

The first generation of solar cells
* Silicon is abundant and the process is mature

* Relatively high efficiencies with broad spectrum absorption
range

Birck Manotechnology Center




Single Crystal Silicon Solar Cell

e Passivated emitter with rear locally diffused cell (PERL) has
a record efficiency of 24.7%!

/ Module

fabrication
Silicon

Cell  wafer « Disadvantages
fabrication . .
- Expensive manufacturing costs
- High Material Usage
- Loss of high energy photons as
~ heat

- e RS —

Birck Manotechnology Center




Amorphous Silicon (a-Si) Solar Cell

Advantages over c-Si:

— Simple and inexpensive technology
. . Transparent
— Much less material required ot ode

— Can be monolithically deposited on a
wide range of substrates by PECVD

Efficiency about 13%
Large Band gap ~1.6eV lal electrode | 2 = Electron

& Positive hole

(—iCathode

Disadvantages
— Low material quality
— Not stable over time

..-ﬂi"".'!!ypﬁ‘fk Birck Manotechnology Center




Polycrystalline Silicon Solar Cell

Cheaper to produce than single
crystalline silicon cells

Simple manufacturing process

Slightly less efficient, with
average efficiencies of around
18%.

Disadvantages

— Lower electronic quality
— Increased fragility

-
AT A

vV Park Birck Nanotechnology Center




Copper Indium Gallium Diselenide
(CIGS) Cell

Deposited on either glass or stainless
steel substrates by vacuum deposition or
inkjet-style printing

Band gap ~ 1.38 eV
An efficiency of 19.9% is achieved

Disadvantage

— Increased toxicity
— Scarce raw materials

Birck Manotechnology Center




Cadmium Telluride (CdTe) Cell

Crystalline compound formed from cadmium and tellurium.
Usually sandwiched with cadmium sulfide (CdS) to form a p-n
junction cell.

Cheaper material and inexpensive production
Band gap ~ 1.4 eV
Efficiency of ~16 %

Disadvantages:
— Susceptibility to degradation
— Cd toxic
— Te feedstock issues

-
AT A

-N.u‘--ﬁy Fhrk Birck Manotechnology Center




FINANCING




RENEWABLE PORTFOLIO STANDARDS
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INCENTIVE TYPES

PBIl / FIT — Performance Based Incentives / Feed in Tariff
* |Incentives based on amount of kWh produced
REC — Renewable Energy Credits

* |In some states they can be sold, the PPA provider
keeps the REC to help pay for the System. If cap and
trade becomes law, then the REC’s could be sold

nationally.
Rebate

« Typically based on installed DC watt rating of the
system and can be based on % or fixed $/watt

Tax Credit B

There is a 30% Federal Grant for PV until 2016




FINANCING SOLAR

In most locations solar is not economical without incentives
and subsidies.

Systems that have a 10 year or better payback can be
financed.

Typical investors are looking for investments that are secure,

long term and responsible and they accept a moderate
interest rate.

Tax equity partners receive a higher interest rate and shorter
term.




EXAMPLE NEW JERSEY

500kW system with existing roof

Total Installation Cost

30% Federal Grant

Accel. 5yr MACRS (35% Tax)
Annual Sale of Electricity
Annual Sale of RECS

($2,500,000)
$750,000
$612,500
$77,000
$275,000




EXAMPLE OREGON

500kW system with NEW roof

Solar Installation Cost (S2,500,000)
New roof (S500,000)
Total Installation ($3,000,000)

30% Federal Grant S900,000
50% Oregon Tax Credit (5yrs) $1,500,000
Accel. 5yr MACRS (35% Tax) $210,000
Annual Sale of Electricity $33,000
Annual Sale of RECS / Tariff S48,000

N

We use the roof membrane as part of the solar installation because it’s fully adhered to
the roof.




FINDING INCENTIVES ON DSIREUSA.ORG

{2 DSIRE: DSIRE Home - Windows Intemet Explorer =
/(_-:\ - . & | http://www.dsireusa.org/ v | +s | X [l Google Felpps
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Database of State Incentives for Renewables & Efficiency @IREC
Home C 5 Links | Contacts About Us
DSIRE SOLAR DSIRE is a comprehensive source of information on state, local, utility, and federal incentives and policies that promote

renewable energy and energy efficiency. Established in 1995, DSIRE is an ongoing project of the NC Solar Center and the
Interstate Renewable Energy Council funded by the U.S. Department of Energy.
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PRICES PER WATT

PV Panels

Racking/Mounting

Inverters

Balance of System

Installation

.
B ——

Total

*50%
e Glass thin-film is the least expensive

e 10%

* Roof racking is the least expensive

*5%
e Larger inverters may not be the cheapest

e 10%

¢ Wiring, monitoring, etc.

*25%
e Labor to install panels and electrical

*S5t0 S6

* Roof mounted systems can be the cheapest

1MW $5 to $6 Million




Electrical Profile

PV vs. Load in Watts
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Revenue Stream

1 MW Installation

Annual  Valueof Valueof CSlper Gross  Maintper TTLMaint Insurper TTLInsur Net
Year  kWh kWh Elec kWh  Valueof PBI  Revenue  kWh Cost kWh Cost  Revenue
0 2010 1555504 $0.13660 $ 212482 S 022 $ 342211 $ 554693 -000500 § (7,778) -0.00500 $ (7,778) § 539,138
1 2011 1547726 $0.14029 S$ 217,128 $ 022 S 340500 $ 557,628 -0.00515 §  (8,011) -000515 S (8,011) $ 541,606
2 2012 1539988 5$0.14408 $ 221875 S 022 S$ 338797 $ 560,673 000530 § (8,251) -0.00515 $ (8,011) $ 544,411
3 2013 1532288 $0.14797 S$ 226,727 S 022 S$ 337,103 $ 563,830 -000546 S  (8,499) -000515 S (8,011) $ 547,320
4 2014 1524626 $0.15196 S 231684 $ 022 $ 335418 S 567,102 -000563 S  (8,754) -0.00515 S (8,011) § 550,337
S 2015 1517003 $0.15606 §$ 236,750 S 236,750 -0.00580 S (9,016) -0.00515 S (8,011) $ 219,723
6 2016 1509418 $0.16028 $ 241926 $ 241926 000597 §  (9,287) -0.00515 $ (8,011) $ 224,629 .
: 7 2017 1501871 $0.16461 S 247,216 S 247216 000615 S  (9,565) -0.00515 S (8,011) $ 229,640
- 8 2018 1494362 $0.16905 $ 252,621 $ 252621 000633 §  (9,852) -0.00515 $ (8,011) $ 234,758
. 9 2019 1486890 $0.17361 $ 258,145 $ 258,145 000652 $ (10,148) -0.00515 § (8,011) $ 239,986
g - 10 2020 1479456 $0.17830 S 263,789 $ 263,789 000672 $ (10,452) -0.00515 $ (8,011) S 245,326
e 11 2021 1472058 $0.18312 S 269,557 $ 269,557 -000692 $ (10,766) -0.00515 S (8,011) $ 250,780
— 12 2022 1464698 $0.18806 S 275,451 $ 275451 -000713 $ (11,089) -0.00515 $ (8,011) $ 256,351
13 2023 1457375 $0.19314 S 281474 S 281,474 000734 § (11,422) -0.00515 $ (8,011) $ 262,041
14 2024 1450088 $0.19835 S 287,628 S 287,628 -000756 $ (11,764) -0.00515 S (8,011) $ 267,853
15 2025 1442837 $0.20371 S 293917 S 293917 000779 S (12,117) -0.00515 S (8,011) § 273,789
16 2026 1435623 $0.20921 S 300,343 $ 300,343 000802 $ (12,481) -0.00515 S (8,011) $ 279,852
17 2027 1428445 $0.21486 S 306,910 S 306,910 -0.00826 S (12,855) -0.00515 $ (8,011) $ 286,045
18 2028 1421303 $0.22066 S 313,621 $ 313621 000851 $ (13,241) -0.00515 $ (8,011) $ 292370
19 2029 1414196 $0.22662 S 320,478 S 320,478 -000877 S (13,638) -0.00515 S (8,011) $ 298,830
20 2030 1407125 $0.23273 S 327,486 $ 327,48 000903 $ (14,047) -0.00515 $ (8,011) $ 305,428



ROLES OF PPA PARTICIPANTS

Ut“it!’ Equipment,

+ Continues providing warranties
regular kWh service

+ Provides PV interconnection to grid

* Interfaces with Service Provider and Host
in case of service interruption

* Provides net metering credit to Host
customer (when excess PV power is produced)

Sales and
O&M revenue

Solar Services
Provider
v Inovateus
jte sol * Arranges financing, design
Sea rS Hm Glglv_ﬂszreﬂi{:lfr and construction Installation
Receives solar power from on-site system «< * Processes all incentives <
under long-term PPA | * Ensures system monitoring - >
« Provides space and access v 10-20 year PPA and meets production goals Contract
but does not own array : * Sells SRECs

Finandng

Special Purpose Entity et v

*+ Receives income from PV electricity sales R SRR Return on

+ Legal entity to distribute tax benefits, depreciation, Investment
ownership and leasing between Service Provider

and Investors Legal entity and contract party
* Host signs contracts with the Special Purpose Entity




SOLAR PPA REVIEW

Private Creative Financing Company
(LLC established for every contract)

Capital

*Bank, Insurance

*Private Equity

*Tax Equity

MACRS

Accelerated depreciation for
PV and Roofs

\

O&M

Roofing Manufacturer or
Third Party

Insurance

PV Cleaning and Maintenance

Incentives

*PBI/FIT
*REC
*Rebate
*Tax Credit

Finance Company owns and
maintains the PV system for
the term of the contract

Ideal Term for Sears Holding

N




THE SUN




| _ How does the amount of solar radiation vary throughout the day?

Clear Sky

Solar Irradiance Measurements
Golden, Colorado 9 April 2003
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Partly Cloudy Sky

NREL Solar Radiaticn Research Lab

Solar Irradiance Measurements
Golden, Colorado 3 July 2004

Irradiance [Watts/sqg meter]
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Solar Radiation Research Laboratory (BMS)
October 2004 Solar Calendar
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http://www.nrel.gov/srrl/history.pdf




 The average power of solar radiation is 200W/m2 e

Matthias Loster, 20086

— e = 18 TWe

150 200 250 300 350 W,/m2

At 8% ConverS|on PV arrays at these Iocatlons would prowde 18TW of energy

http //www Ioster com/ml/solar land area/ _ - S
A ‘plain Engllsh version: http://home.i iprimus. com au/nlelsens/solrad htmI' :
5 Wlklpedla http: /len. wikipedia. org/W|k|/SoIar power - '




DESIGN




AZIMUTH




http://www1.solmetric.com/tools/RoofAzimTool . htm#

1. Locate Roof

Address:

800 Fort Negley Bivd., nashville, tn

2. Measure Roof

%l Click this button to put your mouse

pointer into "measure mode". By clicking
and dragging the mouse along the roof edge,
draw a line along the edge of the roof in the
direction you want to measure.

3. See Results

The measured true azimuth direction 1s:
158.0°

E2010Google

.:Google
O

© 2009 Solmetric, Inc. All Rights Reserved.




PANEL TILT
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PANEL TILT
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SOLAR PANELS

UNI-S®LAR.




* STC (1000 W/m?)

800 W/m?2
ko
| 600 W/m?
" 400 W/m?
- 200 W/m?

(Standard Test Conditions)
(1000 W/m?2, AM 1.5, 25 °C Cell Temperature)

Maximum Power (Ppnax): 136 W
Voltage at Pmax (Vp): 33.0 V
Current at Pmax (Ip): 4.1 A
Short-circuit Current (15.): 5.1 A
Open-circuit Voltage (V,): 46.2 V
Maximum Series Fuse Rating: 8 A

|' (251?3"}

a5'1 2/ 3[4[5/6[7]89[10]1]12[13[14[15[16 [17[18[19[20[21]22
32 = i F-1—1—1-1 el B L

MC® Quick Connects

PVL-136

All measurements in mm.
Inches in parentheses.
Tolerances: Length: + 5 mm (1/4"), Width: £ 3 mm (1/8")

(Nominal Operating Cell Temperature)
(800 W/m?, AM 1.5, 1 m/sec. wind)

Maximum Power (Ppnax): 105 W
Voltage at Pmax (Vmp): 30.8 V
Current at Pmax (Inp): 3.42 A
Short-circuit Current (I;.): 4.1 A
Open-circuit Voltage (V,.): 42.2 V
NOCT: 46 °C



CALCULATING MAXIMUM V & |

(at AM 1.5, 1000 W/m¢? irradiance)

Temperature Coefficient (TC) of Is.: 0.001/°K(0.10%/°C)
Temperature Coefficient (TC) of V. -0.0038/°K (-0.38%/°C)
Temperature Coefficient (TC) of Pax: -0.0021/°K (-0.21%/°C)
Temperature Coefficient (TC) of I,: 0.001/°K (0.10%/°C)

)

Temperature Coefficient (TC) of Vip: -0.0031/°K (-0.31%/°C)
y = yreference « [1 + TC « (T- Treference)]

- T —

! . =




TYPES OF SOLAR PANELS

Thin-Film

-

S = —
e - - ///////// I H \\\\\\\ N
Thin-Film 220NN

Solyndra VNN













¢V
" !
E
E
§
B
&
>
3
 §




INVERTERS & HARDWARE




Input Data (DC)

Max. Recommended Array Input Power (DC @ STC)

Max. DC Voltage
Peak Power Tracking Voltage

DC Max. Input Current

DC Voltage Ripple

Number of Fused String Inputs
PV Start Voltage

Output Data (AC)

AC Nominal Power

AC Maximum Qutput Power
AC Maximum Qutput Current
AC Nominal Voltage / Range

AC Frequency / Range
Power Factor
Efficiency

Peak Inverter Efficiency

CEC weighted Efficiency

Mechanical Data
Dimensions W x H x D in inches
Weight / Shipping Weight
Ambient temperature range

Power Consumpfion: standby / nighttime

Topology

Cooling Concept

Mounting Location Indoor / Outdoor (NEMA 3R)

INVERTER

SB 3000UsS

3750 W
500V
180 - 400V @ 208V
200 - 400V @ 240V
17 A
<5%
4
228V

3000 W
3000 W
15A@208V, 125 A@ 240V
183 - 229V @208V
211 - 264V @240V
60 Hz /59.3 Hz - 60.5 Hz
1

96.6 %
95.0% @208V
955 % @240V

178 x 13.8 x 9.3
88 lbs /94 Ibs
-13to +113 °F
<7W/0I1W

PWM, true sinewave,
current source

Convection, regulated fan cooling

o/0

SB 4000US

5000 W

600V
220 - 480V@ 208V
250 - 480V @240V

18 A

<5%

4
285V

3500 W @208V /4000W @ 240V
4000 W
17A@208V,16.6 A@ 240V
183 - 229V @208V
211 - 264V @ 240V
60Hz /59.3 Hz - 60.5 Hz
1

96.8 %
95.5% @208V
96.0 % @240V

178 x 13.8 x9.3
88 1lbs / 94 Ibs
-13t0 +113 °F
<7W/01W

PWM, true sinewave,
current source

Convection, regulated fan cooling




INVERTER WIRING

Sunny Boy 4000US
UTILITY
~ R r
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LARGE INVERTERS
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LIGHTING ARRESTORS

DIRECT CURRENT ARRESTOR

SILICON OXIDE ARRESTOR FOR
PHOTOVOLTAIC AND OTHER
LIMITED CURRENT DC

Collector APPLICATIONS

INSTALLATION

DC/AC AC Load
Control Inverter Center

0 .|
Max Voltage 500 V
To Ground 250 V LA302 DC LA302 R
Red to Positive AC Protector

Black to Negative Blacks to Lines
Green to Ground White to Neutral




http://www.solmetric.com/annualinsolation-us.html

Insolation Lookup

TENNESSEE .
Annual Insolation as a Function of Panel Orientation
Select a City: Location: NASHVILLE INTERNATIONA, TN Optimal Tit=31°, Azimuth=180°, Insolation=1771 kWh/m?
Station ID: 723270, Latitude: N 36.12, Longitude: W 86.68 kWh/m?
BRISTOL TRI CITY AIRPO 90° 100% (1771)
CHATTANOOGA LOVELL FIE
CROSSVILLE MEMORIAL AP 75° 99% (1753)
DYERSBURG MUNICIPAL AP Rﬁﬁgﬂ 95% (1682)
JACKSON MCKELLAR-SIPES 60° igg 90% (1593)
KNOXVILLE MCGHEE TYSON P 85% (1505)
MEMPHIS INTERNATIONAL = 43 i .
NASHVILLE INTERNATIONA . — 8/12 80% (1416)
30°— = 612 75% (1328)
155___ - 4/12 70% (1239)
— a2 65% (1151)
N S N E [ SR NN M (R FEN R RN N 60% (1062)
90° 105°120°135°150° 165° 180° 195° 210° 225° 240° 255° 270° 55% (974)
Azimuth
® 2008 Solmetric Corporation 50% (885)

Enter panel orientation to display annual insolation and TOF

Tilt (°) 29 Azimuth (°) 179 Calculate

At Tilt: 29 © and Azimuth: 179 ©, Annual Insolation: kWh/m? (TOF: 100%)
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HONOLULU

Annual Insolation as a Function of Panel Orientation
Location: HONOLULU INTL ARPT, HI Optimal Tit=24°, Azimuth=143°, Insolation=2060 kWh/m?
Station ID: 911820, Latitude: N 21.32, Longitude: W 157.93 KWh/mz2

907 100% (2060)

75° 99% (2039)

Roof Pitch 95% (1957)

60°— 3o/13 90% (1854)
16/12

£ 45o— 12/12 85% (1751)

s 80% (1648)

30°= — g/12 75% (1545)

15o— — 412 70% (1442)

— 212 65% (1339)

L2 (N | ) I PR (SR (RN R PR R [ R 60% (1236)

90° 105° 120° 135° 150° 165° 180° 195° 210° 225° 240° 255° 270° 55% (1133)

Azimuth 50% (1030)

© 2008 Solmetric Corporation




U.S. Photovoltaic Solar Resource

Annual average solar resource
data are shown for a tilt=latitude
collector. The data for Hawaii and
the 48 contiguous states are a 10
km satellite modeled dataset
(SUNY/NREL, 2007) representing
data from 1998-2005.

The data for Alaska are a 40 km
dataset produced by the
Climatological Solar Radiation
:Model (NREL, 2003).

kWh/m?/Day

-~

[ — ——r—— B —

® 9O o o o 3 « w»Ne=!

l-b © L b " ,"" -@‘@ www.nre;w’;s

Author :Billy Roberts - October 20,2008 This map was produced by the National Renewable Energy Laboratory for the U.S. Department of Energy.



RACK SPACING

o ST Y Solar mounfing Sysiems
ShadeCalculator - Flat Roof | CHLETTER

1. Step: Input - data

Date [Month/Day/Year] [ :I(»21]

Customer TGy

Project

Latitude 40

Module height [m] 3 9.8

Length of row [m] 8 26.2

Number of rows 50

Tilt angle modules [R] [degrees] 30

2. Step: Shade Calculation

Shading angle alpha [degrees]

Base line a [m]

Vertical height [m]
Minimum distance c [m]
Distance row to row d [m]

3. Step: Comparison

Module net space [sm] . B3l 12916.7
Needed roof width [m] . 26.2
Needed roof depth [m] . ] 909.8

Needed roof space [sm] . 23880.5
Roof space / Module space . 18.4
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GROUND MOUNT RACK




ROOF MOUNT RACK




PV ARRAY
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Where is the Ground Fauli?

21V 21V 21V 21V 21V

42 / 21 = 2 or 2m@

module from the positive
home run.
63/21 = 3 or 3rd module from

Positive to the negative home run. Negative to

Ground Ground

42 Volts = = 63 Volts

102



http://www.xantrex.com/su izing/I . . =eng#calculator

Schott Poly 230 - |
30 [Vdc 283360
257858
36.9 Vdc 250122
285890

-0.121|v/°C
260160

230 |Wstcdc 252355

7.66 |Adc 288420

262462
209.3 Wptc

254588
Can't f|'|_1d the_ module you need? Let us know 2909050
by email... click here 64764
256822

Xantrex GT500-MV | ~ | 293480

500000 Wac 267067
1717 Adc 259055
600 Vdc 296010
600 Vdc 269369
300 vde 261288
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ELECTRICAL OUTPUT

System Rated Size in DC Watts
«Seven PVL-144 - 7 X 144Watts = 1,008 Watts
1,000 Watts = 1kW

This system will produce 1,008 Watts with
iIdeal conditions, with the sun directly
overhead and no clouds.

Watt Rating is Based on 1,000W/m? = 1 kW/m?
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: Varlability of Latude Fixed-Tilt Radiation n“rﬂlt, m

ol WBAN NO. 94847

LATITUDE: 42.42° N

+ LONGITUDE: 83.02* W
ELEWATIOMN: 181 metars

MEAN PRESSURE: 232 millibars

v Radiabion (KWhim®(day)

| STATION TYPE: Secondary

Solar Radiation for FI_a_FPIa!a Collectors Facing South at a Fixed Till (kWh/m?/day), Uncertainty £9%

Tili (") Jun Feb Mar | Apr Muy June July Aug  Sepl Ot Naw Dec | Year
'[I Averape 1.6 34 4h 58 .l 53 Fi} Ex ) 1.7 13 1§
Min/Max | L3019 3140 | 3652 44065 ATIRE 46l 3547 | 1204 LY LS | 340
Latituda -1§ | Average 14 4.1 5.0 57 .l 56 48 37 14 19 43
= = | Min/Max | 1L&29 L5050 | A58 4667 Al 4Heh 3956 | 2647 1533 L4725 | 4005
Ladiyde Averpe 5 42 49 54 56 14 48 39
& . | MinyMax | 1.943.3 LHSA | 3457 4342 SHAI 4563 3957 27s1
5 ZH 4.1 45 4.8 4.0 44 1.4 39
Laftinge 115 20035 1552 | 3353 I&SS 4H55 4158 3755 | 1&s0
a0 2.6 Al il a0 28 | EN| Efkc} 3z
LRI 2550 2740 | 296 2% 1HI0 ZEAs 2aM0 | 242
Solar Radiation for 1-Axis Tracking Flal-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +8%
Axis Tilt (%) Feh Mar [ Apr  May  Tume | Aug  Sept | Ot Nov  Dec | Year |
o Averge EE] 45 | 59 72 | 1.9 55 | 38 12 L1 | 4%
Min/Max 268 IHST | AHT1 SGM0  GT0R | TIM1 IEWI 43A4 | 2F0  L4A0 123 | 4653 |
Latiuee 1§ | Avemnze 4.0 50 6.3 74 RO 8.0 73 an 45 3.7 21 5.3
R =S | Minax AMST A0S | 4475 ST2 ATHLE | T2M3  AOEE 4772 | A9 LGMO L5290 | 458
Latitude Average i1 51 6.2 1.l 72 1.7 7.1 6l 47 249 23 53
| Min/Mux 140 4306 (4TS SSKY A4M4 | 65990 SEEL 4, ANED  LAM43 LG5 | 4958
¢ 5 | Avemge 3 50 19 1.1 1.2 41
Latitide 1 15 | Minax | 2 4472 5004 S0R8 | 644 X1 K]

Solar Radiation for 2-Axis Tracking Flal-Plale Collectors (kWh/m?/day), Uncerta

:Tr.u:kul Jami ; |_:|: b Mar | Apr Iy June | July Aug Sept i -_ )
2ok Avemge il 5| (] 75 12 22 73 1 47
S | Min/Max 6.7 893 7

43014 a.8010.1 4 GOEE 4773 | 363 Lad

: cl Beam Solar Radiation for Concenlrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker | um Feb Mar Apr My Tune July Aug Sepl Huw
|-Axis, E-W i Averge L5 240 37 32 37 36 a3 28 15
Horiz Axiz | MindMax | 0872 1533 L2336 2046 2651 2546 2344 17T 0416 2
|-Axis, N-5 A : 10 LY 34 43 4.8 4.8 43 33 11 B
Horiz Axie | Min/Max | 0614 10327 LT L3632 3467 | 3962 A1HT 1043 0.32n 3
l-Axis, N-§5 | Avempe L6 24 a7 42 4.6 4.0 43 b Nl | 7 12 32
Tilr=Latimde| Min/Max [ Loz3 1438 LEM9 2660 364 | 3750 32590 2349 0530 0620 | 2736
2. Axis Average LE 15 7 4.4 30 30 d5 38 1.7 13 il
Sl | Min/Max | 1025 1440 LRGS0 ZRMG4  3EmS | 40ed4 36l 1349 | 0531 0722|2908

. Average Climatic Conditions o N

Elememt Jun Beh Apr Delany June July Aug Sepi Oct Now D Year |
Temperture (°C) 5.1 A7 a5 147 19,8 224 4 173 107 46 21 a3 |
Daily Minimum Temp 9.1 8.0 27 84 115 16.3 153 14 49 0l 59 10
Daily Maximum Temp | .09 07 143 o 26,1 %4 274 113 164 20 LB 145
Record Minimum Temp | 204 26,1 122 39 2 5.0 33 1.7 &3 18 =133 | -
Record Maximum Temp | 167 18.3 37 REL] 400 kL] TR 3 50 0.0 40,0
HDD, Base |8.3°C 725 il 295 133 21 a 9 413 B3 k[t 1)
CDD, Bage 18.3°C ] @ 1] 1] 21 (] 128 103 i] 1] 48
Relative Hurmidity (%] 75 73 a6 (5] a7 (=] 2 75 i 7l
Wind Speed {m/s) | 54 51 52 4.6 42 | 34 37 54 $1] 46




NATIONAL RENEWABLE ENERGY LABORATORY (NREL)

Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
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ELECTRICAL OUTPUT

How much Power or AC Waltts
1,000 Watts = 1kW DC

About 80% of the DC electricity becomes
AC Electricity

kWatts DC x full sun hours x system efficiency = kW AC

1 KW DC x 1.6h x .80 = 1.28 kWh AC

1 kW DC x 6.2h x .80 = 4.96 kWh AC

1kW for one hour = 1kWh = 10 X 100W Lights for one hour




Projected Output for
F 7 “, Detroit, MI
i B, \ Module Type: PWL-144
X‘.O‘rATE U Module Rating W- 144
- S P T Module Sq. Ft.: 23
SOlal MWumber of Maodules: 7
19890 State Line Road Systemn Rating kw': 1.0
South Bend, Indiana 46637 Systern Total 5g. Ft: 163
7/21/08 State: IN
Module Tilt: 0
Component Derate  Derate If.wh,-‘ml,f Solar kwh,l"mz,.r' kwh/f
Factors Value Month Day Ave  Access Month Month
Module DC Rating: 1 Jan 16 100% 496 41
Inverter: 0.92 Feb 25 100%: 725 59
Mismatch: 098 Mar 34 100% 105.4 86
Diodes @ Connections:  0.995 Apr 46 100% 1380 113
DC Wiring: 0.95 May 56 100% 173 6 142
AC Wiring: 099 Jun 6.2 100%: 186.0 152
Soiling: 0.95 Jul 61 100% 1891 154
System Availability: 0.98 Aug 5.3 100% 164.3 134
Shading: 1 Sep 41 100% 1230 100
Sun-Tracking: 1 Oct 28 100% B6.8 71
Age: 1 Now 17 100% 510 47
Albeda: 1 Dec 13 100% 40.3 33
Total: 0.81 Ave 3.B 100% 115.0 94
Total Estimated kWhr/Year 1,127
kWh/ Month
180
1e0
140
120
1o
ao
=]
an
20
This s not a guaranteed output and is only a projection. The actual output may be different. Temperature can have a significant impact on the system'’s
output, with lower lemperatures incressing and higher lemperatures decreasing outpul. The dita is based on 25 Degres Celsius.
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Avoided Emissions

Detroit, M|

Iw O\;rATE U Total Estimated kWhr/Year 1,127
- solar o {Ib/Mwh) TTL Annual #
Pounds of CO° Equivalency 2,088 2,353

19890 State Line Road Pounds of NCOx Equivalency 20258 23
South Bend, Indiana 46637 Founds of 507 Equivalency 13.4570 15
72109 Pounds of CH4 Equivalency 0.0245 0.0

Pounds of N2O Equivalency 0.0348 0.0

Pounds of Hg Equivalency 0.000045 0,000

CO* Equivalency Quantity
Annual greenhouse gas emissions for passenger vehicles 0.15
Gallons of gasoline consumed 92
Barrels of il consumed 2
Tanker trucks’ worth of gasoline 0.01
Years of electricity use in one home 011
Years of energy use in one home 0.07
Sequestered carbon by tree seedlings for 10 years 21
Sequestered carbon annually by acres of pine or fir forest 0.1e
Propane cylinders used for home barbeques 34
Burning railcars' worth of coal 0.00
Tons of recycling of waste instead of send to the landfill 0.3

Annual Cumulative Greenhouse Gas Equivalency
Tons of CO?

12

10

1 2 3 4 5 6 7 & % 10 11 12 13

14 15 18 17 18 1% 20

Cyuivalency rates are estimates only and are based on the "0, Envirenrmental Protection Agency. hitp: feww epagov/deanenergy fenergy-
resourcesegrid findex. huml




THIN-FILM BIPV




THIN-FILM GOES TO SCHOOL




CRYSTALLINE VS. THIN-FILM
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ONLINE RESOURCES

Basic Design Manual
Solar Pro Magazine

Orientation: Azimuth and Pitch
Modules and Inverters

Incentives and Rebates

Design Programs

Solmetric SunEye
Solar Pro Magazine
Sun Position

Backup Battery Capacity
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