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Outline

\#

* The Definition of DOE’s Key Solar Program Metric:
Levelized Cost Of Energy

* Overview of DOE’s Solar Advisor Model

* Levelized Cost of Energy Analysis Examples
— LCOE is not just performance and cost

* Current Efforts to Evaluate and Validate PV
Performance Models

— Preliminary Results

 Future Work
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=

= 1+ M,
Cash Flow (M) & Fo
Financials LCOE = —
. N
* Loan term, rate, fraction Qn
* Income tax, depreciation z (1+d)r
« Incentives $/w or $/kWh \ n=0 1
« Discount rate (d)
* Inflation
* PPA, Escalation « Location
* Required IRR...
Installed Price
« Modules ($/W)<— MOd_UIG
* Inverters ($/W) < — Eff, Size,
« BOS ($/m2, $/unit\</ — Mounting
* Installation ($/m2, $/unit) /
* Project Development, Permits,
Design, Systems Monitoring ($'s) Inverter
: : Eff, Size,
Operations & Maintenance / Location
)4’

« Weed control, washing... ($/m? —yr
 Lube tracker, change inverter filter
($/unit-yr)

 Replace inverter ($/unit by year) <

* Property taxes, insurance (% first
cost)

 Monitoring ($/system)

| | lrLocation

' Levelized Cost of Energy (LCOE)

System Lifetime N (yrs)

Energy Flow (Q)

+ Solar Resource (kWh/m?
» Temperature, Wind, Snow...

System Design
« Orientation, Tracking or Fixed
* Mounting: BIPV, Open Rack...

Module Characteristics
« Efficiency (%)

» Temperature Coefficient (%/ C)

» Degradation Rate (%/yr)

Inverter Characteristics
Efficiency (%)
Location (array vs. string vs. module)
Nighttime Tare Loss

Derates

¢ Mismatch
¢ Diodes & Connections

+ AC & DC Wiring Losses
» Transformer

» Soiling and Shading

» Tracking Error

+ Availability

h)
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'
| ; " DOE’s Solar Advisor Model
(SAM)

Vision
— Combine PV, CSP, thermal solar T

- - L] m -.."‘

technologies into a single model v

— Make high-quality performance S OLA R

models developed by NREL, Sandia,

and other partners available to a ADVI S OR

wider audience

— Facilitate comparison by handling MODE L

performance, costs and financing
consistently across technologies

— Facilitate calculating the impact of «g}nasl_
R&D on LCOE, NPV, etc. in various

i

markets.
— Sensitivity analysis and graphing Thanks to Nate Blair and
capabilities his colleagues at NREL
— Over 6000 downloads for developing SAM

* Download (no cost) at:
https:/lwww.nrel.gov/analysis/sam
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Program Tab:

* Select technology
» Photovoltaics

» Concentrating Solar
Power

» Generic
* To be added
» Solar Water Heating
* Other renewables
* Select market
* Central Generation

» Distributed (Buildings)

A Quick Tour of SAM

£ 3 C:\Program File s\My Programs\SAM_3.0.2 0\SAM\Backup\Standard P [ Systems_backup.sam
File Edit Wew Case Results Help

Eg@®®r1115] Flat Flate Syslel Commercial Flat Plate System

LUtility Concentrating Spstemn
Fragran:

Technology  |Photovaltaics

Market Cenlral Generation
Application Electricity

Emeid) ; ES
Climate A2 Phoenix.trm2 >
Utily Rates  |NAA >
Financial: IPF and Utility >
Incenti e > : e PR A o
ncentives Technology Markor )
Loads Under Development >

* Photovoltaics & Central Generation W Electricity
Sysiem 3 " Concentrating Solar Power - r
Configuration |Flat Plate > " Salar Heating and Lighting  Buildings [gridtied)
Ay Sps=1000110Kwdein ¥ Eersi Commercil

Residential
M odule Schatt Solar ASE-300-D >
-~

Inwverter Single Point Efficiency ﬂ
Storage ’m ﬂ
BOS [Undsr Development ﬂ
Costs ’W ﬂ

Resulls

Summary ﬂ

Spreadsheet |

Time Series Graphs |
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Environmental Tab:

» Select climate

* Enter financial
inputs

 Enter incentives
Default values

* Included in
example files

» Values specific to
project should be
used!

A Quick Tour of SAM

:\Program Files\MY PROGRAMSYSAM_3.0.0.0\Backup\Standard PV Systems_backup.sam
e Edit Wiew Case Results Help

Residential Flat Plate System
Frogran &

Techrology  |Photovoltaics
tarket Central Generation >

Applicatiog 1

Emvyranmeni

Climate IW ﬂ
Uty Rates  [N& ﬂ
Financialz IW
Incentives IITC— ﬂ

Configuration >
Airay Spe=10000110kWdeIn - P

Module Im ﬁ
|rrverter Single Paint E fficiency ﬂ
Storage Im ﬂ
BOS [Under Developmert 3|
Costs IW ﬂ

Fesulls

Summary ﬂ

Spreadsheet |

Time Series Graphs |

Commercial Flat Plate System

Utility Flat Plate System - IPP

Utility Cancentrating System

Type of Financing ||F'F' and Utility

Geraral

Analpsiz Period 30 pears
Inflation Rate 280 %
Real Discount Rate EO0 %

Faxes and naurance

Federal Tax IW ilvear
State Tax lw Zlvear
Property Tax IW # fpear
Sales Tax 0.0a
Insurance 0.50

Power Furchase Agrecment {FF4)

+  PPA Escalation Rate 06 %

" Optimize PPA eszcalation rate to minimize LCOE.

o

o

CORSUEINRG ASSUmplions
Specify minimumn equity Intermal Rate af Return (IRR) and

minirmumn Debt Service Coverage Ratio [DSCR] and Poszitive
Cashflow requirement

Iinirmum Required IRR 1500 %
Mirimurn Required DSCR 140 W

Positive Cashflow [w

[~
Loar
Arnaint ,W
Tem 20 years
Rate B.OD  Efvear
& Loan [Debt] Fraction ’W %

" Optimize debt fraction to minimize LCOE.

Wemghted Average Cost of Caprital

WA CC 1044 =

Federal Pepracration

™ Mo Depreciation
v MACRS Mid-Quarter Convention
" MACRS Half-vear Convention

pears

State Depreciation

" Straight Line

" Mo Depreciation
¢ MACRS Mid-Quarter Convention
" MACRS Half-vear Convention

pears

™ Straight Line
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System Tab:

» Configuration

* Array
characteristics

* Module and model

* Inverter and model

* Cost Data

A Quick Tour of SAM

C:\Program Files\My Programs\SAM_3.0. 2.0\SAM\Backup\Standard P¥ Systems_backup.sam
File Edit Yew Case Results Help

. Residenial Flat Plate System . Commercial Flat Flate System

ES

Ltility Flat Plate System - IPP LUtility Concentrating System

Fragram

Technology  |Photovaltaics

M arket Residertial >
Application Electricity

S

Emvranmant

UtltyRates  |FltRate ﬂ
Incentives llTCi ﬂ
Load. (s t ﬂ

Configuration  |Flat Plate .I

Sys=3.81kwide I nv=20 )|

Climate

Financialz

Array

Sysieny Mouniing Comverier
Photowatt Piw1000 (35
otowal [ > & Flat Plate * Pack o |nverter = Mo Batteries
Imerter " Concentrating - o v

Storage Under Development >
BOS Under Development >

$34.21472 ﬂ

Summary

Spreadsheet |

Time Series Graphs |
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A Quick Tour of SAM

Madulestrray Pefarmance Madsl |Sandla P Anay Performance Model

D atabaze of Available Module Coefficients |Sch0tt Solar ASE-300-DGF/50 [2E65)[EFG me-5i)

{haracternsiics
. Schott Solar ASE-300-DGFAS0 (265)EFG mo-5i)
Select Module Model and Accompanying Effiency [ 1082 % e
Database i 3B Wi . o R A i
. B P S SRS SN S SN A VO O
« Sandia Array Performance Model free I e [ i R S .
[E= |758 AMps E ERL I LR preotees tRRER Poneeees TR 1
» Empirical model for modules in database vor [TNER vos ganf o
o ) e B i R SRR
« Coefficients Derived from Outdoor Ime i ames w0k
Testing on 2-axis Tracker iy gl vols 0 O TG T
dPrmp/dT -44 =0 e Votage (el

* Testing Technology being Transferred to
TUV Rhlneland PTL Module/&ray Performance Model |CEC Performance Model j

° AISO used In SOIGFDGSIgnPrO and [Diatabase of Available Module Coefficients |SCh0ttSoIarSAPE-‘I?D[EEE] j
Lharacieristics
Internal IndUStry MOdeIS P_mp_ref 'W wido beta_oc -153 WK Schatt Salar SAPC-170 (CEC)
o . _ Ao |—13 m2 a_ref 1878 v _:
CEC/Wisc. 5-parameter model — PO e oo ]
« Diode model _sc_ref 547 Amp Ioref [ B257EAD Amp § 40
W _oc_ref 432 v Rz 589  ohm E 0
. . 3 20
« Built from spec. sheet or independent Lo et [EOEAE arp Aot [OOSR om 3L L
Y_mp_ref 348 v gamma_r |—452 K = 00 3 ______ :r _____ i______i_____j______é ______ E ______ E _________ -
test data wtose [ srer oy (RN N N T I
* Includes modules in CEC database T-NOCT R C
« Also used for CA New Solar Homes Feterence fnute
. T_refC 25 Eff I_nact 1,000 wim2 kL 008 frac
PartnerShlp I_ref 1.000 'wim2 tau_alpha A frac eta_mppt 1 walts
OR T_amb._noct 2 C eg 112 &y FRv wind | 1 ziC

» Enter module area, efficiency and PrnIO ﬂ.ll ﬁéa:"cligﬁal
temperature coefficient Laboratories




A Quick Tour of SAM

Minimum of 5 samples reguired

Specified Sample #1 Sample #2 Sample #3
Output Output | Input Output| Input Output| Input
Paower Input Voltage|| Power | Voltage | Efficiency || Power | Voltage | Efficiency || Power | Voltage | Efficiency
(% of rated)| _ (Vdc) (W) | (Vdo) (%) (W) | (Vde) (%) W) | (Vde) (%)
10% Vmin 286.7 | 200.7 93.540 286.5 | 2007 93.536 2864 | 2007 93.534
20% Vmin 652 201 96.179 651.5 [ 200.9 96.106 649.6 201 95.854
SeIeCt Inverter MOdeI and 30% Vmin 960.6 203 96.378 958.6 | 202.9 96.322 959.8 203 96.317
. 50% Vmin 1364 8| 2012 96 561 13658 2013 96 550 13636 2012 96 497
Accom panying Database 75% Vmin 2132 | 2001 | 96200 || 2130 | 2080 | 96206 || 2128 | 209 | 96.029
100% Vmin 2896 2101 96.053 2891 [ 209.9 95.951 2887 | 2102 95.691
. 10% \/nom 292 4 250 6 92 649 2922 | 2506 92 556 2921 | 2505 92 525
o Sand 1a I nve rter MOdel 20% Vnom 6480 | 2506 | 05840 || 6483 | 2506 | 95775 || 648.3 | 2506 | 95775
30% \/nom 953.9 2506 96.033 9538 | 2506 96.023 9537 | 2506 96.013
L. 50% Vnom 1367.6 | 2506 96.114 || 1366.9| 250.6 96.071 1366.6| 2506 96.064
° 75% Vnom 2116 250.7 95.877 2116 | 250.7 95.877 2115 | 2507 95.831
Emplrlcal mOdeI 100% Vnom 2861 250.8 95.303 2956 | 250.8 95.171 2955 | 250.8 95.108
10% Vmax 2000 | 3998 | 90.623 || 2008 | 3098 | 90592 |[ 2905 | 399.8 | 90.498
° 20% Vmax 6436 | 3005 | 04703 || 426 | 3008 | 04680 || 643 | 2000 | 94601
PerfO rmance Data from a 30% Vmax 9624 | 399.8 | 95429 || 962.3 | 399.8 | 95400 || 962.1 | 399.9 | 95371
H H 50% Vmax 1367 399 9 95 288 1367 | 3999 95 281 1366 4| 3999 95 259
National |y-Recog nized 75% Vmax 2120 | 3999 | 95195 || 2119 | 3998 | 95193 || 2119 | 3999 | 95150
. 100% Vmax 2854 399 9 94 660 2854 | 3999 94 629 2854 400 94 629
Testing Laboratory
® D ata P U bl IS h ed by C a | Ifo rn |a Inverter Performance Maodel |5 andia Performance Model for Grid-Connected PY [rverters j
E n e rg y CO m m iSS i O n Database of Available Inverter Coefficients |SMA America SB3000US 2400 (CEC-2007) j
Characlernstics
. . Sh America SB3000US 2404 (CEC-2007)
 All CEC-listed data is PowsCo [TTTTEN0 Wos
: PoweDCo | 3151608 wd 100.0
analyzed by Sandia and hepte i
. Minirum Yoltage [Vmin) 200 v a5 |
added to the SAM Inve rter MNominal Yoltage [Wnom) 2R0.643 v
d ata ba Se I axirum Yoltage [Vmax) |—400 1 & 00
PowerSao 17.844 widc _E 5.0
[x}
O R PowerhT are 07 Wac b
80.0
Ireeerter Coeff. CO 9575E-6  1/w/de
« Enter inverter efficiency and size s Coet 1 [SZBHES 11 ol
Inverter Coeff. G2 [ 2170E-3 17y oMbt —"
Other Inverter and System mOde|S werter Costt. 3 T T00EES 17y 0 5 1015 20 25 30 iso:ga?;%omzsmgg\.\?:r 70 75 80 85 90 95100

may be added, e.g. PVWatts
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A Quick Tour of SAM

L ayaut Pegradation
todules per Shing | System Degradation 1 ZAvear [compounded)
Strings in Parallel 80
E n te r Array P aram ete rs Shading Faciar far Drect Radiatian
Total Modules 28,350
 Array Layout and Orientation Tota ey rea [ BB 2 Come T
Array Power a2/ kwde Derate
[ ] TraCkI ng Type Wac [string) BhRE v (s Detailed " Simple
Ymp [ztring) 450 vy
° D eg rad atl O n Rate Vheam B = P module nameplate DC rating oz
i h 98 x
Inverters 35 mate :
° Derate Facto rS Diodes and connections 935 %
Total Inverter Capacity FA588 KW
DT wiring 98 =
° i . .
Often Estimated racting Seiing [ % %
~ Fieed Sun-tracking 00 %
ine
* N eed to U n d e rSta n d a n d oo 1-asiz Total pre-inverter derate factor 3078 x %
~ 2-axis
Document Derate Factors acvirg [ %
in Installed Systems Orientation Tronstomes | 98 %
Ti! o - System availabilty %z
Azimuth® o= Total post-inverter derate factor 35, 05 Z
Giround Reflectance 0. Total derate factor Iﬂ 4 I— 4

Ground Fefl. with S now 0E

Mote 1; 0° = horizontal, 90° = vertical

Mote 2 0° = south, 90° = west, -90° = east

Mate: lrwerter efficiency handled on inverter page.
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Cost Tab:

* Enter component, BOS,
and installation costs

* Enter indirect costs
* Enter O&M costs

* An Excel-based
systems cost model that
can be linked to SAM is

A Quick Tour of SAM

at Plate System Utility Flat Plate System - IPP Utility Concentrating S ystem
£3oital Costs
Lhirect
Module 37.740units 2E5 W Aunit 10,0070.7 kiwide | $3.33 |$:’Wdcj | $33.303 663
Inverter  ddunits 227,300% unit 10,001 2kwac | $51 [$wac ~| | 45100612

Storage
BOS $5 536 320
| nztallaticr 30

Contingency 1% | $4.39, 396

Total Direct Costs | $44.378.991

fdirect

. Engineer. Procure, Construct 7 % of Direct Costs $£3.106.529
bel ng developed by Project, Land, Mizcellaneous 4 % of Direct Costs $1.775.160

NaVlgant COﬂSUltlng, SalezTaxe: 0 % applies to 100 3 of Direct Costs ’7&]
Inc. Total Indirect Costs | $4.881,689

fotal insigiied
° Th |S exam ple | nCI udes Total Installed Costs | $49.260.680
Total Installed Costs per Capacity [$de) $4.93
* O&M Schedule, e.g.
for inverter Operation and Mainfenance Costs

replacement

First Y'ear Ezcalation Fate”

> Fixed [per year]_ e
p Fired [per capacity] $6.29 30 deyr 1]
Variable [per production] $0 $MWwWac-h 1]

* abowve inflation

Sandia
m National
Laboratories
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« Parametric analysis
of other O&M costs

23

i




-
' A Quick Tour of SAM: Results Page

0\SAM\BackuplStandard PY Systems_backup.sam

al Flat Plate System ‘ Utility Flat Plate System - IPP Y Utility Concentrating System

Edit | Add Delete |
LCOE [reall 1636 16.36
LCOE [ramm]ledkiaf) 21.08 21.08
Met Present Yalue($s) 401476 401476
Simple Payback(years) »>30 »30 35000
Systems Perfarmance Factol 074 0.74 '
Kwh 7 kW - Year 1(h] 172818 172818 34,000 B Present Value Ins and Prop Tax
Capariy Factorl%) 19.73 18.73 - E melf;;‘ Value O and M
Annual Oulput - Year 1(k'Wwh E.580.93 E.580.93 ' . Installation
30,000 0 eos
O Inverter
28,000 W Module
26,000
Choose Sliders... Change Base Yalues | 24 000
BOS [$
® ] 22,000
|2DB1 RN R AN
I
' - & 20,000
0 4182 Pt
Fixed 0 and M [$/kMw de-ypr) " E 18,000
™ &
|?4 trrrrrrrrr®rererrrrnd
r G 16,000
0 143
14,000
12,000
10,000
6,000
6,000
4,000
2,000
u]
3
Module Cost (FANHC)
Show Notes ¥ Autoscale W Legend [~ Show Title @ Send To Excel
Module Cost [$/+'dc) Module  Inverter  BOS Installation Indirect  Present Value 0 and M Present Yalue Ins and Pop Tax Total
2 §) 2.840.00 2,0891.00 5,663.00 5.200.00 5.668.45 000 2320045
25 9520.00 2,240.00 2,091.00 5663.00 5:200.00 5,888.45 0.00 3119245
3 11.424.00 2,840.00 2,081.00 5663.00 5,200.00 5,888.45 0.00 33,096.45
il 13.328.00 2.840.00 2,081.00 5.663.00 5.200.00 5.888.45 000 35.000.45
4 15.232.00 2,840.00 2,081.00 5,663.00 5.200.00 5.668.45 0.00 3690445
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B LCOE (real) (g/kWWh)
B LCOE (nam) (@/kWh)

Analysis Examples
LCOE is about more than initial cost and performance

4% Degradation Rate (%/Yr) S 10-

CAUTION !
Financial,
performance,
and cost
assumptions
will impact
results.

30 System Lifetime (Yrs)

]
=

S I L
[ R L

—
mn}

—
= o

—
ra
!

E (real) (gkhh)

] = [yl
! I

=
1

4%
O&M (% of System First Cost/Year)
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}-i PV Performance Model Validation

* Two Activities Underway in Collaboration with
Industry
— Evaluate/Validate Models Used to Predict PV
System Performance
* In Choosing Between Technologies or Designs

— Evaluate/Validate Models Used to Monitor System
Performance

* Determine When Performance is Less than Expected
Given Weather and Solar Resource — O&M Needed

» Also Relevant to Acceptance Testing
* Goal — Understand Accuracy and Uncertainty

— More accurate models may require more accurate
input data (components and solar resource)
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Radiation
Model

Sandia
Module
Measurements

Incident
DNI and Diffuse

Module
Model

A 4

Module
Database

Array

CEC/SNL
Inverter
Data

DC Derate

A 4

Inverter |

Model

y

Inverter
Database

AC Derate

PV Model
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Model Validation Results, Lat. Tilt, ABQ
DC Output (kWh) by Month (no derate)

1.11 kW Crystalline Silicon Array

= DC Measured
=—=No Temp Coeff.
— SNL: module N
—1 pt+TC 6 days
— S-para m1ssing
data in
4 PVMoD July
SNL: Array
- PVWatts
D

3
J F M A M J J A S @) N
Sandia
m National
Laboratories

On-sun measured module parameters input to all modules




kWh/day (normalized to measured)

Monthly Output
Normalized to Measured Data

1.11 kW Crystalline Silicon Array

8
7 i
6

=—=No Temp Coeff.
5 SNL: module

— 1 pt+TC N

S-para

4 — PVMoD 16 days

—SNL: Array LRl

— PVWatts data in

July

3 ‘

J F M A M J J A S O N

When derate is applied, modeled monthly output is
similar, but implied derate factors vary

D

h)
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Annual Output Relative to STC Rating

Missing: error bars (uncertainty analysis) and comparison with measured data |I1| Noional

1.1

1.05

0.95

0.9

0.85

Module Model Comparison, Portland, OR 18 deg tilt

A

e N

—— CEC ——SNL —— Eff + Temp Coeff

Film Si mcSi EFG mcSi BC cSi cSi HIT CdTe 3-aSi 2-aSi CIS

Module Technology

All analysis based on same physical parameters.
For illustration only - not necessarily representative of current module technology.

Laboratories



— Lower cell temperature = higher efficiency

performance”

Hourly averaging may lead to undersizing the inverter

Alternating clouds and bright sun is modeled as medium irradiance
All modules have higher efficiency at medium irradiance

1)),

1)

Model output - (Ee * (power out at Ee
(kW/kW @ Ee

0.08

0.06

0.04

o
o
N

o

-0.02

-0.04

-0.06

Modeled Performance Differences with Varying Irradiance

Ambient conditions held at T=20 C, wind speed =1 m/s

= \odule 1 -
=== odule 2 -

Module 3 -
Module 4 -

a-Si ¢.1997
CdTe c¢.2004
Thin Film 2009
mono c¢-Si 2006

mono c-Si 2003 ||

poly c-Si 2006

=== \odule 5 -
== \odule 6 -

o

Effective Irradiance, Ee, (1 =1 kW/m*"2)

Hourly-averaging may overemphasize impact of superior “low-light level

h)

Solar input to models is an hourly average

Sandia
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Future Work

Continue Validation and Evaluation of Models

— Acquire cSi and thin-film data sets in bright and diffuse
climates (Albuquerque; Golden, Co; DC; Cocoa, FL)

— Conduct detailed evaluation vs. incident angle, solar
radiation, temperature, wind speed...

— No right answer: Requirement for accuracy may vary
Perform robust uncertainty analysis

— Incorporate stochastic analysis into models

— Which parameters are most important?
Improve understanding of derate factors

— Develop Web-Based Photovoltaic (PV) Database

See eere.energy.gov/solar/upcoming_opportunities.htmi
Complete evaluation of impact of hourly averaging

— Can modeling be improved by synthesizing sub-hourly
data from existing hourly-averaged data sets?
)

Sandia
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Questions




=

DOE’s Solar Advisor Model
(SAM)

Vision

— Combine PV, CSP, thermal solar
technologies into a single model
— Make high-quality performance ’

models developed by NREL, Sandia,| = == E
and other partners available to a o e
wider audience j

— Facilitate comparison by handling P
performance, costs and financing iy | || o
consistently across technologies j P g

— Facilitate calculating the impact of |= 57 5 =
R&D on LCOE, NPV, etc. in various | — "
markets. o

— Sensitivity analysis and graphing
capabilities )

_ Over 6000 downloads Thanks to Nate Blair and

his colleagues at NREL
for developing SAM

 Download (no cost) at:
https:/lwww.nrel.gov/analysis/sam

Sandia
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'
> ' A Quick Tour of SAM

Modulzfarmnay Performance Maodal |Sandia P Aurray Performance bodel j
Select Performance Models and Database of Available Module Coefficients |5l:hcullSolar.-’-'ASE-EEID-DGFHED [2B5)EFG mc-5i)
ACCOmpanying Databases Characterstes Schott Solar ASE-300-DGFIS0 (265)EFG me-Si)
Efficiency 1092 = 5 o)
» Sandia Array Performance Model p [TE i S N R S S hee.
) ) P 2427 w2 a0l N SN S W
Also used in SolarDesignPro . Y - S T .
« CEC 5-parameter model voe [[82 vals 3 122 “““““““““““““““““““““““““““““““““
Imp 53 amps e L |

« New Solar Homes Partnership oo (IS A B

wiolks i] 10 20 30 4IEI
Module Yolkage (volts)
H dPmp./dT 44 =.C
* All modules in CEC database "
° Sandia Inverter Model Inwerter Performance Madel |Sandia Performance Model for Grid-Connected P Inverters j
D atabase of Available |nverter Coefficients |><antrex Technologies, Inc. PY2255-480 4800 [CEC-2005) j
b A” Invertel"S g CEC database P T o e
Hantrex Technologies, Inc. PY2255-450 450% (CEC-2003)
PaowerACa 227300 Wac
OR PoweiDCo [24168231 wis 1.0
__— Minimum Yaoltage [Vmin) 00 vy a5
» Enter module area, efficiency and Nonis Vot vom [N v
P, temperature coefficient MavinunVokage vnes) [TNNEE v 20
. . . FowerSo | 2B17.457 widc £ 850
(i)
* Enter inverter efficiency and size poveTare [TTTTGEE wao gl
8004 -
Inwverter Coeff. CO -1.235E-F  1/Awdc
OR Inverter Coeft. ©1 | 1471E-4 14/ [N e
. Iwetter Coetf. 2 [ TADIES 17 I b
70.0 -Fretrrererreertrrerrer et
* USG Generlc Energy Input Irverter Cost. ©2 [T G506 17 0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

% of Rated Cutput Povwer

PV Watts to be added to SAM @ ﬁgtn_dial
I.ab:?rgftlories
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