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What is SAM? -

SAM 2013.1.15

 The System Advisor Model (SAM) is a free
computer model that calculates a renewable
energy system’s hourly energy output over a
single year, and calculates the cost of energy
for a renewable energy project over many
years of operation.
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System Advisor Model (SAM) -

SAM 2013.1.15

e https://sam.nrel.gov
o Developed by NREL with funding from DOE
o Free
o Windows and OS X

o One new version per year

 Support
o Help system
o Documents on website

o https://sam.nrel.gov/forums/support-forum
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People use SAM for a wide variety of purposesﬁi

SAM 2013.1.15

e Feasibility studies

o Project developers, Federal Energy
Management Program

e Use as benchmark for other models

35,000+ Downloads

: —_— Manufacturers
o System integrators and utilities EnGineening Fims
* Research projects Utilities
o Universities and engineering firms Consultants
. Developers
* Plant acceptance testing for Venture Capitalists

parabolic trough systems Policy Analysts

e Evaluate technology research
opportunities and grant proposals

o Department of Energy
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SAM combines performance and financial models @

SAM 2013.1.15

‘(u\\:\;a;;};ero([;a:/s . Costs (S, S/yr, S/kWh)

Financial Assumptions
(years, inflation,
constraints)

Incentives (S, $/W, $/kWh)

* hour 1
* hour 2

Simulation

Economic Metrics
(S, S/kWh, kWh/W,
)

* LCOE

* IRR

* Payback

System Description
(W.! mzl r]l "')

Performance Model Financial Model
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SAM models many types of projects @

SAM 2013.1.15

e Photovoltaics Residential, commercial,
Concentrating Solar Power and utility-scale projects
Parabolic Troughs Installation and operating
Power Towers costs
Dish-Stirling
Linear Fresnel
Solar Water Heating
Wind turbines and farms
Geothermal power plants
Biomass power

Tax credit and payment
incentives

Complex electricity rates

Performance model key outputs Financial model key outputs
e Levelized Cost of Electricity (LCOE)

* PPA Price and IRR

e Payback

* Net present value

* Multi-year cash flow
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* Hourly energy production (kWh)
* Capacity factor




Photovoltaic performance model is for grid-connected h
systems saw 2013115

* No storage
 No size limit
e Model options

 Simpler PVWatts model represents entire
system using a single derate factor

e More detailed Flat Plate PV model represents
system using separate module and inverter
model with derate factors

 Electric load for residential and commercial
systems with TOU and tiered rates

* Array shading and self shading
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Residential and commercial financing option is for projects &

that buy and sell electricity at retail rates SAM 2013.1.15

e Meets a building load and
sells excess electricity to
the grid

— Grid meets load when PV
output cannot meet load

e |s project economically
feasible given costs and
energy production?

A new PV array system is installed on a home of a city employee
who participated in the group buy pilot in 2010. (NREL PIX 19492)
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PPA models are for power generation projects that sell @
electricity at a negotiated price -

Can the project meet target internal
" rate of return (IRR) requirements
given cost, production, and PPA
price?

1.

Aol

B y : s
Rt b Ry r,;. _'-j;'_- e ..P
Wl e S PR W 'ﬁ.jﬂh?
Aerial view of the 2 MW PV system at U.S. Army Fort Carson

financed through a Power Purchase Agreement (PPA). (NREL PIX
17394)
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SAM has limitations L

SAM 2013.1.15

e SAM is a feasibility screening tool

* |t does not replace “bank quality” analysis
required for actual financing

e Itis limited to annual cash flows

 Designed to model a wide range of projects, so
uses simplified assumptions

* An actual project requires tax and financial
counsel that SAM does not replace

 The actual structure of a project is more about
risk allocation and investor comfort than returns
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Garbage in, garbage out! @

SAM 2013.1.15

e |

‘& Rex Features ——
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Residential rooftop system in Portland, OR w

SAM 2013.1.15

6 kW array
 Two financial options

o TOU rate with no state incentives
o State incentives with no TOU rate

* Does it make economic sense to install the
system?
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Analysis strategy -

SAM 2013.1.15

e Set up comparison with PVWatts
o Simple performance model inputs
o Focus on financial parameters

 Repeat with Flat Plate PV model

o Refine system design to include specific modules
and inverters
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Choose a weather file ®

SAM 2013.1.15

-

® SAM 20131.15: FASAM Webinars\201 Jabinactcecideniis e E=]==]

%1 th 0 1 Click Location and Resource to show

.. the Location and Resource page

Location and Resource

2. Type a few letters
of the location name.

Location: PORTLAND, OR rChoose Weather Data File
Lat: 45.6 Long: -122.6 Elev: 120 m

Filter locations by name:  port

PVWatts Solar Array

SAM/ME Portland. tm2
DC Rating: & kW SAM/OP artland. tm2
AC-DC Derate: 0.86

. Click the file name.

PV System Costs

Totzl: 5 27,000.00
Per Capacity! S 4.50 par Wdc

[ Folder Settings... ]
Financing [ Refresh list ]
Anzhysis: 30 years [ Copy to project ] 3

Dbt Fraction: 80.0% parcent

Remave from project

Incentives
% [ Create TMY3 file ]
Fed, ITC
tion Lookup...
; N
| |
L/

If your location is in the United States but not in the list, you [« ...,
can use Location Lookup to find a file for your location. gude | 126

—_— J
WEStNEr Data INTOr i Con (AN
Annuz] Pazk: 2.45804 bW
- Direct Mormal 1154.7 kWwh,/m2 Dry-bulb Temp 1.7 'C
Exchange Variables ﬁ [ View hourly data...
(For Escel Exchange 2nd custom TRNSYS oy . Global Horizontal 1297.9 kWh/m2 Wind Speed 3.8 mfs L9
~Web Links
Solar Advisor reads weather files in TMY2, TMY3, and EPW format.
The default weather file library incudes a complete set of TMY 2 files for U.S. locations,
- 3 ‘You can use the web links below to find weather data for other locations. After you have downloaded the desired weather files, dick
Q e l] Add/Remove above to help SAM locate the downloaded weather files on your computer.
(vl -4
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Specify system parameters on the PVWatts Solar Array page w

SAM 2013.1.15

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinars\residential photovoltaic examplezsam =n R
File Case Analysis Tools Script Help

TOU | Incentives

4

[ Select Technology and Market. .. ] [ PVWatts, Residential ] 9
Location and Resource 1. Type the system’s DC
56 o226 £ 207 e Syseem | capacity in kilowatts.
Mameplate Capacity
PVWatts Solar Array Mﬁi DC to AC Derate Factor 0.86 J0,. 1)

:—::;::T"uﬁ wﬂ Array Tracking Mode
it %0 deg 2. Use a DC to AC derate factor of

A
Percent of annusl cutput: 100 % Force Tilt = Latitude

oy i 055 e A 30 ieg 0.86 for current system designs.
PV System Costs — Define shadjfg

Totzl: 5 27,000.00
Par Capacity! 5 4,50 par Wit

Performance Adjustment
09

Tilt: horizontal=0, yfffical=20

rrenan 40 for

Anzhysis: 30 years
Dbt Fraction: 80.0% parcent

tilt angle.

od

bout o

B p.

Incentives % PVWatts Parameter Descriptions
Fed, ITC PVWatts Online Derate Calculator

No cash incentives

rAdvanced: POA Irradiance Input

Utility Rate m
Net Metering? No [ Use measured plane-of-array irradiance as model input
Electric Load “:'.:_3. Enter hourly POA irradiance data Edit data... Whymz

Annuz| Enengy: 6054.07 kiwh
Annuzl Pesk: 2,46804 kW

ues assume the measuremen

czl data is taken from the

Exchange Variables ﬁ

{For Excel Exchange and custom TRNSYS onhy.)
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Review the performance adjustment factors w

SAM 2013.1.15

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinars\residential photovoltaic examplezsam =n R
File Case Analysis Tools Script Help

TOU | Incentives

[ Select Technology and Market. .. ] [ PVWatts, Residential ] 9

4

Location and Resource

Location: PORTLAND, OR rSystem Output Adjust t
Lat: 45.6 Long: -122.6 Elev: 120 m
Percent of annual output Uz 100 %
PVWatts Solar Array Mn
g L iz |
DC Rating: & kW Wq] 5 Year-to-year dedine in output 0.5 % (compounded annually)
AC-DC Derate: 0,86
mutliplies the resulting percentage
Performance Adjustment -
Percent of annual cutput: 100 %
Year-to-year decline: 0.5 9% par year
PV System Costs = Hourly Factors {24-hour profile for each month) 0=No Output, 1=Full Cutput
Totzl: © 27,000.00 c@ 1Zam|1am|Zam|3am|4am|5am|6iim|?am|Bam|‘}am|10am|11am|12pm|1pm|2pm|3pm|4pm|5pm|6pm|?pm|8pm|9pm |10|
Par Capacity: S 4,50 per Wit Jan |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Financing Feb |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s Mar |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Anzhysis: 30 years
_ Apr |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dbt Fraction: 80.0% parcent
May |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I ntives
nee ﬁ Jun |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fed. ITC ! Jul |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e czsh incentives Aug |1 F R R N R U R PR PR 't 1 1 S T R T R F R PR Y
Utility Rate m Sep |1 S A N S U E R Y 1 1 101 1 ottt 1l 1
Net Metering? Na oct |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Electric Load h d f I d I . . I f 0 1 1 1 1
o o | The default Year-to-year decline in output value of 0.5% tor )

Annuzl Pesk: 2,46804 kW

e | results in an annual reduction in the system’s electrical
memeemiemnl oUtput from year to year. This might represent the
degradation of PV module performance over time.
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Specify the installation cost

SAM 2013.1.15

Location: PORTLAND, OR
Lat: 45.6 Long: -122.6 Elev: 120 m

PVWatts Solar Array

DC Rating: & kW
AC-DC Derate; 0.86

Performance Adjustment

Percent of annuzl cutput: 100 %
‘Year-to-year decline: 0.5 % par year

PV System Costs

Total: $ 27,000.00

Per Caparity: S 4.50 per Wit
Financing

Anzhysis: 30 years
Dbt Fraction: 80.0% parcent

Incentives

Fed, ITC

No cash incentives
Utility Rate
Met Mataring? Mo
Electric Load

Annuzl Enengyr 054,07 kiWh
Annuzl Pesk: 2,46804 kW

Exchange Variables

- N

{For Excel Exchangs and custom TRNSYS anby.)

i To specify the total installed cost as a $/Wdc value, B
use the Module cost category to represent the -
i system cost, and set all other values to zero. =
-Direct Capital Costs ol
M Module 1 units 6.0 kWdcfunit 6 kwdc £4.5 |§wdc A < 27,000.00
%ﬁi Inverter 1 units 6.0 kWac/unit 6 kWac S0 |gwac A £0.00
Balance of system, equipment 0 s 0 sfwdc 0 gm2 £0.00
(=-h Installation labor 0 s 0 $fwdc 0 §m2 £0.00
Installer margin and overhead 0 s 0 §Wwdc 0 §m2 £0.00
Contingency 0% £0.00
@ Total Direct Cost £ 27,000.00
-Indirect Capital Costs i
- % of Direct Cost Cost §/Wdc Fixed Cost Total 1
Permitting, Environmental Studies 0% 0.00 £0.00 £0.00
ﬁ Engineering 0% 0.00 £0.00 £0.00
L Grid interconnection 0% 0.00 £0.00 £0.00
Land Costs
Total Land Area 0 acres
m Cost §facre % of Direct Cost Cost $/Wdc Fixed Cost Total
= Land 0,00 0% 0.00 $0.00 $0.00
. . 0,00 $0.00 £0.00
SAM’s financial model uses
. 100 % of Direct Cost £0.00 L
the total installed cost. D
Total Installed Costs S
Total Inh £ 27,000.00
Total Installed Cost per Capadity ($/Wdc) £4.50
You can start your analysis with a single S/Wdc cost, and then refine -

the costs using the category detail as you get more information.
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Specify operation and maintenance cost

s &

SAM 2013.1.15

File

Case Analysis Tools  Script

TOU > | Incentives

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinarshresidential photoveltaic example.zsam

Help

E=N OB ==

Al

[ Select Technology and Market. .. ] [ PVWatts, Residential ]

Location: PORTLAND, OR

PVWatts Solar Array

DC Rating: & kW
AC-DC Derate; 0.86

Percent of annual output: 100

PV System Costs

Total: $ 27,000.00

Per Caparity: S 4.50 per Wit
Financing

Anzhysis: 30 years
Dbt Fraction: 80.0% parcent

Incentives

Fed, ITC

No cash incentives
Utility Rate
Met Mataring? Mo
Electric Load

Annuzl Enengyr 054,07 kiWh
Annuzl Pesk: 2,46804 kW

Exchange Variables

Location and Resource

Lat: 45.6 Long: -122.6 Elev: 120 m

Performance Adjustment

k)

‘Year-to-year decline: 0.5 % par year

{For Excel Exchangs and custom TRNSYS anby.)

‘ Total Direct Cost

£ 27,000.00

rIndirect Capital Costs

£

% of Direct Cost Cost §f\Wdc Fixed Cost

Permitting, Environmental Studies 0% 0.00 £0.00

Engineering 0% 0.00 £0.00

=l

Grid interconnection 0% 0.00 £0.00

Total
£0.00
§0.00
$0.00

Land Costs

0 acres

Total Land Area

O&M costs are annual costs that

La

Land preparatid

Total
§0.00
§0.00

you can specify as a fixed cost,
capacity-based cost, or

$0.00

$0.00

production-based cost.

r Total Installed Costs

Total Installed Cost
Total Installed Cost per Capacity {3/ \Wdc)

§27,000.00
$4.50

m

8 N B 6

/

rOperation and Maintenance Costs
First Year Cost J

Escalation Rate (above inflation)

@ Fixed Annual Cost 0.00 sfyr 0%
Fixed Cost by Capadity e 20,00 $hw-yr 0%
Variable Cost by Generation = 0.00 §mwh 0%

You can specify an O&M cost for each year by

clicking one of the blue and grey buttons.
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Financial parameters

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinarshresidential photoveltaic example.zsam

File Case Analysis Tools Script Help

TOU > | Incentives

* 20% down payment for a 15-year,
4.5% interest rate loan with tax-

deductible interest payments

[ Select Technology and Market. .. ] [ PVWatts, Residential ]

Location and Resource

Location: PORTLAND, OR
Lat: 45.6 Long: -122.6 Elev: 120 m

PVWatts Solar Array

DC Rating: & kW
AC-DC Derate; 0.86

Performance Adjustment

Percent of annuzl cutput: 100 %
‘Year-to-year decline: 0.5 % par year

PV System Costs

Totzl: 5 27,000.00
Per Capacity! S 4.50 par Wdc

Financing

Anzhysis: 30 years

Debt Fraction: 80.0% percant
Incentives

Fed, ITC

No cash incentives
Utility Rate
Met Mataring? Mo
Electric Load

Annuzl Enengyr 054,07 kiWh
Annuzl Pesk: 2,46804 kW

Exchange Variables

{For Excel Exchangs and custom TRNSYS anby.)

£

=l

1)

» 8 N B

™

* 30 year project life

* 1.5% inflation rate,

rLoan Type
() Standard Loan
@ Mortgage

rResidential Loan Paramet

* 4% real discount rate represents value
of alternative investment
* No sales tax in Oregon

Debt Fraction 30.00 %
WACC 3.24 %
Loan Term 15 years
Loan Rate 450 Sfyear
ters
Analysis Period 30 years Inflation Rate 1.50 ogfyear
Real Discount Rate 4.00 % year
Mominal Discount Rate 5.56 Sqfyear

rTax and Insurance Rates

Federal Income Tax Rate

State Income Tax Rate

Sales Tax

Insurance Rate (Annual)

35.00 %% year
9.00 %fyear

0.00 3% of installed cost
0.00 2 ofinstalled cost

rProperty Tax
Assessed Percent
Assessed Value

Annual Dedine

Property Tax

100.00 %% of installed cost
§ 27,000.00
0.00 8gfyear
0.00 =%/year

val
ge Value

End of Analysis Period Value

$0.00

Met Salvage Value

0,00 % ofinstalled cost

LN

The weighted average cost of capital (WACC) is the after-tax return
the project must earn to cover financing (debt) costs. SAM shows
the value for reference, but does not use it in calculations.
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Scenario 1: No state incentives available with the TOU rate structure b

SAM 2013.1.15

Totzl: 5 27,000.00
Per Capacity! S 4.50 par Wdc

Financing

Anzhysis: 30 years
Dbt Fraction: 80.0% parcent

Incentives
Fed, ITC

No cash incentives
Utility Rate
Net Metering? No
Electric Load

Annuzl Enengyr 054,07 kiWh
Annuzl Pesk: 2,46804 kW

Exchange Variables

{For Excel Exchangs and custom TRNSYS anby.)

= u

oy

» B N B

™

% SAM 2013.115: FASAM Webinars\2013 Webinars\residential photovoltaic example.zsam [=n ===
File Case Analysis Tools Script Help

TOU | Incentives >
[ Select Technology and Market. .. ] [ PVWatts, Residential ] 9
Location and Resource
Location: PORTLAND, OR | | o
Lat: 45.6 Lang: -122.6 Elev: 12.0 m ~Investment Tax Credit (ITC) Production Tax Credit (PTC)
PVWatts Solar Array P'n v
DC Rating: & kW Walls Amount Escalation
AC-DC Derate; 0.86 Federal g0 2.5%
Performance Adjustment H H .

stete $0 The project does qualify fo 25%
Percent of annuzl cutput: 100 % Percentage 5
Yoty decios 05% pr yox oo oo 30% Federal ITC
PV System Costs ——
State 0%

rInvestment Based Incentive (IBI)

Taxable Incentive

m

Amount Federal State
Federal s0
State 50
Utiity 50
Other g0

Percentage Maximurm
Federal 0% § 1e+099
State 0% § 1e+093
Uity 0% § 1e+093
Other 0% % 1e+099
-Capacity Based Incentive (CBI)

Taxable Incentive

Amount Maximum Federal State
Federal 0§W § 1e+099
State 0 gw § 1e-+099
Utility 0 gw § 12-+099

4|

L}
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Specify the rate schedule

SAM 2013.1.15

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinarshresidential photoveltaic example.zsam

Location and Resource

Location: PORTLAND, OR

2. Type a few characters of

E=N OB ==

File Case Analysis Tools Script Help
ncentives .
J[ e T e ——r 1. Click Search for rates to download rate
elect Technology and Market. .. a es

schedules from the NREL OpenEl online database.

ty romnanies incdided in the O

|

Description

Mame 7-TOU (Residential Time-Of-Use)

Dearrintinn  In &l territory served by the Companv, To Residential Customers,

the utility company’s name.

Available rate schedules

Percant of anmual output: 100 % Residential-32 (Small General Service Three Phasze

R=-dential-7-TOU (Residential Time-Of-Use

m

Portland Ge~ :ral Electric Co

‘Year-to-year decline: 0.5 % par year

Ready.

pEdidential-32-TOU (Small General Service Time-0f-Use Three Phase)
PV System Costs Commercial-83 ("Large™ Nonresidential Standard Service Three Phase) [
i Commerdial-85 ("Large” General Service Secondary Three Phase) =
Total:  27.000.00 Commercial-38 ("Large” General Service Time-Of-Use Three Phase
Commercial-89 (Large General Service Three Phase Secondary) -
Residential-7 (Residential Service) —
Dbt Fraction: 80.0% parcent I
Incentives /ﬁ i Portland General Electric Co: 7-TOU (Residential Time-Of-Use) |
Fed. ITC o ) _ 1 In all territory served by the Company. - ]
e Bl 3. Click the rate schedule. In all territory served I ;
i 1
Utility Rate peri Has Flat Rate? no N
§ Peri Has Time—of-U=ze? no -
B ~ Has Demand Charges? no !
Electric Load = Description Hag Tiered Structures? no |1
‘“ Peri _1
Annul Enesgy: 6054.07 kiwh G I I h I . k h :
R —— Follow the link to see the -
- r
Erchanae ariles ‘| database entry on the ;
i 1
{For Excel Exchangs and custom TRNSYS anby.) Peri Start o y 1 _]
] . - =
. e OpenEl website. B
N 4. Click Download and apply
" . -
= . utility rate. Go to rate page on OpenElorg... 3

Download and apply utility rate

J [

Close

]
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Review and revise the rate schedule =4

SAM 2013.1.15

% SAM 2013.115: F:\SAM Webinars\2013 Webinars\residential photovoltaic examplezsam =nEoh
File Case Analysis Tools Script Help

TOU > | Incentives

[ Select Technology and Market. .. ] [ PVWatts, Residential ] 9

Al

»

In some cases (like this one) the rate

Description =

Mame 7-TOU (Residential Time-Of-Use)

Description  In all territory served by the Company. To Residential Customers,

Schedule  Portland General Electric Co: 7-TOU (Residential Time-Of-Use)

Source  http:ffen.openei.orgfwiki/Data: 18c185d0-ce95-4ad0-b2fE-4c7bfbsdd2ct

Performance Adjustment
09

Net Metering Fixed Monthly Charges Rate Escalation——

Percent of annuzl cutput: 100 %

m

Yaar-to-year decline: 0.5 % par year [T]Enable net metering (buy=sell) Flat Buy Rate Fixed Monthly Charge

PV System Costs Jet metering & b s p o "

In this case, the monthly charge from
the database is correct.

9.85 § Out-years escs

Totzl: 5 27,000.00
Per Capacity! S 4.50 par Wdc

rTime of Use Rate (E

Financing

Anshysis: 30 years Enable TOU Rates Drekend

Dbt Fraction: 80.0% parcent
—— Buy $hith __ sel ik HEEHEEEEEEEE
Period 1 0.0622 0.0442 =|=rlmlF|blelrldlal=o
Fed, ITC ARRRRRRRRRaER
No cash incentives Period 2 0.0323 0.075 1ln|a|aa|afafafafa]a]n
Period 3 0. 1506 0.1327 ARRRRRRRRRaER
Utility Rate _ ARRRRRaRaRRRaER
Net Metering? No Period 4 0.0821 8.0422 1l aafa(alaa]a(a]a
0.0562 0.1326 ARRRRRRRRRaER
ARRRRRRRRRaER
Make sure the Enable 0.053 007 1(a (122222 |afafa]a
0 0 1(afafafaafafa|2]2|2]2
check boxes are correct. 0 0
ARRRRRRRRRaER
0 0 ARRRRRaRaRRRaER

Peak Demand Charg

] Enable Demand Charges Copy the rate schedule from the
Monthly fixed demand charge (%/kW,peak) Open El We bSite
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Specify the electric load &

SAM 2013.1.15

W SAM 20131.15: FA\SAM Webinars\2013 Webinars\residential photoveltaic example.zsam EI@

Al

1. Click Use

7]
Location and Resource
Location: PORTLAND, OR Electric Load Data :
Lat: 45.6 Long: -122.6 Elev: 120 m i
PYWatts Solar Array M O No k::ld d:Bd | -
" WCI 5 S onthly schedule Edit values... . -
DG Rating: 6 k¥ @ User entered hourly data [ Edit data... 2 ° CI IC k Ed It d ata *
AC-DC Derate: 0.86
Performance Al ¢ it Deto [= (=@ |[z= | pmonthly
Percent of annual ou
Vear-to-yesr decline] [ Copy ][ Paste “ Import %—rmage kw
PV System Cos| | Changg
& Select data file to import . |
sl $ 70000 fete mee 3. Navigate to the sample §E
Per Capacin £ 4,50 3 ®'| N v
Fnancng | (& — load data folder.
rganize ¥ Mew folder
nahysis: 30 3 ,
D:; F':-m:n::lsw 4 Mame Date modified Type Size i
— 5 ] Pt Worth bt 10/3/20118:25 AM  TXT File 76 KB
ncentives 6 . ) )
= | Helena.txt 10/3/2011 8:25 AM  TXT File 76 KB
:i‘::_mm_m = 1| Honolulu.txt 10/3/2011 8:25 AM  TXT File 76 KB
< 9 | Houston it 10/3/2011 8:25 AM  TXT File 76 KB
Utiity Rate | 10 £ Lexington bt 10/3/20118:25 AM  TXT File 76 KB L]
et Mesering? Mo :; [ Los Angeles.bt 10/3/2011 8:25 AM___ TXT File
Electric Load Medford bt 10/3/2011 8:25 A
= = /3 . .
v gy 151 13 EX Neaw York Citynt 3. Choose a file. In this case, | assume that the
Annuzl Pezk: 24880 |95 | Phoenix.txt . . . . . .
——— ) Sscvamentosst Seattle residential load profile is similar to Portland.
(For Excel Eschangs brmreomome] | || Seattlebt 10/3/2011 8:25 AM TXT File K
File name: Seattle.tct - [Allfiles () -
i Open |v] I Cancel l
= = W |
" = -
[ty - . .
{ You can also import your own load data if '

you have hourly data over a single year.
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How to use monthly demand data (not used for this example) L~

SAM 2013.1.15

W SAM 20131.15: FA\SAM Webinars\2013 Webinars\residential photoveltaic example.zsam If yo u h ave m O nt h Iy d e m a n d Va I u es

File Case Analysis Tools Script  Help

Trou | incntves | (kWh) from a utility bill, you can scale the
(st Todmdogy it ] [Pyt Restentel hourly data to match the monthly values.

Location and Resource

-

Edit Values

1. Click Normalize supplied load

Enter monthly electric usage (kWh})

o ege . ==
profile to monthly utility bill data. Edit vaes... |
[ Edit data... ] Value | Clipboard
: 3 S
Performance Adjustment 1] Normalize supplied load profile to monthly utility bill data Feb |300
Pecertof sl o 100 % Manthly energy usage (kWh) Edit val ] B 300
Year-to-year dedline: 0.5 % per year ¥ Energy usag it values. .. Apr |30
M. 300
J:: 400 Single Value

m

500
500
400

| 3. Type monthly demand P 2
values in the table.

P System costs 2. Click Edit values.
Tatzl: 5 27,000.00 Scaling factor

Per Capacity! S 4.50 par Wdc

Financing

Anzhysis: 30 years
Dbt Fraction: 80.0% parcent

4. Click OK.

300

Incentives

Energy (kWwh) Peak (kW)

Jan 543.024 1.28905

A
m Feb
.-.-“}._'_-..“-

Fed, ITC

No cash incentives

Utility Rate

479,159 1.28305 | ]

Met Metering? No

Mar 0 Lzeie Annual Total 4200 K

Apr 484.954 1.21405 h I d I

Al Peck 204wt ] ThESe are normalized values.

Annuzl Energyt 4200 kivh May 456.781 1.10505
Annuzl Pesk: 2 46804 KW

Jun 511,349 2.45804 Visuglize load data
Exchange Variables Siale oA ca ]

i ul 592,666 2.46804

{For Excel Exchangs and custom TRNSYS anby.)

Aug 498,973 2.11262

Sep 427,619 1,105

ot dmes it These values reflect the original hourly

e w me 1ms | data, not the normalized values.

4
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Run a simulation and review cash flow #

SAM 2013.1.15

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinarshresidential photoveltaic example.zsam
File Case Analysis Tools

TOU > | Incentives

Script Help

E=N OB ==

Al

[ Select Technology and Market. .. ] [ PVWatts, Residential ]

-~

Location and Resource ~ View and export data

Loss Diagram

w Time Series

_—

Graphs . Tables 6 Cash Flows
L

Location: PORTLAND, OR

Lat: 45.6 Long: -122.6 Elev: 120 m [ Add a new graph... ] [ Edit... ] [ Remaove ] [ Remave All ] [ Copy Graph Data ] [ Show Graph Data ]

PVWatts Solar Array

After Tax Cashflow (Base Case)
DC Rating: & kW T T T T

AC-DC Derate; 086

Performance Adjustment

Positive cash flow

PV System

Totzl: 5 27,000.00
Per Capacity! S 4.50 par Wdc

after debt is paid off

Financing

Anzhysis: 30 years
Dbt Fraction: 80.0% parcent

Debt payments

Metric

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

26 27 28 29 30

Annual Energy 6,947 kWwh o1

LCOE Mominal 18.17 ¢kWh

#’Egllsrﬂe.izlnue without system (%) ;12;$Wh Monthly Output (Base Case After Tax Cashflow (Base  Annual Output (Base Case, Cost per Watt (Base Case) Stacked Real LCOE (Base ( Stacked Nominal LCOE (Ba *
rotal revenue with system (2) $02.41 e [TTTTTETTTTT JUN i aARRARERRARS a“_..... T i;s_..... T i“-ll”l T )
First Year Met Revenue £523.61 g - = :!‘f“ :!‘f“ 5
Met present value (5) £-3,813.87 I I I I . Ei g g

Payback (years) 1 #INF s 55 o o o

Capadty Factor 13.2 % -
First year kWhac/kWdc 1,158 < 1 2
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Review metrics table ®

SAM 2013.1.15

* You can compare the real LCOE to
the retail electricity price.
The positive first year net revenue
value represents net savings.

Metric

Annual Energy 6,947 kWwh .

LCOE Nomind 18,17 ehin The negative net present value

otal revenue without system -616.02 . .
Fpﬁlgevegui:{vimsyst:m{ﬂm Ef;a‘;ll ShOWS that the prOJeCt IS Worth |eSS
oo e et over its life than an investment

et ye achiie pise. with a 4% return.

The “1.#INF” payback period
indicates a payback period greater
than the 30-year project life.

The 4% real discount rate and 25 year analysis
period are inputs on the Financing page.
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Summary of first scenario results W

SAM 2013.1.15

* If the project uses TOU rates, it saves the
owner money by lowering the annual electric
bill, but it has a negative NPV, and too long of
a payback period

e Now, let’s see if we can do better with the
state incentives option instead of the TOU
rate option
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Create a duplicate case &

SAM 2013.1.15

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinars\residential photc By duplicating the case, you create a

File [Case] Analysic Tools Scripg b copy of the first scenario. We will

SEEE 1. Click Case, Duplicate. h v the utility rat d

Import case.. change only the utility rate an
incentives for the second case, and

then compare results for the two cases.

A

Sel

(1]

Rename case...

[

Duplicate case

Lat: 3 Delete caze

:

Run all simulations

CC Rs| Run base case only F6 AL Birn
AC-D( AL Hur
Reset all inputs with default values i i i i i
Perfc & SAM 2013115 FASAM Webinarsh 2013 Webinarsiresidential photovoltaic example.zsam

Clear results F? lar| File Case Analysis Tools Script  Hel

|

Year-to-year decine: 0.5 % per year samjaz| | TOU | TOU(1) X 2. Click Case, Rename, and type
PV System Costs B | [camimz [ Select Technology and Market. .. ] ! 3 new name for the case.

Location and Resource| Rename Case

Location: PORTLAND, OR Enter new name for case:

Lat: 45.6 Long: -122.6 Elev: 12

{Only alphanumerics, sgafes, -, '(, ', "', and ', allowed.)

PVWatts Solar Array -
In::enﬁ'ues|
DC Rating: & kW
AC-DC Derate: 0.86
814 iC I
Performance Adjustme [ [ _ ]
Percent of anmual output: 100 % == | |5AM/OR Medford.tm2
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Replace the TOU rate with a flat 6 cents/kWh rate 1~

SAM 2013.1.15

% SAM 2013.115: F:\SAM Webinars\2013 Webinars\residential photovoltaic examplezsam =nEoh
File Case Analysis Tools Script Help

Al

TOU | Imcentives >

[ Select Technology and Market. .. ] [ PVWatts, Residential ] 9

Location and Resource

»

Location: PORTLAND, OR rOpenElI Online Utility Rate Datab
Lat: 45.6 Long: -122.6 Biev: 120 m Search for rates... ] Go to website... 3 . Type th e fl at rate Bl Time-Ofse)

ed by the Company. To Residential Custc

2. ChECk Enable net . for Flat Buy Rate. Electric Co: 7-TOU (Residential Time-Of-Js
metering (buv:se") r Source  hitp:ffen.openei.orgfwiki/Data: 18c185d0-ce95-4ad0-b2f5—

Net ring Flat Rate -Fixed Monthly Charges Rate Esci

m

‘Year-to-year decline: 0.5 % par year

Enable net metering (buy=sell) Flat Buy Rate 0.06 sfkwh Fixed Monthly Charge 2.85 § O

PV System Costs Flat Sell Rate 0 /&fwh

Totzl: 5 27,000.00
Per Capacity! S 4.50 par Wdc

Financing

Anzhysis: 30 years

Weekend

Dbt Fraction: 80.0% parcent g
Sell gfkwh
Incentives Nﬁﬁﬁﬁﬁﬁﬁﬁ
0.0442 || O 0| | M D P[0
Fed, ITC Rate 1(1/1/1 /1|11 1|1
No cash incenti LITE 111111111
Utility Rat o 0.1327 1i(1/1/1|1/1 /1|11
iod 1/1/1(1/1/1 /1|1 |1
Net Metesing? Ves Period 4 0.0621 0.0422 111111111
Electric Load Q‘ 0.0562 0.1326 1i(1/1/1|1/1 /1|11
Anme] Eneve 6054.07 ki ‘} Period 6 0.093 0.075 : : : : : i : : :
Annuzl Pazk: 246804 kW Period 7 0 0 101101111111
Exchange Variables ﬁ 1] i} 111|111 /1|1|1
i 1i(1/1/1|1/1 /1|11
(For Excel Exchangs and custom TRNSYS onhy.) Period 9 0 0 Onnnannn
rPeak Demand Charg
[ Enable Demand Charges
= Manthhofcaddamand chacaalillol oozl

SAM 2013.1.15 does net metering accounting on an hour-by-hour basis. |
The next version will do accounting on a more realistic monthly basis.
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Download incentives from DSIRE @

SAM 2013.1.15

W SAM 20131.15: FA\SAM Webinars\2013 Webinars\residential photoveltaic example.zsam EI@
File Case Analysis Tools Script  Help
TOU | Incentives >

Al

1. Click Download incentives.

»

h Dnline Incentives Database

Lst: 45.6 Long: -122.6 Elev: 120 m n ves for Renewables and Effidency (DSIRE) for the
Download incentives... Go to website. .. 0!

PVWatts Solar Array Mn
DC Rating: & kW wﬂ 5 1
AC-DC Derste; 0,86 Query
Performance Adjustment The incentives below are available for your query. Check the incentives that apply to your case. rmm Escalation
Parcent of | cutput: 100 %

snnusleutps Query Parameters: Latitude: 45.6, Longitude: -122.6, Technology: PYWatts, Financing: Residential rs 25%
‘Year-to-year decline: 0.5 % par year

Portland, OR, USA rs 25%

¥ CBI (state) - Energy Trust - Solar Electric Buy-Down Program. Rate: $1.75/\W. Maximum amount: $20000
CBI (state) - Energy Trust - Solar Electric Buy-Down Program. Rate: $1.75/W. Maximum amount: $20000

v ITC (federal) - Residential Renewable Energy Tax Credit. Percent of cost: 30%

v | ITC (other) - Residential Energy Tax Credit. Percent of cost: 50%

2. Check each incentive

m

that applies.

= 30 years
Dbt Fraction: 80.0% parcent

No cash incentives

Utility Rate

Incentives g Click on an incentive for more info... ks
Fed, ITC

Met Metering? Yes

i —
FlectricLoad .% Clear all incentives before applying [ QK Cancel
Annuzl Enengyr 054,07 kiWh
Annuzl Pezk: 2.45804 kW
Exchange Variables State 0% $ 124099
(For Escel Exchangs and custom TRNSYS only.) ﬁ Utility 0% § 1e+099
Other 0% § 1e+099

Capacity Based Incentive (CBI)
The Query window displays incentives available for the
location on the Location and Resource page, and for the '
financial model (in this case, it is residential).

{
l’.ﬂ'
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Verify that the incentives are correct

SAM 2013.1.15

% SAM 2013.115: F:\SAM Webinars\2013 Webinars\residential photovoltaic examplezsam =nEoh

File Case Analysis Tools Script Help

TOU | Incentives X -
[ Select Technology and Market. .. ] [ PVWatts, Residential ] 9
Location and Resource
Location: PORTLAND, OR | -
Lat: 45.6 Long: -122.6 Elev: 120 m ~Investment Tax Credit (ITC)
Pttt sl ey | - Federal and Oregon Energy Trust
GG Dee 036 Federl 0 investment tax credits
Performance Adjustment State £0
Percent of annuzl output: 100 % Percentage Maximum
Fesroyssr dina: 05 %% per e Federal 30 - § 12-+099
::;v:::;cf‘s é@ State 50 % $6000
Per Capacity: S 4.50 per Wi -Investment Based Incentive (IBI) =
Financing Taxable Incentive
Anzhysis: 30 years - Amount Federal State
Debt Fraction: 80.0% percent Federal 50
Incentives State 50
CF: ITC, State ITC. # Utiity 50

- Other £0 . .
— Gl pecsge o The incentives database may
} - Federal 0% £ 124099 .
it S| o T not be current. If your project
s o . qualifies for incentives that
Oregwon P Ry —— Bncentive (can ————] are not in the database, or
smount e sa | the incentives in the database
Federal 05w $ 1e+093
l \'N 175 8 $ 20000 are out of date, you can
=) :‘E" l]/ Utiity o 05w S 124099 . . 2
2 < change the incentives inputs
accordingly.
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Run simulation and review results

SAM 2013.1.15

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinarshresidential photoveltaic example.zsam
File Case Analysis Tools Script Help
TOU | Imcentives > i
[ Select Technology and Market. .. ] [ PVWatts, Residential ] 9
Location and Resource ™ ) )
| View and export data: h Graphs @ Tables Cash Flows w Time Series Loss Diagram
Locztion: PORTLAND, OR = - e —
Lat: 45.6 Long: -122.6 Elev: 120 m [ Add a new graph... ] [ Edit... ] [ Remave ] [ Remave All ] [ Copy Graph Data ] Show Graph Data
PVWatts Solar Array F"n . .
S Yol s ibalG Right-click graphs and choose an
AC-DC Derate: D.86 7,000 Q
: option to export data and graph
Performance Adjustment
6,000 H e
Pecert f sl s 1005 _ images or use them in other
‘Year-to-year decline: 0.5 % par year 1 s ook
b System Costs — programs.
Totzl: § 27,000.00 4,000 Edit...
Per Capacity! S 4.50 par Wdc
- 3,000 Copy data te clipboard b
Financing
- Save data to CSV
Anzhysis: 30 years - 2,000F 4
Debt Fraction: 80.0% parcent To clipboard (as shown)
Incentives % T 1,000 Te clipboard (400:300) B
Fed, ITC, State ITC L ol Jliaictphoa (EUT:?UUJ E E E FE E E E B F B B B
CEBI . . . . . l l l I Export (as shown)...
Utility Rate m 000k Export (400:300)... 7
Met Metering? Yes i Export (B00:500)..
-2,000 B
[ lj Export as PDF document...
» = W 3,000 1
Metric Base L 1 L 1 L 1 L 1 L 1 L 1 L 1 L L L L L L L L L L L L L L L L L
[Annual Energy &,347 kiWh o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
LCOE Mominal 9.19 ¢/kwh
'l}gglzrﬂe.:':lnue without system (£) ;:]éiﬂ;?h Monthly Output (Base Cas¢ After Tax Cashflow (Base  Annual Qutput (Base Case. Cost per Watt [ Base Case) Sta:hed Real LCOE (Base { Stacked Nominal LCOE (Ba
rotal revenue with system (S) s64.63 s TR [T §4_..... T s TR ig_lllll T
First Year Met Revenue $416.82 z - Z "_!‘fh "_!‘fh
Met present value () §-2,041.72 " Ill o £ g g
Payback (years) 26,7623 oL i s - -
Capadty Factor 13.2 %
First year kWhac/kWdc 1,158
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Results with incentives but no TOU ®

SAM 2013.1.15

Annual Energy 6,947 kWh

LCOE Mominal 2,19 ¢kWh

LCOE Real 7.71 ¢k 1 1
NN 7Y Real LCOE is close to the retail
otal revenue with system (%) 264,63 5 o .

First Year Net Revenue §416.82 electr|C|ty prlce_

Met present value (5) £-2,041,72

P ck 26,7023 A A A

e ) e First year net revenue is higher

First year kWhac/kWdc 1,158

than for TOU option.
NPV is still negative.
Payback period is less than the 30
year analysis period.

4,000

After Tax Cashflow (Base Case)

3,000
2,000

1,000F

=]
T

-1,0001

-2,000

3,000}

R T T S T S T S TS T Y S S T T T Y S S T T S NS SN S S S
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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Use cases for side-

by-side comparisons

SAM 2013.1.15

% SAM 2013.1.15: F:\SAM Webinars\2013 Webinarshresidential photoveltaic example.zsam

E=N OB ==

File Case Analysis Tools Script Help
TOU - Incentives x i
[ select Technology and Market... | [ PVWatts, Residential | @ | select Technology and Market... | [ PVWatts, Residential ] (7]
. - - -
Location and Resource ~ View and export data: l] Graphs Tables Location and Resource ~ View and export data: l] Graphs Tables
Location: PORTLAND, OR = Locstion: PORTLAND, OR =
Lat: 45.6 Long: -122.6 Elev: 120 m [ Add a new graph... ] [ Edit... ] [ Remaove ] [ Remo Lat: 45.6 long: -122.6 Elev: 12.0m [ Add a new graph... ] [ Edit... ] [ Remave ] [ Remao
PVWatts Solar Array PVWatts Solar Array
Pfhn After Tax Cashflow (Base Case) Pfh After Tax Cashflow (Base Case)
DC Rating: & kW § T T T T T T T T T T DC Rating: & kW § e e e e
AG-DG Derate: 0.86 7,000F 7 AGDC Derate: 0.86 7,000 b
Performance Adjustment 6,000 F ] Performance Adjustment
6,000 B
Percent of annuzl cutput: 100 % L 5 000 Percent of annual cutput: 100 % L
‘Year-to-year decline: 0.5 % par year 3 ! Year-to-year decline: 0.5 9% per year 3 s goo k- .
i
PV System Costs — 4,000 b PV System Costs —
Torsl: 5 27,000.00 = 3000k 1 Towk = 2700000 = 4,000 b
i
Per Capacity! S 4.50 par Wdc Per Capacity: § 4.50 par Wdc
F e 3,000F e
Financing i 2,000 Financing i !
Anzhysis: 30 years - 1,000F — Anzhysis: 30 years = 2,000F i
Dbt Fraction: 80.0% parcent II Dbt Fraction: 50.0% parcent
0 -
Incentives i Incentives ? m 1,000 7
% 1,000 IIIIlIIIII"ll 4 r
Fed 1TC ' o Fed. ITC, Stzte ITC ' oL [LTOITETTITLTT TR
Na cash incentives 2,000 1 ca I“""“"III
Utility Rate Utility Rate 1000 i
. -3,000 H . ) "
Met Metering? No Mt Metering? Yes
4,000 H ;. -2,000 K .
- -5,000} 1 = 3,000} ]
Metric Base 6,000 b Metric Base Ll e
Annual Eneray 5,347 kih 0123456789101234 5618202 232387850 Annual Eneray 5,347 kWh 012345678010123456T3202 233382830
LCOE Mominal 18.17 ¢kWh LCOE Mominal 9.19 ¢kWwh
LCOE Real 15.24 ¢fkWh » |LCOEReal 7.71 ¢fkWh I
[Total revenue without system (S) £-616.02 Monthly Outpurt ( Case  After Tax Cashflow ( 11= [Total revenue without system (S) £-431.45 Monchly Qutput Cast | After Tax Cashflow ( 1=
[Total revenue with system (8) £-92.41 L e M TS sone IO _ | [Total revenue with system (S) §-64.63 R T I RS sl T |
First Year Met Revenue $523.61 z - = | [First Year Net Revenue %416.82 z - 15
Met present value (5) £-3,813.87 I I I I Met present value (8) §-2,041.72 " I I °
Payback (years) 1 2INF ol L ~£200 I ] Payback {years) 26,7623 sL L W
Capadty Factor 13.2 % - [Capadty Factor 13.2 % -
First year kWhac/kWdc 1,158 ‘ M » First year kWwhac/kWdc 1,158 4 I »
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PVWatts analysis results w

SAM 2013.1.15

e Our initial analysis shows that the incentives
option is more economically viable than the
TOU option.

* This is based on the PVWatts performance
model. What if we use the Flat Plate model
to model the system’s performance in better
detail?
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Duplicate the Incentives case and rename it “Flat Plate

pvy

SAM 2013.1.15

& 5AM 2013.1.15: FASAM Webinars\ 201

File Case Analysis Tools

| Flat Plate Jf

[TOU l Incentives

1. Click Technology and Market .

Scripyf*H

(== ]E=]

Al

[ Select Technology and Market..* [ PVWatts, Residential ]

Location and Resource
Location: PORTLAND, OR

Lat: 45.6 Long: -122.6 Elev: 120 m
PVWatts Solar Array

DC Rating: & kW
AC-DC Derate; 0.86

Performance Adjustment

Percent of annuzl cutput: 100 %
‘Year-to-year decline: 0.5 % par year

PV System Costs

Totzl: 5 27,000.00
Per Capacity! S 4.50 par Wdc

Financing

2. Click Flate Plate PV to change the
performance model from PVWatts

to Flat Plate PV.

Met Metening? Yes
Electric Load

Annuzl Enengyr 054,07 kiWh
Annuzl Pesk: 2,46804 kW

Exchange Variables

{For Excel Exchangs and custom TRNSYS anby.)

b

oy

1. Select a technology:

~
i

Wans

Concentrating Solar Power
CSP sh,fsher"s Use miTors o IansE o foous sunlfight to
g D= powier plant

Photovoltaics

Direct conversion of sunlight to elecricity using solar cells,

Flat Plate PV

A detziled PV performance simulstor that uses
component-based CEC and Sandiz models for modules
and inverters, This model can zlso be used for some
low-X CPV systems.

High-X Concentrating PV
A system model spacific for high concentration (HCPY)
photovolisic system modeling,

PVWatts System Model
A simplified system model that assumes typical module
and inverter characteristics,

zplate size and
profile.

ghycol water heating

‘Wind Power
An hourhy model meant to simulate wind power production
from single turbine installations to a2 full scale wind farm
providing power to the alectricity grid.

Geothermal
Geothermal systems extract heat energy from the relatively
large heat content of the earth for conventional power cydes,

0

2. Select a financing option:

-

iject cash flow is based on vake of avoided retail electricity
M caloulztes project LOOE, NPV, and payback

/};

purchasas offset by the renewable anargy 5y
depraciation tx banefit. SAM caloulates project LCOE,
payhack pericd.
Commercial PPA

Proj eclcexebpec and on
3t price negotisted throug
SAM cakulstes project L
project PPA price basad
or caboulzte project IRR H

utility Independent
Proj eclcexebpec and on
3t price negotisted throug
SAM cakulstes project L
project PPA price based

m

Single Crwner option,
Advanced Utility IPP Options
Adwanced finandizl models approprizte for tility scale power
gEnSTation projects,

Reset new inputs to Tech/Market-spedific default values I

ok |[ Cancel ]

from project
TMY3 file
Lookup...

B5.6 deg
B2.6 deg

ly data...

Solar Advisor reads weather files in TMY2, TMY3, and EPW format.
The default weather file library incudes a complete set of TMY 2 files for U.S. locations,

‘You can use the web links below to find weather data for other locations. After you have downloaded the desired weather files, dick
Add/Remove above to help SAM locate the downloaded weather files on your computer.

3. Click Residential — SAM should
keep the financial model
assumptions from the original case.
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Choose a module

& 5AM 2013.1.15: untitledl

File Case Analysis Tools Script Help

TOU | Incentives

| Incentives with Flat Plate < |

[ Select Technology and Market. ..

| [Fiat Plate PV, Residential ]

Location: PORTLAND, CR
Lat: 45,5 Long: -122.6 Elev: 12.0m

Module

SunPower PL-SUNP-SPR-215
Crutput: 214.9 Wdc

Inverter

SMA Amenica: SESDDOUS 208V
‘Capacity: 5000 Wac

Array

Power: 6.01776 kWdc
Ares: 34.Eml

PV Subarrays
Number of subamays: 1
Performance Adjustment

Percent of annusl cutput: 100 %
Year-to-yesr dedine: 0.5 % per year

PV System Costs

Totzl 5 37,075.92

Par Capacity: 5 4,50 per Wdc
Financing

Anzhysis: 30 years
Dbt Fraction: £0,0% percant

Incentives

Fed, ITC, State ITC
CBI

Utility Rate
Met Metering? Yes
Electric Load

Anmuzl Energy: 8054.07 kWh
Anrwzl Peak: 2.46804 kW

Exchange Variables

{For Excel Exchange and custom TRNSYS anhy.)

-

[CEC Performance Model with Module Datat -

Search for modules by manufacturer or model name:  sunpo

‘ SAM/CEC Modules Cuantum Solar SUNPORT 275P
SAM/CEC Modules/SunPower PL-PLT-63L-BLK-U
SAM/CEC Modules/SunPower SPR-76R-BLK-U
SAM/CEC Modules/SunPower SPR-75RE-BLK-U
SAMJCEC Modules/SunPower SPR-200-BLK-U
SAM/CEC Modules/SunPower SPR-200-WHT-U
SAMJCEC Modules/SunPower SPR-205-BLK-U
SAM/CEC Modules/SunPower SPR-208-WHT-U
SAM/CEC Modules/SunPower SPR-210-BLK-U
‘- SAM/CEC Modules/SunPower SPR-210-WHT-U
C Modules/SunPower PL-SUNP-SPR-215
SAM/CEC ModulesSunPower SPR-215-WHT-U
SAM/CEC Modules/SunPower SPR-217-WHT-U
4

2. Type a few characters of the
module manufacturer or make.

12 edean

Reference conditions: Total Irradiance = 1000 W/m2, Cell temp = 25C

Conditions

istics at Refi

SAM/CEC Modules/SunPower PL-SUNP-SPR-215
&

m

m

Module Width 1m

T T I T T T T T T Efficiency 17.28 % Temperature Coefficents
—_ Maximum Power (Pmp) 214,92 Wdc -3.900e-001 %/C -8.382e-001 wjC
a
3 4 Max Power Voltage (Vmp) 39.8 vdc
E Max Power Current {Imp) 5.4 Adc
- 3 Open Circuit Voltage (Voc) 43.3 Vdc -2,792e-001 %/C  -1.34%e-001 vjC
o
o Sl i
-§ Short Circuit Current (Isc) 5.8 Adc 3.590e-002 %jC 2.082e-003 AfC
=
0 1 1 1 1 Il 1 1 1 1
’ 0 5 10 15 20 2% 30 35 40 45
Module Voltage (volts)
rTemp ure Correction
m NOCT cell temp model rMominal operating cell temperature (NOCT) parameters
Mounting standoff [Gmund or rack mounted V]
=
’:}-‘ Array height [One story building height or lower V]
Mounting configuration heat transfer cell temperature model
Mounting Configuration | Rack Rows of modules in array 1
Heat Transfer Dimensions | Module Dimensions Columns of modules in array 10
Mounting Structure Orientation | Structures do not impede flow underneath module Temperature behind the module 20 |c

4

m ]




Choose an inverter

SAM 2013.1.15

& 5AM 2013.1.15: untitledl

————— 1. Choose Sandia Performance Model
[0 Tincenhen | Sncentves wih P e | for Grid Connected Inverters.

I Select Technology and Market. .. I [ Flat Plate PV, Residential ]

= Ecx

¥

Location: PORTLAND, OR 0 [Sand\a Performance Model for Grid Connected PV Inverte v]

L:;:i::ong: mesan a F Search for inverters by manufacturer or model name:  sma 2 . Ty p e a feW C h a ra Cte rs Of th e £
S PLSUNp 30825 SAVSand Invr /A Anera: 93000US 280 CEC 2007 inverter manufacturer or make.

Crutput: 214.9 Wdc SAM/Sandia Inverters/SMA America: SB3000US 240V [CEC 2007]
SAM/Sandia Inverters/SMA America: SB3300U 240V [CEC 2008]

Inverter . SAM/Sandia Inverters/SMA America: SB3800U 208V [CEC 2005)
. SAM/Sandia Inverters/SMA America: SB3800U 240V [CEC 20085]
S IR SIS SAM/Sandia Inverters/SMA America: SB4000US 208V [CEC 2007]
‘Capacity: 5000 Wac SAM/Sandia Inverters/SMA America:
Array ‘ CAMSandia Truverters ISMA Amarica
i ]

Power: 6,01776 kWdc
Arest 348 m2 rEfficiency Curve

%‘mndi&l Inverters/SMA America: SB5000US 208V [CEC 2007]
T T T T T

PV Subarrays

Year-to-year cedline! 0.5 9% per year

m

PV System Costs

m

Total 5 37,079.52
Par Capacity: 5 4,50 per Wdc

Financing L L L L L L L 1 L
- 0 10 20 E] 40 =0 &0 70 &0 S0 100
Anahysis: 30 years % of Rated Output Power
Dbt Fraction: £0,0% percant
- rInverter Ch istics

Incentives

AC Voltage 208 v co -5.10221e-006 1w
Fed, ITC, Stzt= ITC :
cBl Power ACo 5000 Wac c1 6.55495-005 1V
Utility Rate m Power DCo 5212.894 Wdc c2 0.00265844 1V
Nt Metering? Yes Power5o 49.1571 W C3 0.000854498 1V
Electric Load :-""':"l_ PowerNTare 0.46 w MPPT _lowe 250 v

-~

Annusl Energy: 6054.07 kiWh » Videmax gy vdeo ZEEE L
Anmual Peak: 2,46804 kW Idcmax 0 A MPPT_hi 480 v

E SAM can model systems with this inverter, However, because the parameter database for this inverter does not incude its rated
{For Excel Exchange and custom TRMSYS onhy.) voltage limits, S&M will not be able to perform the pre-simulation chedk to verify that the array voltage falls within the inverter's
minimum and maximum voltage ratings. If you use this inverter in SAM, please check with the inverter manufacturer specifications to
verify that the array open circuit voltage value displayed on the Array page is not above or below the inverter's minimum and
maximum voltage ratings. Please see the Inverter page's help topic for details.

Exchange Variables @

! i:" .J/

NATIONAL RENEWABLE ENERGY LABORAT



Specify the number of modules and inverters in the array

SAM 2013.1.15

Array DC capacity is 115% of igge®er DC capacity, Check for more sizing messages -
Ares: 348 m2 after running simulations, Elp for details. Voc (String) 338.1 v

PV Subarrays I
A4

Numbar of subamays: 1

Vmp (String) 2786 v

& SAM 2013.1.15: untitledl El

File Case Analysis Tools Script Help

10 [inceives | tncentives with Flat Plate (| 1. Click Specify numbers of modules *

L]
I Select Technology and Market. .. I [ Flat Plate PV, Residential ] . e
Location: PORTLAND, OR - / and Inverters-
Lat: 45,6 Long: -122.6 Elev: 12.0m _ rlayout o
Module u -Specify Syftem Size -Actual Layout link
SunPower PL-SUNP-SPR-215 s desired array size Modules Inverters
Outpt: 214.3 Weke (@) Spedfy numbers of modules and inverters Nameplate Capacity 6.01776 kiwdc Total Capacity 5 kv
Inverter
MA Amerce: SESOD0LS 206V ” Desired Array Size & |kwde Modules per String 7 Number of Modules 28 Number of Inverters 1
menca:
Capaciny: 5000 Was Strings in Parallel 4 Modules per String 7 Vdcmax (dec-inverter) oy
Array N Number of Inverters 1 Strings in Parallel 4 MPPT _low 250 v
ges: Total Module Area 34.832 m2 PT_hi 480 V

Power: 6.01776 kWdc

Performance Adjust Mn flect "
o 2 Type values for the number  ZX3® N

Year-to-yesr dedine: 0.5 94 . .
ey Of Modules per string, Strings

Totzl 5 37,075.92

3. Check the nominal
i y 00000 ]
NSNS N parallel, and Number of = voltages and message box
I, (nverters. to verify that the system is

Dbt Fraction: 80,0% percel

Incentives ~Self Shading Calculator for Fixed Tilt Arrays Vi a b | e.
Fed, ITC, State ITC % [C]Enable Self-shading Calculator

CEI Module

Utility Rate m Crientation | Landscape

Met Metaring? Yes Length 1.848 |m

Electric Load ...:,_-1:... Width 0.673 m

Annuzl Energy: 8054.07 kWh ’ Mumber of Cells along Length 12

Annusl Pezk: 248504 kY Number of Cells along Width 6

Exchange Variables

{For Excel Exchange and custom TRNSYS o

Sizing the array is usually an iterative process — try

= = | different sizes of module and inverter, and different

string sizes as you find the optimal array layout.

NATIONAL RENEWABLE ENERGY LABORATORY




Specify the array tilt angle

SAM 2013.1.15

% SAM2013.1.15: untitledl =n N
File Case Analysis Tools Script Help
TOU | Incentives [ Incentives with Flat Plate < ] ¥
I Select Technology and Market. .. ] [ Flat Plate PV, Residential ] e
Locston: PORTLAND, OR o
Lat: 45,6 Long: -122.6 Elev: 12.0m . . "
= subarrays i
Module u
SunPower PL-SUNP-SPR-215 -
Output: 214.9 Wdc o
Inverter ”
SMA Amenica: SESDDOUS 208V
‘Capacity: 5000 Wac
Subarray 1 Subarray 2 Subarray 3 Subarray 4
Array . . N R
‘\_ —~String G ion
Powen 8.01778 Strings in array 4 (always enabled) [T Enable [T Enable [C1Enable
Arest 348 m2
Strings allocated to subarray 4 1] 1] 1]
PV Subarrays
I’ ~Tracking & Orientation
| —
Number of subamays: 1 Azimuth Tilt 3 Fixed @ Fixed @ Fixed @) Fixed
Performance Adjustment MNz0 Vert = 90 1 Axis
Percent of annusl cutput: 100 % W E Hariz 2 Axis 1
Year-to-year dedling: 0.5 %% per year 270 940 0 Azimuth Axis
PV System Costs = |= a0 [F] it=latpyfle Tit=latitude Tit=latitude Tilt=atitude
Totzl 5 37,075.92 Tilt (deg) 0 20 20 20
Par Capacity: 5 4,50 per Wdc
Azimuth {deg) 180 180 180 180
Financing
Tracker rotation limit (deg) 45 45 45 45
Anzhysis: 30 years
Dbt Fracsion: 50.0% " Backtracking Backtracking Backtracking Backtracking
Incenti % Row width {m) 2 2 2 2
Fed ITC, Stzte ITC ( Space between edges of adjacent rows (m) 1 1 1 1
CEI -Shading & Soiling
utility Rate m Configure shading scene |  Edit shading... Edit shading... Edit shading. . Edit shading. .
Met Metering? Yes Monthly soiling factors Edit soiling... Edit sailing... Edit soiing... Edit sailing.. W
Electric Load ,"E Annual average soiling (0..1) 0.95 0.95 0.93 0.85
-~
Anrwzl Energy 8054.07 kWh ’ ~Pre-inverter
Anrwzl Peak: 2.46804 kW Mismatch (0.. 1) 0.98 0.98 0.98 0.98
Exchange Variables @ Diodes and connections (0..1) 0,995 0.995 Lt LT
{For Excel Exchange and custom TRMSYS onby.) L DC wiring loss (0. 1) 0.98 0.98 0.98 0.98
Tracking error (0..1) 1 1 . .
! {': 3 .l Mameplate (0..1) 1 1 1 1
L -
Fatimated NC nower derate (0. 11 0.955598 iR LT LETEE 2

NATIONAL RENEWABLE ENERGY LABORAT



Run simulations and review results L~

SAM 2013.1.15

5: untitledl

alysis_Tools Script _Help Click The Warning icon to display any messages.
=5 | Incentives with Flat Plate ¢ | =
y and Market... [ Flat Plate PV, Residential ] & 9
i View and exnort data: l'l Graphs |F-'EEII Tables Cash Flows Time Series - Loss Diagram
T e Es
ust bvsamvl: Inverter undersized: The array output exceeded the inverter rating 5.21 kWdc for 30 hours. -
me| —
put: 100 9
0.5 % pail -
] 3
s
Close
per Widc

=1 ™7 ImlE T 1

The Warning icon spins when there is a simulation message.
These messages provide information about simulation
results. In this case, the array’s DC output exceeds the
inverter’s rated input power for 8 of the 8,760 hours of the
year. We can ignore this message if we assume the system
is designed to handle this situation.

NATIONAL RENEWABLE ENERGY LABORATORY




Run simulations and review results

SAM 2013.1.15

otal revenue without system (5)
otal revenue with system (%)

First Year Met Revenue
Met present value (5)

System performance factor (%)

otal Land Area

7,175 kWh
2.94 ¢kWh
7.50 ¢fkwh
£-653.07
£-17.35
£645.70
£1,603.20
15,7462 years
13.6 %
1,192

0.86

0.02 acres

NATIONAL RENEWABLE ENERGY LABORATO
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Flat Plate PV analysis results w

SAM 2013.1.15

* Flat Plate PV model confirm PVWatts results: So
far, this project appears to be economically
feasible with the state incentives option

 Next step could be to refine costs. Because the
Flat Plate PV model allows you to use different
inverter and array capacities, by specifying their
costs separately, you can investigate the cost
benefit of “oversizing” the array compared to
the inverter

 Another next step would be to refine the
financial and incentives assumptions after doing
further research

NATIONAL RENEWABLE ENERGY LABORATORY
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