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SAM Webinar Schedule for 2015

System Advisor Model

e Introduction to New SAM! e Scripting in SAM with LK
o Nov 20, 2014: Janine Freeman o Mar 19, 2015: Aron Dobos
e Sizing Photovoltaic Systems in SAM e Modeling Wind Systems in SAM
o Dec 18, 2014: Janine Freeman o Apr 16, 2015: Janine Freeman
 Parametric and Statistical Analysisin ¢ SAM'’s Residential Third Party Financial
SAM Model
o Jan 22, 2015: Paul Gilman o Aug 20, 2015: Nate Blair
* Modeling Power Towers in SAM e Battery Storage for PV Systems in SAM
o Feb 19, 2015: Mike Wagner o Sep 17,2015: Aron Dobos
Details

e All sessions last one hour and begin at 1 p.m. Mountain Time

*  You must register to participate

e Registration is free, but space is limited

e More details and registration information on Learning page of SAM website

https://sam.nrel.gov/content/resources-learning-sam
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Webinar Outline

* PV Sizing Demo
e DC to AC System Sizing

e Sizing Distributed Systems for an Electric
Load

e Limitations of SAM for System Sizing
e Q&A
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PV Sizing Demo



Defining System Size

System Advisor Model

Nameplate capacity in SAM = DC capacity of PV modules (kW)

DC capacity of PV modules (kW)

DC — AC Ratio =
(4eo AC capacity of inverters (kW)

NATIONAL RENEWABLE ENERGY LABORATORY



DC-AC Ratio Limitations b

System Advisor Model

EXAMPLE

PV Panel: 215 kW DC

Inverter: 36 kW AC

Desired system size: 100 kW DC
Desired DC-AC ratio: 1

Number of modules: 58 Number of modules: 58
Number of inverters: 3 Number of inverters: 2
Actual DC-AC ratio: 0.92 Actual DC-AC ratio: 1.39

Images from http://www.lowcarboneconomy.com/profile/sec_industrial_battery co_Itd/ products_and_services/sec-s_series_photovoltaic_panels/9213
and http://solarenergy.advanced-energy.com/commercial-solar-inverters/AE-500TX
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PV Sizing Demo in SAM

Pholovollaic Residential

Location and Resource
Module
Inverter

System Design

Degradation
Financial Paramatars

Incentves

Electric Load

Simulate >

ametne

/ P30
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~System Siding
@ Specify desired amay size

Specify mndudes and inverters

Desired armay site 10 kde Modules per string )
DIC to AT ratio 110 Strings in parallel 5
Mumber of inverters 2
Configuration at Reference Conditions—
Modules Inverters Sizing messages (see Help for details):
Namreplate capacdy RGO ke Total capacdy FO00. EWac Artual 0C to AC ratia 5137, Ta et closer =
to the desired DC-AC Ratin, you may need
Humber of modul & Total TADD WWde ¥
e ol sk tr seirct a different module and/far inverter.
Medules per string g Mumber of inverters 2
Strings in parallel 6 Medmum DC valtsge 6000 Vde il
Totel meduh 597w Minimurn MPPT valt 200 Vd
s i cirile e £ Valtaye and capacily ralings are sl module
Strang Vae 3824 ¥ Masirrirn MPPT valtage 4800 Vdc referenze ondians shown en the Madule
Page.
Stnng Vg 00 v

DN Subarrays-

model 3 sy3tem with one array, specity propertics for Subamay 1 and dizable Subarrays 2,3, and 4. To model o sytem with LD to four subarrays
wennected in pasallel o a single bank of inverters, Tor esch subaray, thedk Enable and speify a number of stings snd uther propeities,

Subarray 1 Subarray 2 Subarray Subarray 4
Srings in aray & al D Enable 7 Enabile Einabile
Strings alocaled bo subaray & o 0
~Tracking &
& Foed & 0 Foced
1 fais 1 A
e 2 s
2z Aarmuth Ax
| Tike=latitude T
Tilt {deg) 2 2 0 )
Azimuth {deq) 180 100 180 180
Ground coverage ratio (GCR) 03 03 03 03
Trackes rotation limit (deg) 4 45 45 45
Backtracking Enable Ensile

Greund coverage ratle is used (1) to determine when o one-auls tracking system will backtrazk, (7} in seit-shading calrulatinns fer fived
Hift oF Gne-gis tracking £yitems on the Shading page, and L in the tolal lsnd ares calculstion. Se¢ Melp tor details
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DC to AC System Sizing



Selecting a DC-AC Ratio

System Advisor Model

Ideal DC-AC ratio isn’t always 1:

* Price difference in inverter sizes
e |nverter efficiency- inverter’s kW-DC rating

»*

@ ®new U l:'|tit\ed_v

| Photovoltaic, Residential

Location and Resource .
Search for: I
Module
Narne Paco Vac Mppt_low Mppt_high o
Inverter SMA America: 5B3800U 208V [CEC 2005] 3500 208 220 480 I
SMA America: SB3800U 240V [CEC 2005] 3800 240 250 480
Systemn Design SMA America: SB4000TL-US-22 (208V) 208V [CEC 2013] 4000 208 175 480 A
) SMA America: SB4000TL-US-22 (240V) 240V [CEC 2013] 4000 240 175 480 |—|
Shadlng SMA America: SB4000US 208V [CEC 2007] 3500 208 220 480
SMA America: SB4000US 240V [CEC 2007] 4000 240 250 480 S
Losses - .
r Efficiency Curve and Characteristics
System Costs SMA America: SB4000US 208V [CEC 2007] CEC weighted efficiency 95525 |% 1
100 T T T T
European weighted efficiency 95381 %
Degradation
Maximum AC power 3,500,000 Wac co -0.000 1/Wac
Financial Parameters Maximum DC power 3700170 Wde  C1 0000 1/Vdc
TREEmiEs % Power consumption during operation 17.368 Wdc c2 0002 1/vdc
2 Power consumption at night 0.140 Wac fec] -0.000 1/Vdc
z
Electricity Rates £ Mominal AC voltage 208 Vac
. - 7 Maxirmum DC voltage 6000 Vdc
Electric Load Vdeo m
— Mppt-low Maximum DC current 180 Adc
— Mppt-hi Minimum MPPT DC voltage 2200 Vde
Simulate > I_‘_ ) | L L L L Merminal DC voltage 310.7 Vdc
[ E &0 80 100 .
Parametrics Stochastic % of Rated Qutput Power Maximum MPPT DC voltage 480.0 Vdc

P30 / P90 Macros o
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Selecting a DC-AC Ratio

Ideal DC-AC ratio isn’t always 1:

* Planning for degradation of PV modules

Annual Energy Cver the Project Lifetime

4
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Selecting a DC-AC Ratio

System Advisor Model

Ideal DC-AC ratio isn’t always 1:

Infrequent occurrence of rated module
conditions (aka pIannlng for inverter clipping)

: : : : : : : : : : : LILI Subarray L Soiling derate [t
=r [ Subarray 1 Cell temperatur
[ Subarray 1 Gross DC powe
[ Subarray 1 DC string voltac
OO Mominal POA total radiatic
[ POA total radiation after st
T [ POA total radiation after st
OO Inverter dec input voltage [
ol [0 Gross de array power (kW)
m MNet dc array power (kW)
[m][ ]| Gross ac power (kW)
O Met ac power (kW)
[ Met ac energy (kKWh)
OO Hourly energy (kWh)
“or OO Inverter efficiency (%)
mlnverter clipping loss (kW)
[ Inverter power consumptic
O Inverter night time loss (kV
| |I [ Year1 hourly electric load
o | 1 OO Yearl peak electric load (k
/ \ [ Year1 electricity to/from g

b
1 1 1 1

1wk [0 Year1 hourly electric load
| OO Vear1 subhourly peak to/f

L
I |
,.u \ .,' A ‘\ [ Year1 subhourly peak loac
5 0O Year 1 hourly sales/purcha

oz 12 15 18 n oo OO Year1 hourly sales/purcha
Aprl6-17 [ Year1 demand charge by |

EaEES
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Selecting a DC-AC Ratio

System Advisor Model

Inverter Voltage Specifications

e System performance is reduced if the inverter
IS not operating within MPPT range

e Inverter could be damaged or warranty could
be voided if DC system voltage exceeds
maximum inverter rated voltage




SAM'’s Inverter Sizing Information Macro ks

DC-AC Ratio

+ The nameplate DC-AC ratio is defined as the rated capacity of the modules (W-DC) to the rated capacity of the inverters (W-AC).
# The effective Year 1 DC-AC ratio is computed after light-induced degradation has been applied.

» The effective Year 25 DC-AC ratio is computed after light-induced degradation and annual module degradation have been applied. Assumes no inverter
degradation.

MNameplate DC-AC Ratio 457143
|| Effective DC-AC Ratio, Year 1 452571
Effective DC-AC Ratio, Year 25 0.3249

First Year Inverter Clipping

There are multiple ways to reduce inverter clipping. You can choose a larger capacity inverter, increase the number of inverters, reduce the number of modules,
or reduce the number of modules per string. Some inverter clipping may be financially worthwhile in order to avoid the additional cost of increasing your inverter
size, or to produce more power with the same inverter in the rest of the hours of the year.

MNumber of Hours Clipped -

Total kWh (AC) lost 126553

% of DC Power lost -

m

Inverter MPPT Performance

System performance is reduced if the inverter is not operating within its MPPT range. Additionally, if the maximum voltage of the inverter is exceeded, this could
damage the inverter and/or void the warranty. Exceeding voltage limits may be mitigated by selecting an inverter with different voltage limits, selecting a different
size module, or reducing the number of modules per string.

Inverter Specifications vV  Actual System Voltages Subarray 1 Subarray 2 Subarray 3
MPPFT Voltage Minimum 220 Actual Voltage Minimum 355383 357.609 353.564
MPPT Voltage Maximum 480 Actual Voltage Maximum 502.383  502.827 503.162

Maximum Allowable Voltage 600 Actual Maximum Voltage 502383 502827 203162
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Sizing Distributed Systems for
an Electric Load




Distributed PV Sizing Considerations

System Advisor Model

Space
constraints

Sizing a system Utility
to meet 100% Ideal PV interconnection

of a building’s system size requirements
electric load

Budget
constraints
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Electric Load Input Options Demo

Year 1 Hourly Electric Load (k\MWh)

lan Feb Mar Apr May Jun Jul Aug Z=p Ot Mow Dec
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ectricity Rates

@ @®new untitled v

Photovoltaic, Residential

rOpenkl Utility Rate Datak F
Download rate structures for electric utility companies included in the OpenEl U.5, Utility Rate Database, After downloading a rate structure, compare the inputs below
with a copy of the rate sheet to verify that the information is correct

Module ]

Search for rates...

Location and Resource

Mote: Use the full utility company name to search, For example, type "pacific gas” instead of
"PG&E" to find rates for the Pacific Gas and Electric Company.

Inverter

System Design

System Costs

Incentives
Electricity Rates

Electric Load

Simulate >

Fy

Go to Open ETLLS, Utility Rate Database website

rSave / Load Rate Data

m

Flatselate|  0]s/wn

Fixed monthly charge

Shadlng Save rate to file... ] [ Load rate from file... ] File <invalid>
Losses r Fixed Energy Rates ~Monthly Charge - Annual Electricity Cost Escalation
Flat buy rate 0 &/kWh Electricity cost escalation rate = 0 %fyr

1668 §

In Value mode, S5AM applies both escalation and
inflation to the total first-year electricity cost to calculate

Degradat\on rMet Metering M Energy Ch the annual electricity cost in later years. In Schedule
. de, inflation d t ly. See Help for details.
Cinancial Parameters [7] Enable net metering Menthly minimum charge 5 fmods, milation does not apply. see REp for detais =
Year end sell rate 002789 §/kWh Annual minimum charge )

@ Description and Applicability

@ Energy Charges

r Time-of-use and Tiered Energy Rates

Enable time-of-use and/or tiered energy rates
Weekday

- - i Period 2 Period 3 Period 4 Period 5 Period 6
5 . S Period 1 9 Period 2 Period 4 Period 5 Period 6
ametrics Stochastic
e a S Max Buy Sell Max Buy Sell Max Buy Sell Max Buy Sell Max Buy Sell Max Buy
Usage  Rate Rate Usage Rate Rate Usage  Rate Rate Usage  Rate Rate Usage Rate Rate Usage Rate 2

P30/ P30 Macros
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Budget Constraints

System Advisor Model

ﬁ (New  untitled v

Photovoltaic, Residential rDirect Capital Costs
Location and Resource Madule 35 units 0.200 KWdc/unit 7.0 kWdc 070 [s/wdc - §4,900.00
Madule Inverter 2 units 3.500 kWac/unit 7.0 kWac 033 |$/Wdc - §2,310.00
) S/Wdc §/m’
Inverter Balance of system equipment 0.00 0.82 0.00 §5,740.00
- Installation lab ) ; | = !
System De5|gn nstallation labor 000 + 030 + 0.00 $2,100.00
Installer margin and overhead 0.00 095 0.00 § 6,650.00
Shading [ —
Subtotal § 21,700.00
Losses ~Contingency .
Contingency 0 % of subtotal £0.00
System Costs
i Total direct cost $21,700.00
Degradation ~Indirect Capital Costs
) i % of direct cost 5/Wdc )
Financial Parameters - _ )
Permitting and environmental studies 0 010 0.00 §700.00
Incentives Engineering 0+ 000 + 000 = 50.00
o Grid interconnection 0 0.00 0.00 §0.00
Electricity Rates _Land Costs
) Land area 0.0 acres
Electric Load Land purchase $0/acre 0 0.00 0.00 50.00
+ + + =
Land preparation $0/acre 0 0.00 0.00 £0.00
-Sales Tax
Sales tax basis 58  Sales tax rate 50 % §$629.30
Total indirect cost §1,329.30
r Total Installed Cost
Total installed cost §23,029.30
Total installed cost per capacity £3.29/Wdc
rOperation and Mai e Costs
First year cost Escalation rate (above inflation)
Fixed annual cost 2 0 Sfyr 0% In Value mode, 5AM applies both
3 ) Vi | inflation and escalation to the first year
Simulate > Fixed cost by capacity 20 5/kW-yr 0% cost to calculate out-year costs. In
_ ) Variable cost by generation [vaiue | 0 $MWh 0% Schedqle modg_ neither inflation nor
Parametrics Stochastic escalation applies. See Help for details.
P30/ P90 Macros
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Space Constraints

System Advisor Model

ﬂ @New untitled w

Photovoltaic, Residential Azimuth (deg)
Location and Resource it Ground coverage ratio (GCR) 03 03 03 0.3
Tracker rotation limit (deg) 45 45 45 45
Module Backtracking [ | Enable Enable Enable Enable
Inverter Ground coverage ratio is used (1) to determine when a one-axis tracking system will backtrack, (2} in self-shading calculations for fixed

tilt or one-axis tracking systems on the Shading page, and (3} in the total land area calculation. See Help for details.

m

System Design

r Estimate of Overall Land Usage

: z SAM uses the total land area only when you specify a $/acre cost on the System Costs page: Total land
Shading Total module area 1335 m° s = total module area = GCR = 0.0002471 (1 m* = 0.0002471 acre).

Total land area 0.0 acres
Losses

System Costs

@ PV Subarray Voltage Mismatch
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Comparing Results

System Advisor Model

1000

900

300

Fo0

KW h

300

1o

Monthly Enengy and Load M Monthly energy
I I I I I I I I I I I I B ¥=ar 1 manthly electric load

. | Year 1 monthly net metering credit
1 Metric

B 7 Annual energy 6,857 KWh
] Capacity factor 20.2%

L ] First year kWhAC/ kWD 1,770
] Performance ratio 079
] Levelized COE (norminal) 8.23 ¢/kWh

- p Levelized COE (real) 6.51 ¢/kWh
] Electricity cost without systern 5973

- - Electricity cost with system 5160
] Met savings with system 5813

i _ Met present value 84783
] Payback period 11.1 years
] Initial cost 512,747

C 7] Initial cost less cash incentives 512,747

I ] Equity S0

L J Debt §12,747

lan Feb War Apr May Jun il Aug Lep Ot Mo Dec

NATIONAL RENEWABLE ENERGY LABORATORY



Optimizing Your System Size

System Advisor Model

Parametric Analysis
ﬂ (-DNew untitled v

Photovoltaic, Residential

Quick setup... Inputs.. Outputs.. Runsimulations »

MNumber of runs:

Location and Resource Desired array size (kWdc) | Initial cost ($) | Year 1 savings ($)
Module 1 10

2 11
Inverter 3 12

a 13
System Design E] 14
Shading
Losses T
System Costs
Degradation femear I
Financial Parameters
Incentives s 1

=
Electricity Rates 2
B

Electric Load e 1

loooo 1

Simulate >
R . .
Parametrics Stochastic ! 2 : 4 5

Run number

P50 / P90 Macros
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[l Initial cost : run 1
[l Initial cost @ run 2
Initial cost @ run 3
Initizl cost @ run 4
[l Initial cost @ run 5

il Help

Export v

m




iiNREL

7~ v .-
el Ll

} ; ﬁ r:'v o
5 ) i k
- ! LY AR W l"v

Limitations of SAM for System
Sizing

v




Limitations of SAM for System Sizing

e Does not perform a full electrical model
 Does not show frequency effects

 Does not properly model inverter operation if the string
voltage is outside of the MPPT range

e Assumes that the grid can handle any level of power
created for distributed system models

e Does not calculate wiring losses (% loss)

e Cannot currently model stand-alone systems (system
must be grid-tied)
 Does not model lifetime power production- degradation

is applied to the first year production which does not
appropriately model clipping in the out-years

NATIONAL RENEWABLE ENERGY LABORATORY
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Thank you! Questions?
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