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Modeling Wind Systems in SAM

INTRODUCTION TO SAM
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What is SAM? 1~

The System Advisor Model (SAM) is a free computer program 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 the life of the project.
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What can you do with SAM? @

 Model solar, wind, and geothermal power systems in a
single application

* Access high-quality performance and economic models
developed by NREL, Sandia, and other partners

« Evaluate and compare options using consistent models
across technologies

e Calculate economic metrics such as LCOE, NPV,
payback for projects in different markets

« Perform parametric and uncertainty analyses

e Present modeling results in graphs and tables
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SAM combines performance and financial models b

e Photovoltaic systems * Residential, commercial, and
utility-scale projects
« Concentrating Solar Power
« Parabolic Troughs
 Power Towers
e Dish-Stirling

» Installation and operating costs

e Tax credit and payment
e Solar Water Heating iIncentives

 Wind turbines and farms « Complex electric utility rates

« Geothermal power plants Key outputs

Key outputs o Levelized Cost of Electricity
| (LCOE)
 Hourly energy production . Payback
(kWh) « Net present value
o Capacity factor .

Multi-year cash flow
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Background @

4P 1.5, DEPARTMENT OF =3 Sandia
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NATHINAL REMEWABLE ENERGY LABORATORY

Laboratories

SAM has been a collaborative effort by the Department
of Energy, National Renewable Energy Laboratory,
and Sandia National Laboratories

SAM has been downloaded more than 35,000 times by:
- Manufacturers
- Engineering Firms
- Consultants
- Developers
- Venture Capitalists
- Policy Analysts
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Downloading SAM

https://[sam.nrel.gov/
1) Click Register 2) Complete form 3) Download

EE NREL System Advisor Model (SAM) - lr

DOWNLOADS SUPPORT FORUM LEARNING RESOURCES CONTACT USs MY ACCOUNT
Doistloads SAM Downloads
e current version of System Advisor Model is SAM 2013.1.15. It requires about 500 MB of disk ) ) - _
space, and either Windows 8/7/Vista/XP or 0S X 10.6 Intel or later. SAM is a 32-bit program that Login or Rgglster to downioa
will run on both 32-bit and 64-bit operating systems. S| TR I BT
. . . . . »
Important note! SAM 2013.1.15 is the last version that will run with Windows XP. J -

Microsoft plans to stop providing updates for Windows XP in 2014, and MREL Information
Services no longer supports Windows XP on NREL computers. Future Windows versions
of SAM will be available for wWindows 8, 7, and Vista.

Installation Instructions
1. If you have not already, log on to the SAM website.

If you do not have a website account, register to create an account.

2. Completely download the installation file for your operating system to your computer:
¢ For Windows, the file is sam-win32-2013-1-15.exe.

+ For 0S ¥, the file is sam-osx-2013-1-15.dmg. (By default the file will download to the
Downloads folder.)
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Getting Help

Online Help and User Guide

— Help menu and buttons

SAM Website

— https://sam.nrel.gov

Support Forum

— https://sam.nrel.gov/forums/support-
forum

Email User Support

— sam.support@nrel.gov
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SAM Help
e
B
[Y) Welcome Page
[Z)) Main Window
[ Input Pages
[} Run Simulations
[] Results Page
[) Export Data and Graphs
[Y] Manage Cases
[} Menus
[] Notes
[) File Formats
[ YouTube Channel
] Weather Data
['] Performance Models
[ Photovoltaic Systems
[ Concentrating Solar Power
[ Generic System
[ Solar Water Heating
51 Wind Power
[*] Geothermal
] Biomass Power
3 Financial Models
[ ] Retail Electricity Rates
] System Costs
3 Restlts
1 Reports
[ Financial Metrics
] Performance Metrics
[ Cash Flow Variables
[ Performance Model Results
] Time Dependent Pricing

[ SamUL Scripting Language
] Analysis Options

i

[} Software Development Kit (SDK)
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JE” Start a Project || S

Navigation

Start a Project

Contents

The following procedure describes the basic steps to set up and run a simulation of a project. B
See also:
+ Einancing Overview

Technology Options
Getting Started with PV

A. Create a file L

i

When you start SAM, it displays the Welcome page with several options for creating or opening
a file.

To create a new file, under Enter a new project name to begin, type a name for your project and
click Create a new file.

Enter a new project name to begin

3 kW Residential Py| Create a new k... -

The default input values are intended to ilustrate System Advisor's
use. The data are meant to be realistic, but not to represent

SAM displays the technolegy and financing options. You must choose both a technology to
model and a financing option for the project.

Note. In previous versions of SAM, you started by opening a sample file that
contained a complete set of default values. In the current version of SAM,
creating a new file is equivalent: SAM creates a file populated with input values
from an internal database of default values. The sample files in the current
version are examples of more advanced capabilities.

B. Choose a technology

The technology option you choose determines the performance model that SAM uses for
simulations. SAM offers performance models for photovoltaic, concentrating solar power, solar
water heating, wind, geothermal, and biomass power systems. The generic system model allows
you to represent a system using only a nameplate capacity and capacity factor, or an hourly or
subhourly generation profile from another performance model or data source.

For photovoltaic systems, click Photovoltaics to expand the list of options. If you want to choose -




Modeling Wind Systems in SAM

Example 1. One turbine helps
meet a farm’s electric load
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Basic Assumptions

Project site in North Central Oregon
One Vestas V-47 wind turbine

Turbine to help meet load of a small farm

Retall electricity rate is 8 cents/kWh

Utility will purchase electricity at 5
cents/kWh

Total installation cost is $5,000/kW
Annual operating cost is $10/kW
Project financed with 60% loan

Project benefits from 2.2 cent/kWh
Federal production tax credit

These assumptions are
not for a real project!

We made up the costs
and electricity prices and
other assumptions for
demonstration purposes.




1. Start SAM

W 5AM 2013115

Buce  Analysis Tools  Script Help

Create a new file

MATIONAL RENEWABLE EMERGY LABORATORY

Enter a new project name to begin

My project [

Create a new file... ]

The default input values are intended to illustrate System Advisor's use. The data are meant to be
realistic, but not to represent values for a spedific project. Input values will vary depending on the
market, technology and geographic location. Mew developments, policy changes, and price volatility
mean that default values may be out of date or inappropriate. Before using results, be sure to review
all inputs and determine whether they are appropriate for your analysis.

Start the Solar Wizard... Visit the SAM support forum...

Open a sample SAM file. .. Browse the help system. ..

A 23+

Open a recent file

AM 2013

Messages from NREL

Mews from the SAM team @ NREL

| »

14 May 2013: We are pleased to announce the 2013 SAM webinar series! This
year we will have four one-hour webinars covering wind power, residential and
commercial PV, PPA financial models, and the SAM software development kit (SDK). For
more details, including the schedule and connection information, please see the Learning
page on the SAM website.

m

8 Feb 2013: The SAM simulation core software development kit is available for
download for software developers who want to write programs using the SAM
simulation engine. See the S5C SDK page for details and a download link.

15 Jan 2013: SAM 2013.1.15 is available for download! This version is a
maintenance update that fixes several issues, including shading for photovoltaic flat-plate
PV, issues with reports, and the default value for the wind PTC. To see a complete list of
changes and download the new version, please go to the SAM Downloads page. We
recommend that you install and use this version instead of SAM 2012.11.30.

30 Nov 2012: SAM 2012.11.30 is available for download here.
17 Oct 2012: If you have been testing SAM Beta 2012.9.27, and have not yet completed

the online survey or emailed us your feedback, please do so to help us make as many
improvements as possible before we release the next version. -

F:/SAM Webinars/2013 Webinars /commerdial wind example. zsam
F:/SAM Webinars/2013 Webinars fwind farm example.zsam

List of recent files




2. Choose a performance and financial model

1. Select a technology:

-

Photovoltaics
Direct conwersion of sunlight to electricty using solar cells,

Concentrating Solar Power
CSP systems use mimors or lerses 1o foous sunlight to generate 2
heat source for conventions] type power plant,

Generic System
The simplest plant model that uses 2 nameplate size and capacity
factor o wsar supplied production profile,

%
=
T\r\l(“"ildl’nwer

Solar Water Heating
Represants 2 simple :E: piate ChOSed-i00D Qhyn0ol wWater hesting
SyrShEnn With SOimc SAndiany,

An hourky model meant to simulate wind power production from
single turbine installations to & full scale wind farm providing power
to the electridty grid.

== Geothermal
B GCeoothermal systems estract haat enangy from the relztively large
me3t content D: the earth :\:l' COMYEMNOma] PO OCkes,

Biomass Power

Conwersion of biomass feedstocks into ey,

Choose a performance
model: Click Wind Power for
a wind project

2. Select

A i

L

a financing option:

Residential
Project cash flow i based on vahee of avoided retzil elecricity
purchases, SAM caloulates project LCOE, NPV, and payback
period.

Commercial
Project owned by commencial entity that buys and sells electricity
at retail rates, Project cash flow i based on vakee of elecricity
purchases offset by the renewable energy system and
depreciation tax benefit, SAM caloulates project LCOE, NPV, and
payback period,

Commercial PPA
Project ceveloped and owned by single entity that sells elecmicity
2t price negotisted through power punchase agreement (PPA),
SAM caloulstes project LCOE, NPV, and can either caloulate
project PPA price based on target IRR that wou specify as input,
or caboulzte project IRR based on PPA price you specify.

Utility Independent Power Producer (IPP)
Project developed and ownet by single entity that sells electricity
3t price negotisted through power purchase sgreement (PPA)D
SAM caloulates project LCOE, NPV, and can either caloulate
project PPA price based on target IRR that ywou specify 25 input,
or caboulzte project IRR based on PPA price you specify, You also
speciny debt fraction a5 input. This option is a simple version of the
Simgle Crwiner option.

Advanced Utility IPP Options

Adwanced finandzl models zppropriste for utility scale power
gEneration projects,

Choose a financial model: Click
Commercial for a project that

buys and sells electricity at retail
rates and can claim depreciation
benefits

) ance




3. Review the default input assumptions

& 5AM 2012.1.15: untitledl

File Case Analysis Tools Script Help
New Wind Power Case 1 X
select Technology and Market. .. ] [ Wind Power, Commercial ]

Wind Resource
Average annusl wind speed: 9.5 m/s 3t 50.0 m
Turbine

Turbine: ¥zeres 4425R, 12,0 kW
Hub height: 25.0 m

Wind Farm

MNameplate capacity: 12,0 kW
Number of turbines: 1

Performance Adjustment

Percent of annesl cetput: 100 %

Year-to-year decline! 0 % per year
Wind System Costs

Tetzh: 5 35,380.80
Par Capacity: $2,545.40 par kW

Financing

Anahysis: 25 years

Debt Fraction: 100,09 pencent
Incentives

Fed, PTC

No cash incentives
Depreciation

Lyt MACRS (Federal)
Sy MACRS (State)
Utility Rate

Met Metering? Yes
Electric Load

Anmuszl Energy: O kWh
Annaal Peak: 0 kW

= & A

-
b}
m

[Wind Resource by Location -

rDefine the Wind Resource by Choosing a Weather File

Click navigation
buttons to show

different input pages

ATV A Eastern-Licean. st
SAMMA Central-Rolling Hills, srw ‘
SAMMV Northeastern-Rolling Hills.srw

ColC AR Wlmm e Mimmme O WS s
4 2

SAMM/Y Cheyenne_2006.srw M
SAM Southern-Flat Lands.srw

Data source MREL AWS TruePower Data: representative of southern WY - fiat lands

Latitude  Mf& deg
Longitude MfA deg
Elevation 2088 m
City NjA
State WY
R Summary

View hourly data...

Average wind {

Height of spee

Height of directio

Location Lookup. ..

[ Folder Settings... ]
[ Refresh list ]

[ Copy to praoject ]

m

Input pages show assumptions.
Change values as appropriate
for your analysis




Wind Power — Commercial Model Inputs b

Wind Resource Hourly wind resource data for one year

Turbine: Choose a turbine, or for advanced studies, specify
turbine characteristics
Wind Farm Turbine layout

Performance Adjustments
Curtailment and availability factors (optional)

Wind System Costs
Installation and operating costs

Financing Project debt, tax rates, and other financial
parameters
Incentives Federal, state, local and other incentives

Depreciation  Federal and state accelerated depreciation
(Commercial Only)

Utility Rate Retall electricity prices and time-of-use structure,
tiered rates, etc.

Electric Load Building or facility electric demand

National Renewable Energy Laboratory Innovation for Our Energy Future



4. Choose wind resource data W

& SAM 20131.15: untitled] =N =R ==

File Case Analysis Tools Script Help

New Wind Power Case1 X £
Select Technalogy and Market. .. ] [ Wind Power, Commercial ] 9
Wind Resource i [Wind Resource by Location -
Average annuzl wind speed: €.6 m/s 3t 50.0 m —

rDefine the Wind Resource by Choosing a Weather File

Turbine ‘\T

Filter locations by name: [ Location Lockup... ]
Turbine: Xzeres 4425R, 12.0 kW

Hub height: 25.0 m SAMMI Western-Lake.srw -
SAMMN Southwestern-Flat Lands.srw
Wind Farm rﬁ SAMMT Morthwestern-Canyon Lands, srw -
| SAM/MC Eastern-Crean, srw - ( : h
Nameplste capacity: 12.0 kW SAM/ND Morthern-Flat Lands.srw O O S e a

Mumber of turbines; 1 SAMMNI Southeastern-Ocean. srw
SAM,MM Eastern-Flat Lands. srw

pertormance Adjstmert SARY N ot v BaT representative wind

OH Marthern-Lake.srw
Percent of annual cutput: 100 9% SAMJOR Morthern-Flat Lands.srw

oo %45 o SR e - resource file for an

Wind System Costs SAM/TX South-Ocean.srw

e 8|7 | | Satenster Tt o o . initial analysis (see

Per Capaciny: £2,948.40 par kW See Help for de

Financing ﬁ Data source  MREL AWS TruePower Data: representative of northern OR - flat lands H e | p fo r d eS C ri pti O n S)

Anzhysist 25 yaars Latitude MfA deg
Diebt Fraction: 100.0% percent

Longitude NfA deg [ Folder Settings... ]
Incentives p )
% Elevation 457 m [ Refresh list ]
Fed. PTC o City T/A
i -
Mo cash incentives v [ Copy & project ]

OR

State Remove from project

To refine your analysis later, click Location Lookup to
— download modeled wind resource data, or use your own

Electric Load

Depreciation
Loyt MACRS (Federa])
E-yr MACRS (State)

measured data in a .srw file.

Annuzl Energy: 0 kWh
Annazl Peak: 0 B

w» t.




4. Choose awind turbine

& SAM 2013.1.15: untitledl

(=N >

File Case Analysis Tools Script Help
New Wind Power Case1 X £
Select Technalogy and Market. .. ] [ Wind Power, Commercial ] 9
Wind Resource |~
Average annuzl wind speed: 6.6 m/s 3t 50.0 m ~Wind Turbine
Turbine ‘\T @ Select a turbine from the list [SAMMnd Turbine Library/Vestas V47 6860 -
_ ; ) Define the turbine characteristics below SAM/Wind Turbine Library Mordex N80-2500 -
TIGETE WE=Es (AT ERD, CEMDIA - SAM/Wind Turbine Library,/Mordex N30-2500 HS
Hub height: 50.0 m SAM/Wind Turbine Library Mordex N90-2500 LS
User Defined Rated Qutput 12 kw  SAM/Wind Turbine Library Mordex N100-2500
Wind Farm rT | _ - SAMWind Turbine Library/RePower MM 82
Namenlate canaci: 560.0 ki ‘1’ User Defined Rotor Diameter 7.5 |m SAMWind Turbine LibraryRePower MM 92
amepiate capacity: 660, SAM/Wind Turbine Library RePower 3XM
Number of turhines; 1 Max Cp 0.37 SAMMind Turbine Library fRePower 5M
- SAM,Mind Turbine Library [Siemens SWT 2.3 MW-33
Performance Adjustment Max Tip Speed 33 |mfs  |SAM/Wind Turbine Library/Suzlon 564-950
o SAM/Wind Turbine Library/Suzion 564-1250 .
Bercent of anmual cutput: 100 % Max Tip Speed Ratio 5 SAM/Wind Turbine Library /Suzlon 583 C h o0ose a tu rb ine
Year-to-year deciine: 0 % per year SAM\Wind Turbine Library/Suzlon 552 600
. Cut+n Wind Speed 3 |mfs | 5AM/Wind Turbine Library/Suzlon 582 1.5
Wind System Costs ) SAM/Wind Turbine Library Tacke TW 600 (Old) -
Cut-out Wind Speed 19 Imfs  sam/wind Turbine Library/Tacke TW-600e ro | I | t e | St
Total: 5 1,945,544.00 I o= : - SAM/Wind Turbine Library/Tacke T600-48
Per Capaciny: £2,948.40 par kW Drive Train Design | 3 Stage Planetary SAM,Wind Turbine Library Vestas V42-600
Financing Blade Design | Baseline
. Tawer Design | Baseline SAMMind Turbine Library fWestas ¥52-850 ..‘
Anazhysis: 25 years SAMMind Turbine Library Vestas Y56-1650
Dbt Fraction: 100.0% percent ) SAM/Wind Turbine Library Vestas v82-1.65
Hub Height 50 m  |samMwind Turbine Library,Vestas V80-1.8 A
Incentives . SAMMind Turbine Library fVestas V80-2.0 3
4/% Shear Coefficient 0.14 SAM,Wind Turbine Library Vestas ¥30-1.8
Fed. PTC ' SAMWind Turbine Library /Vestas ¥30-2.0
No cash incentives SAM/Wind Turbine Library/Vestas V50-3.0
SAMMVind Turbine Library Vestas V100-1.8 —
Depreciation SAMMWind Turbine Library Vestas ¥112-3.0 52
1 ]
1 1 1 . .
Loyt MACRS (Federa]) 10 s 20 TS 0 TS 20

ST MACRS (State) Wind Speed (m/s)

Type the turbine’s hub height

Utility Rate

M=t Metering? Yes

(tower height)

Electric Load

Annuzl Energy: 0 kWh
Annazl Peak: 0 B

Qt.

£

b

-

17
D



4. \gnore turbine layout for project with one turbine %

& SAM 20131.15: untitled] =N =R ==

File Case Analysis Tools Script Help
New Wind Power Case 1 ¥

Select Technalogy and Market. .. ] [ Wind Power, Commercial ] 9

Wind Resource i

Average annuzl wind speed: 6.6 m/s 3t 50.0 m rSystem Size

Turbine f\‘T [7] Use more than one wind turbine umber of Turbines :

Turbine: Vestas V47 660, 660.0 kw System Nameplate Capadity G660 |y

Hub height: 50.0 m

Wind Farm Turbine Layout A\

Nameplste capacity: 660.0 kW Turbine Layout Map \
A Clear the Use more than ONe s
T turbine check box | X

Percant of anmusl cutput: 100 9
Year-to-year decling: 0 % per yes

Number of Turbines

Wind System Costs L , i 750
_:E_:.'_;" E Row Spacing 0 m 250l .

Tatal 5 1,945,544.00 Offset for Rows 250 |m - - " IS O n e
Par Capacity: £2,548.40 par kW

pacry P Offset Type |Each Row E 2,000 —
Financing ﬁ °

E
Anzhysis: 25 years Row Orientation 0 |deg 1,500 L] L] . . . . . ] -
Diebt Fraction: 100.0% percent
Incentives 4 LO00 - ]
Fod f . . . . . . . .
- PTC Wind Farm Losses 0 |% o0
Mo cash incentives r ]
Turbulence Coeffident 0.1
Depreciation
N o » '] ] L L L L) »* -
Loyt MACRS (Federa]) W'l-;--E 1 1 I I I 1 1 1 1
Syr MACRS (Stats) ; [1] 500 1,000 1,500 2,000 2,500 3,000 3500 4000
B meters

utility Rate m
M=t Metering? Yes

3 —
Electric Load ‘3.,

Annuzl Energy: 0 kWh
Annazl Peak: 0 B

L 4 E'..':? i]

-

18
D



5. Use performance adjustments for outages ~

& SAM 2013.1.15: untitledl

New Wind Power Case1 X

File Case Analysis Tools Script Help

Select Technalogy and Market. .. ] [ Wind Power, Commercial ]

Wind Resource
Average annuzl wind speed: 6.6 m/s 3t 50.0 m
Turbine

Turbine: Vestas V47 660, 80,0 kW
Hub height: 50.0 m

Wind Farm

Nameplate capacing: 660.0 kW
Number of turbines: 1

Performance Adjustment

Percant of annusl cutput: 100 %
Year-to-year decling: 0 % per year

Wind System Costs

Totzh 5 1,5945,544.00
Per Capacity: $2,548.40 par kW

Financing

Anzhysis: 25 years
Diebt Fraction: 100.0% percent

Incentives

Fed, PTC

No cash incentives
Depreciation

Loyt MACRS (Federa])
E-yr MACRS (State)
Utility Rate

M=t Metering? Yes
Electric Load

Annuzl Energy: 0 kWh
Annazl Peak: 0 B

3

= =

@

e

m

rSystem Qutput Adjustmen ts

Percent of annual output e 100 %
iiatus |

Year-to-year dedine in output 0% (compounded annually)

Hourly Factors (24-hour profile for each month) 0=No Qutput, 1=Full Qutput 0| Apply t
12am |1am |Zam |3iim |4am |ﬁm |6am |?am |Bam |‘Jam |lﬂam |11am |12pm |1pm |2pm |3pm |4pm |5pm |6pm |?pm |Bpm |9pm |10pm |11pm |

Jan |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Feb |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Mar |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

If you expect the project to experience forced or
scheduled outages due to curtailment, maintenance, or
other factors, you can estimate their impact on the

turbine’s output here.

L1 3

19



6. Project installation and operating costs

& 5AM 2013.1.15: untitledl
File Case Analysis Tools Script Help
New Wind Power Case 1

Select Technalogy and Market. .. ] [ Wind Power, Commercial ]

Wind Resource |~

NN L sy - R R ) - R

Average annuzl wind speed: 6.6 m/s 3t 50.0 m

Turbine Cost 1200 Sk £0.00 £ 792,000.00 £ 792,000.00
Turbine ‘\
g | Foundations 0 5fkw £0.00 0 §/turbine £0.00
Turbine: Vestas W47 680, 6800 kW -
Electrical Infrastructure 0 5fkw £0.00 0 §/turbine £0.00

Hub height: 50.0 m

Wind Farm Tﬁ

Nameplate capacing: 660.0 kW
Number of turbines: 1

£0.00

Use Turbine Cost for the installation cost =z
of $1,200/kW, and set other costs to zero.

Performance Adjustment

Percent of anmesl cutput: 100 %

Year-to-yesr dedline: 0 % per yesr By Lapad Fived Cost %o of Direct Cost Tor

Wind System Costs e Engineer Procure, Construct 0 5fkw £0.00 0% £0.00
Totzh £ 831,600.00 @ r Project, Land, Miscellaneous 0 5fkw £0.00 0% £0.00
Per Capacity: £1,260.00 per kW Transportation and Installation 0 §fkw £0.00 0% £0.00
Financing Ports, Staging, Scour, etc. {offshore farms) 0 5fkw 50.00 0 % £0.00
Anzhysis: 25 years

Diebt Fraction: 100.0% percent Sales Tax of 5% applies to 100 %  of Direct Cost £ 39,600.00
Incentives ﬂﬁ Total Indirect Cost $39,600.00
Fed. PTC o

No cash incentives

Depreciation

e se Fixed Cost by Capacity for the o
— annual O&M cost of $7/kW. (ki zo o

Utility Rate

M=t Metering? Yes

Operation and Maintenance Costs

Electric Load

First Year Escalation Rate (above inflation)

T | /yr 0% _ o
Fixed Cost by Capacity 7.00 &y 0%
Variable Cost by Generation = 0.00 gMwh 0%

Annuzl Energy: 0 kWh
Annazl Peak: 0 B

=
- = i]

Fixed Annual Cost =

m

You can refine costs later as you get more data.




6. Project installation and operating costs

& 5AM 2013.1.15: untitledl
File Case Analysis Tools Script Help
New Wind Power Case 1

Select Technalogy and Market. .. ] [ Wind Power, Commercial ]

Wind Resource i

Average annuzl wind speed: 6.6 m/s 3t 50.0 m

Turbine ‘\T
Turbine: Vestas V47 660, 80,0 kW
Hub height: 50.0 m

Wind Farm rﬁ

Nameplate capacing: 660.0 kW
Number of turbines: 1

Performance Adjustmeg

Percent of anmuesl cutput: 100
Year-to-year decling: 0 % per|

Wind System Costs
Totzk 5 831,600.00

Per Capacity: S1,260.00 per
Financing

Anzhysis: 25 years
Diebt Fraction: 100.0% pence

Incentives

Fed, PTC

No cash incentives
Depreciation

Loyt MACRS (Federa])
E-yr MACRS (State)
Utility Rate

M=t Metering? Yes
Electric Load

Annuzl Energy: 0 kWh
Annazl Peak: 0 B

rNREL Capital Cost Model
Automatically estimate land based costs

@ Land based installation
() Shallow offshore installation (< 30m)

Y

r Direct Capital Costs

Wind Farm Capacity

660

Mumber of Turbines

Total

The NREL Capital Cost model only works when you
choose Define the turbine characteristics below on
the Turbine page. It is designed for R&D analysis of
turbine design options rather tha

n for project analysis.

Engineer Procure, Construct £0.00 £0.00
Project, Land, Miscellaneous 0 5fkw £0.00 0% £0.00
Transportation and Installation 0 5fkw £0.00 0 % £0.00
Ports, Staging, Scour, etc. {offshore farms) 0 5fkw £0.00 0 % £0.00
Sales Tax of 5% applies to 100 %  of Direct Cost £ 39,600.00
Total Indirect Cost £ 39,600.00
rTotal Installed Costs
Total Installed Cost £ 5831,600.00
Total Installed Cost per Capadty (S/kwW) £1,260.00

m
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7. Project debt and financial parameters =

& SAM 20131.15: untitled] =N =R ==

File Case Analysis Tools Script Help
New Wind Power Case 1 ¥

Select Technalogy and Market. .. ] [ Wind Power, Commercial ] 9

Wind Resource i

b s i s 68 520 Commercil LoanParameters For the 60% loan of this example, type

Turbine f\tT Debt Fraction A
SO — 60 for Debt Fraction. Use default
Hub height: 50.0 m
Loan Term 25 years | f t h t h t.
Wind Farm Y values 10r the otner assumptons.
N Loan Rate 7.5 %% year
Nameplate capacing: 660.0 kW
Number of turbines: 1
rAnalysis F ters

Performance Adjustment L . .

Analysis Period 25 years Inflation Rate 2,50 Sgfyear
Percent of anmesl cutput: 100 % | Di 5.20
Year-toyesr decline: 0 % per yesr Real Discount Rate . %afyear
Wind System C —= || Mominal Discount Rate 7.83 Shfyear

‘_-Ej' | rTaxand nce Rates
Totzl: 5 §31,600.00 Property Tax
Per Capaciny: £1,260.00 per kI Federal Income Tax Rate 28.00 %gfyear pe
Financing - State Income Tax Rate 7.00 %ofyear Assessed Percent 100,00 =% of installed cost
Anahysis: 25 years Assessed Value £ 831,600.00
Diebt Fraction: 60.0% parcent Sales Tax 5.00 %% ofinstalled cost Annual Dedine 0.00 oG fyear
Incentives % Insurance Rate {Annual) 0.50 % of installed cost Property Tax 2,00 Shfyear
Fed. PTC
Mo cash incentives rSalvage Value
Depreciation End of Analysis Period Value $0.00 Met Salvage Value 0.00 3% of installed cost

Loyt MACRS (Federa])
Syr MACRS (State)

uUtility Rate m
—
P

In general, you can use default values

M=t Metering? Yes

Electric Load

for preliminary analyses until you have
better data to use.

Annuzl Energy: 0 kWh
Annazl Peak: 0 B

= &, N
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7. Incentives

& SAM 2013.1.15: untitledl

File Case Analysis Tools Script Help

New Wind Power Case1 X

Select Technalogy and Market. .. ] [ Wind Power, Commercial ]

Wind Resource
Average annuzl wind speed: 6.6 m/s 3t 50.0 m
Turbine

Turbine: Vestas V47 660, 80,0 kW
Hub height: 50.0 m

Wind Farm

Nameplate capacing: 660.0 kW
Number of turbines: 1

Performance Adjustment

Percent of anmesl cutput: 100 %
Year-to-year decling: 0 % per year

Wind System Costs

Totzh 5 1,247,400,00
Per Capacity: $1,890.00 par kW

Financing

Anzhysis: 25 years
Diebt Fraction: 60.0% parcent

Incentives

Fed. PTC

No cash incentives
Depreciation

Loyt MACRS (Federa])
E-yr MACRS (State)
Utility Rate

Met Metering? Mo
Electric Load

Annuzl Energy: T16071 kiWh
Annaal Peak: 120, 204 kW

w» t.

e

r DSIRE Online Incentives Database

[ Download incentives. ..

] Go to website. ..

Use the default value for the Federal

production tax credit (PTC)

r Investment Tax Credit (ITC) r Production Tax Credit (PJC)
Reduces Depreciation Basis
Amount Federal State ount Term Escalation
Federal 50 Federsl M 0,022 skwh 10 years 2.5 %
State 50 [l [l State X g epnh 10 years 2.5%
Percentage Maximum |
Federal 0% £ 1=+099 [
State 0% 14098 [ ]
r Investment Based Incentive (IBI)
Taxable Incentive Reduces Depreciation and ITC Bases
Amount Federal State Federal State
Federal g0 ] &
State $0 | [
Utility 50 .
ot o Note. When you use one of the typical
Percntzge Ve wind resource data files, you cannot
Federal 0 % $ 1e+099 . 0 0
e oo < 1es0m automatically download incentives data
ity 0% s because the typical files do not store
Other 0% § 124099 g c
: - latitude and longitude values, so SAM
rCapacity Based Incentive {CBI) . g .
- o sy has no information about the specific
Federal 0w § 1e+099 pI‘OjeCt |OcatI0n .




8. Depreciation '~

& SAM 20131.15: untitled] =N =R ==

File Case Analysis Tools Script Help

Al

New Wind Power Case1 X

Select Technalogy and Market. .. ] [ Wind Power, Commercial ] 9

»

Wind Resource

Average annuz wind speed: 88 ms 2t S0.0m - Depreciation
Turbine f\q’ Federal State
Turbine: Vestas W47 680, 6800 kW - - - -

() Mo Depreciation () No Depreciation
Hub height: 50.0 m ) ~

@ 5-yr MACRS @ 5-yr MACRS
Wind Farm ; _

Tﬁf (0 Straight Line Ry =ars () straight Line 7 years

Nameplate capacing: £60.0 kW () Custom Ngrcentages () Custom percentages

Number of turbines: 1

o
t

Performance Adjustment
09

Percent of anmesl cutput: 100 %

Year-to-year decling: 0 % per year

Wind System Costs --

"
al
m

Totzh 5 1,247,400,00
Per Capacity: $1,890.00 par kW

Use the default 5-yr MACRS for a
commercial entity

Financing

Anzhysis: 25 years
Diebt Fraction: 60.0% parcent

==
Incentives /ﬁ

Fed, PTC

No cash incentives
Depreciation

Syt MACRS (Feders])
Sy MACRS (Stats)

uUtility Rate m
—
Py

Met Metering? Mo
Electric Load

Annuzl Energy: T16071 kiWh
Annaal Peak: 120, 204 kW

- g..':r l.]_,
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9. Retall electricity rates

% SAM 2013.1.15: untitledl
File Case Analysis Tools
| New Wind Power Case1 X |

Script

Help

’ Select Technology and Market. .. ] [ Wind Power, Commercial ]

Wind Resource
Averzage annusl wind speed: 6.6 mis 2t 500 m
Turbine

Turhine: Vestzs V47 660, 660.0 kw
Hub height: 50.0 m

Wind Farm

Nameplate capacity: 50,0 kW
Mumber of turbines: 1

Performance Adjustment

Percent of annual output: 100 %
‘Year-to-yesr decline: 0 % per year

Wind

(SLEI] OSLS

Fimancing

Anzhysis: 25 years
Dbt Fraction: £0.0% percent

Incentives

Fed, PTC

Mo cash incentives
Depreciation

Syt MACRS (Federal)
Sr MACRS (State)
Utility Rate

Mt Matering? No
Electric Load

i Clear Enable net

b

s

rOpenEl Online Utility Rate Datah
Search for rates. ..

rMet Metering

|| Enable net metering (buy=sell)

es to Flat Rate ar

app
=

Flat Rate

Flat Buy Rate

Flat Sell Rate

&

0.08 &kwh

0.05 $kwh

rFixxed Monthly Charges

Fixed Monthly Charge

m

Rate Escalation

Qut-year:

metering check box

HEFEEEEE

4

Buy s/kwh Sell £kwh
Period 1 0 0
Period 2 0 0
Period 3 0 0
Period 4 a a
0 0
Period & ] ]
Period 7 0 0
0 0
Period 3 0
rPeak Demand Charges
["]Enable Demand Charges

Jan
Feb
Mar
Apr
May
Jun
Jul

Aug
Sep
Oct
Nowv

Dec

Clear other check boxes to disable
time-of-use and tiered rates options.

HE

Feb
Mar
Apr
May
Jun
Jul

Aug
Sep
Oct
Nowv

Dec

G
HIIGIG]

MG
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9. Retail electricity rates W

% SAM 2013.1.15: untitledl

Click Search for rates to download

File Case Analysis Tools Script Help

New Wind Power Case1 X

—_— utility rates data from NREL's online
S r— - OpenEl database

»

Average annuzl wind speed: 6.6 m/s 3t 50.0 m - OpenEl Online Utility Rate Dalg
Turbine ‘\T [ Search for rates... | Gotowebsite.., Name
Turbine: ¥ W47 660, &60.0 kw .
urb ': htms OpenkEl Utility Rate Database @
Hu sight: 50.0 m
Wind Farm Tﬁ Search: oregon Available rate schedules All Schedules -
! \'- - . . .
Nameplste czpaciny: 660.0 kw City of Ashland, Oregon (Utility Company) Commerqal—ZB—ZD:l (General Service - Large Non Res!denh_al Secondary Three Phase)
B ~Met Metering——| |City of Bandon, Cregon {Utiity Company) Commerdal-28-200 {General Service - Large Mon Residential Secondary Three Phase)
Number of turhines: 1 City of Cascade Locks, Oregen (Utlity Company) —4}'—40[)[)_ﬂl_arge Gen?{al Service Selcondgry) darv) =
2 []Enable net mete| | City of Drain, Oregon (Utiity Company) Commerdal-47-3393 (Large General Service Secondary lation rate
Performance Adjustment City of Eug.g.i..gJ Oregon {Utlity Company) Commerdal-30-200 {General Service - Large Mon Residential Secondary Three Phase)
Percent of anmesl cutput: 100 % City of Forest Grove, Oregon (Utility Company) Commer;ial—B—llD TOU {Gn_aneralil Service - Small Mon Residential Secondary Three Phase)
City of Hermiston, Oregon {Utlity Company) Residential-4-201-210 (Residential Service Time-Of-Use)
Tear-toyzar decing: 0 % par yaar City of McMinnwille, Oregon (Utiity Company) Residential-4-200-20 1{Residential Service)
- City of Milton-Freewater, Oregon (Utiity Company) Commerdal-48-4000 (Large General Service Secondary)
Wind System Costs _:éj‘ 2| Time of Use Rate| |City of Monmauth, Oregc’:n (Utility Company) Cc:mmerqal-z}zuo (General Service - Sm_all Mon Residential Secondary Three Phase)
Totsh 5 1,247,400.00 City of Springfield, Oregon (Utility Company) Commercial-48-3999 (Large General Service Secondary)
- 7| Enable TOU Ratd Clearwater Power Company (Cregon)
Per Capacityt $1,830.00 par ki nanie a Columbia Rural Elec Assn, Inc (Oregon) Name
- Constellation NewEnergy, Inc (Oregon)
Financing i Buy Howell-Cregon Elec Coop, Inc s
Anshysis: 25 years o Idaho Power Co (Oregon)
- - JP Morgan (Oregon)
Debt Fraction: 60.0% parcent Period 2 Noble Americas Energy Solutions LLC (Oregon)
Incentives Oreion Trail El Cons Cooii Inc
/% Period 3 PadfiCarp (Oregor) Description
Fed. PTC 7 Surprise Valley Electrification Corp. (Oregon)
Period 4 West Oregon Electric Coop Inc
Mo cash incentives
Depreciation
51 MACRS (Federsl) Period &
i Choose a utility and rate structure from the list
utility Rate m n y ’
e e e th lick D load and ly utilit t
_ - en CliC ownioaad and apply utiity rate.
Electric Load ==
» Peak Demand Ch
Annuzl Energy: T16071 kiWh
Annaeal Beak: T30 204 kW k™ ["1Enable Demand 4| M 3 Go to rate page on OpenElorg. ..
Q E-. = » Monthly fixed dql Ready. [ Download and apply utility rate ] [ Close ] -

< | P




10. Electric load data

& 5AM 2013.1.15: untitledl
File Case Analysis

New Wind Power Case1 X

Tools  Script  Help

Select Technalogy and Market. .. ] [ Wind Power, Commercial ]

Hub height: 50.0 m
Wind Farm

Nameplate capaciny: 660.0 kW
Number of turbines: 1

Performance Adjustment

Percent of annesl cetpet: 100 %
Year-to-year decline: 0 % per year

Wind System Costs

Totzl 5 1,247,400.00
Par Capacity: $1,550.00 par kW

Financing

Anzhysis: 25 years
Debt Fraction: 60.0% percent

Incentives

Fed, PTC

No cash incentives
Depreciation

Loyt MACRS (Federal)
Sy MACRS (State)
Utility Rate

Met Metering? Mo
Electric Load

Annuzl Energy: 716071 kwh
Annuzl Pezk: 320,204 kw

Exchange Variables

{For Bxcel Bxchange and custom TRNSYS anhy.)

[ Mormalize supplied load profile to monthly util
Monthly energy usage (kWwh)

r Adjustments

Escalation 0 sgfyr

When a project uses energy from the
wind turbine to displace a building or

facility’s electric load, you must provide
SAM with data describing the hourly
load requirement.

rHourly Simulation Load Profile Data

Jan

Oct

Energy (kWwh)
53473.5
48603.2
51459.7
49960.5

53306
67179.1
92458.1

77348.7

517
549

rCalculate Load Profiles

EERE Building Technologies

Peak ()
128,105
124,805
124,905
125,805
250,562
313.604
320,204
297.4962

m

Annual Total 716071 kwh
Annual Peak 320.204 kw
[ Visualize load data. .. ]

SAM calculates the project’s net revenue

assuming that the project only sells electricity in

excess of the load.

4

m 2




10. Electric load data: Open sample load data file

= SAM 2013.1.15: untitledl
File (Casze

Analysis

Tools  Script  Help
New Wind Power Case 1 >

Select Technalogy and Market. .. ] [ Wind Power, Commercial ]

1. Click Edit Data

Hub height: 50.0 m
Wind Farm

Nameplate capaciny: 660.0 kW
Number of turbines: 1

Performance Adjustment

Percent of annesl cetpet: 100 %
Year-to-year decline: 0 % per year

Wind System Costs

Totzl 5 1,247,400.00
Par Capacity: $1,550.00 par kW

Financing

Anzhysis: 25 years
Debt Fraction: 60.0% percent

0 3. Navigate to
g C:\SAM\2013.1.15\samples\Simulate

Eacg |2

d Electric Load Data — Residential

and choose a file

The sample load files are representative residential urban loads. If you
have no other source of load data, you can choose a file and scale the

data to roughly estimate the load for your project.

(= ==
@
(O Monthly schedule | JN Edit values...
(@) User entered hourly data
Edit Data
’ Copy ] [ Paste ] [ Impart
Ch ti tep... | 9
[ chinge tme step... | 07010t ot file to import =
Avg v e z : o 42 | Scorch Simulated Eleciric Lood NIE
le Sl SAMY 2013115\ samples)Simulated Electric Load Data - Residential - | + | | Search Simulated Electric Load... 2
i 0.506 -
0.59724 Organize v MNew folder l @
MName Date medified Type Size |~
| Atlanta.xt 10/3/2011 &:25 AM  TXT File T6 K
| Chicago.bdt 10/3/2011 &25 AM  TXT File T6 K
| Denver. bt 10/3/2011 &:25 AM  TXT File T6 K
. FtWorth.bot 10/3/2011 &:25 AM  TXT File T6H
|| Helenatet 10/3/2011 &25 AM  TXT File T6H 1
| Honolulu.td 10/3/2011 &:25 AM  TXT File T6 K
| Houston.oxt 10/3/2011 &:25 AM  TXT File T6 K
| Lexingten.bd 10/3/2011 &25 AM  TXT File T6 K
| Los Angeles.tdt 10/3/2011 &:25 AM  TXT File 76 kL1




10. Electric load data: Scale sample load data lﬂr

& SAM 20131.15: untitled] =N =R ==

File Case Analysis Tools Script Help
New Wind Power Case 1 ¥

[ Wind Power, Commercial ]

Select Technalogy and Market. ..

Check the Normalize option and click Edit Type a value to scale

values to type a set of monthly scaling factors the entire data set

[T Normalize supplied load profile to monthly utiity bil data

Percent of annusl output: 100 % @ User entgyf®d hourly data

Year-to-year decline: 0 % per year

uniformly

Wind System Costs

[o—
= T
Total € 1,247,400.00 LS5 Monthly energy usage (kWwh) Edit values. ..
Par Capacity: $1,550.00 par kW
- rAdjustments
Financin g
ﬁ Escalation =2 Q0 Sofyr Scaling factor 100

Anzhysis: 25 years
Debt Fraction: 60.0% percent

Incentives o
y.
Fed. FTC F

Na cash incentives | Hourly Simulation Load Profile Data
Depreciation 0

Eneragy (kWh) Peak (kW)

Jan 53478.5 128.105

These monthly Feb 48603.2 124.805 ]
ValueS are from Her PEsT 124505 Annual Total 716071 kwh SAM dlSp|ayS the

Apr 49960.5 125.805

B the hourly data in | - scaled annual
the flle — not ul 92458:]. 320:204 | e ] ValueS here.
Scaled . szz 63025:6 311.:462

Mawv 51563 129,105

m 2




11. Run the model and review results ©
Click to view different graphs

- and tables of data

| New Wind Power Case 1 |

[ Select Technology and Market. .. ] [ Wind Power, Commercial ]
Wind Resource — View and export data: ‘] Graphs Tables e Cash Flows w Time Series
Average annual wind speed: 6.5 mis 2t 50O m =~ —
Turbine K\,«T [ Add a new graph... ] [ Edit... ] ’ Remove ] [ Remove Al ] ’ Copy Graph Data ] ’ Show Graph Data ]
Turbine: Vestas V47 660, 660.0 kW Monthly Output (Base Case) After Tax Cashflow (Base Case)
Hub height: 50.0 m 160.000F T T T T T T T T T T T o [ IS B s e e e e e e e e S B S B
r
Wind Farm _r\r\I{ L 200,000 ]
Nameplate capacity: 60,0 kW 140,000 | I I
MNumbser of turbines: 1 ! = - I i
Performance Adjustment IIIIIIIIIIIIIIIIIII
120,000 e L i
Percent of znnusl cutput: 100 % -200,000
Year-to-year decline: 0 9% per year
Wind System Costs — i 100,000F e 400,000 H -
Total: 5 3,742,200.00 =
Per Capacity: S5,670,00 per kW E 80,000 | -600,000 - B
rinenene i -800,000
60,000 e
-1,000,000 -
ﬁ. 40,000 F
-1,200,000 -
20,0001
-1,400,000 4

1,505,359 kWh

s Given our assumptions, this project has a negative
. -l net present value, and a payback period greater than
Rt EH R Sl the project life. This means we need to refine our
O assumptions!

30




12. Use parametric analysis to explore assumptions

% SAM 2013.1.15: untitled1
File Case Analysis Tools
New Wind Power Case 1 X

2 Click Parametrics

Select Technology and Market. .. ] [ Wind Power, Commercial ]

Wind Resource
Averzage annusl wind speed: 6.6 mis 2t 500 m
Turbine

Turbine: Vestas W47 660, 6600 kW
Hub height: 50.0 m

Wind Farm

Nameplate capacity: 50,0 kW
Mumber of turbines: 1

Performance Adjustment

Percent of annual output: 100 %
‘Year-to-yesr decline: 0 % per year

Wind System Costs

Totzl: £ 748,440,00
Per Capacity: $1,134,00 per kW

Financing

Anzhysis: 25 years
Dbt Fraction: £0.0% percent

Incentives

Fed, PTC

1 Click Configure
Simulations

s

m

= X

Simulator Options

A

Statistical

\5% =]

P50/PI0 Anclysis

e ¥

Sensitivity

Parametrics Multiple Subsystems Excel Exchange

Parametric Simulation Analysisd

3 Click Add Parametric Simulation

Parametric analysis allows y
range of input values, or fg
Parametric Simulation, Seff

| 4 Click Add, and choose the

Turbine Cost per kW variable
— |

[¥]Enable this simulation

’ Add Parametric Simulation ] ’ Clear All

Parametric Simulation Setup

Variables: [ [ Remave ] Selected Variable Values:

1000
2000
3000
4000
5000
2000

5 Double-click the variable name
to assign it a range of values




12. Use parametric analysis to explore assumptions %

This graph shows the relationship
e 2 Click Add a new between the net present value and

File Case Analysis Tools

New Wind Power Case 1 graph project installation cost.
Sdect Tedmalogy and Harie... To create the graph, use these options

Wind Resource

s s v e 66 s 500 I “‘““%"’“’“’m Ll =Rl in the Edit Graph window:
Turbine e ¢ Choose Simulation: Parametric Set

Turbine: Vestas W47 660, 6600 kW

g 00 S S— e X Value: {Turbine Cost per kW}
o 1 il of e Y1 Values: Net present value ($)

Mumber of turbines: 1

Performance Adjustment -500,000F

Percent of annual output: 100 %
‘Year-to-yesr decline: 0 % per year

Wind System Costs — -1,000,000-
Totzl 5 748,440.00 ‘:t:_'-'j =
Per Capacity: $1,134,00 per kW
-1,500,000
-2,000,000F

Incentives
a -
-l l] _2,500,000 F
- = >

Annual Energy 1,505,359 kivh
LCOE Mominal 3.87 ¢fkWh

| COE Real 3.04 ¢/kWh
[Total revenue without system (S) £-57,285.43

Turbine Cost per KWFLbITe Cost per KWFRbIte Cost per KWFEBDITe Cost per kKWW Fdiblle Cost per KWHSbITe Cost per KW=6000

After Tax Cashflow (Base LCOE ws. Turbine Cost per  Annual Output vs. Turbine Monthly Output [Base Casc After Tax Cashflow (Base Annual Output (Base Case

N m
o

[Total revenue with system (5) £ 29,963,438 R TTTT 7 wf T T T T e I e NI R

First Year Net Revenue $87,249.17 - z - z

Met present value () £ 179,456, 75 “LO00.000 = 7 | -200,000 b

Payback {years) 7.85823 years e ———— - [ R eeem— prr— P —
Windfarm Capacity (kw) 660,00 kw Turbine Cozt par KW Turbine Cozt per KW

Capacty Factor 25.0 %

32




Modeling Wind Systems in SAM

Example 2: Modeling a Wind
Farm

National Renewable Energy Laboratory Innovation for Our Energy Future



Basic Assumptions

Project site in South Eastern Wyoming
30 GE 1.5MW turbines on 80m towers

Farm to provide power to the grid with a
negotiated PPA price of $80/MWh,

additional 10% ($88/MWh) during peak  [Frgsa assumptions
periods in the summer are not for a real
Total installation cost is $2,093/kW project!
_ _ We made up the
Operating and maintenance costs are costs and electricity
$50/KW-yr prices for
Project will be started in time to take dﬁ:”ggzgat'on
advantage of the 2.2 cent/kWh Federal e

production tax credit

Will the project meet internal goal of 12%
IRR? .



1. Choose a performance and financial model ©

1. Select a technology: 2. Salect a financing option:
Photovoltaics i Residential
Direct conwersion of sunlight to electricity using solar cells. f Project cash flow 5 basad on value of avoided retsil electricity
[ ] ~ = c - - : s WS = s
'I! purchases, SAM caloulates project LCOE, NPV, and payback
= pEnad,
Concentrating Solar Power Commercial
CSP systems use mimors or lenses to fooues sunlight to generate 2 Project owmned by commencizl entity that buys and salls electricity
neal Sounne :D' COMYERDoNE Type pOWer Diant. al netaill rates. p'D‘B__. L=y :'D'.‘.' 5 Dased On Yake D: SOy

purchases offsst by the renewable enargy system and
depreciation tax benefit. SAM calulates project LCOE, NPV, and

Generic System payhack paricd,
The simplest plant model that uses a nameplate size and capadity Commercial PPA
SIS ST USS SuppEs prasuemen prenE. Project developed and owned by single entity that sells electricity
2t price negotisted through power punchase agreement (PPA).
Solar Water Heating E.ﬁ._M caloulates project LCOE, NP'E-'. and can either caloulate
Represants 2 simple flat plate closed-loop ghyool water heating project PPA price based on target IRR that you specify as input,
system with electric auwdliany. or caboulate project IRR based om PPA price you specify,
| Utility Independent Power Producer (IPP)
Project developed and owned by single entity that selks elecricity
. Wind Power i ) _ at price negotiated through power punchase agreement (PPA).
T An hourhy model meant to simulate wind power production from SAM caloulates project LOOE, NPV, and can either caloulate
" | single turbine installations to a full scale wind farm providing power project PPA price based on tanget TRR. that you spedify as input,
to the electricity grid. or caloulate project IRR based om PPA price you spedify. You akso

specihy debt fraction as input. This option 5 a simple version of the
1 Geothermal ) Single Crwner optian,
Geothermal systems eatract hast energy from the relatively large . N
hesat content of the sarth for conventional power cydes, Adva "Gﬁdrunﬁt" IPF Options i
Adwanced financial models appropriate for utility scale power
generation projects,

Biomass Power

Conwersion of biomass feedstocks into ey,

Choose a financial model: Click Utility
Independent Power Producer (IPP)
for a project that sells electricity at a

price negotiated through a power
purchase agreement

model: Click Wind Power for
a wind project




Wind Power — Utility IPP Model Inputs w

Wind Resource:Hourly wind resource data for one year

Turbine: Choose a turbine, or for advanced studies, specify
turbine characteristics
Wind Farm: Turbine layout

Performance Adjustments:

Curtailment and availability factors (optional)
Wind System Costs:

Installation and operating costs

Financing: Project debt, tax rates, and other financial
parameters

Time of Delivery Factors:

Adjust the PPA price by time of day and month of
the year

Incentives: Federal, state, local and other incentives

Depreciation: Federal and state accelerated depreciation
(Commercial Only)

National Renewable Energy Laboratory

Innovation for Our Energy Future



2. Choose wind resource data L~

w 5AM 2013.5.26:\

File Case Analysis Tools 5Script Help

Al

Webinar Example Project

Power Producer ] o
D0OSE
@, esource by Location -
a . a = ~ . the Wind Resource by Choosing a Weather File
LA
locations by name: Location Lockup. .. ]
a a a
. . C CNorthern-Flat Lands.srw -

/OR Ngrthwestern-Ocean. srw

Performance Adjustment e h) SAMUT SouthwesternWyat Lands.srw
SAMVA Eastern-Ocean. Mg |
Pescent of annual output: 100 % SAMMWA Central-Rolling HiM\grg

SAMMWY MNortheastern-RollingNllls. srw

m

Yaar-to-year decline: 0 % per year

SAMWY Southern-Flat Lands.srw

Wind System Costs i
WpsfiHome \Documents\Magic Briefcase \consulting_projects\MREL \wind\Adding wake model _

Totsl $ 54,185,000.00

4| i | b -
Par Capacity: $2,093.00 par kW for det;
Financing ﬁ Data source  Location Lookup: hittp: /fmapsdb.nrel. govfwwis/data?lat=41. 14&lon= f .828&year=2006
Anzhysis: 25 years Latitude 41.175 deg
Solution mode: Specify IRR Tanget )
Longitude -104.825 deg ( Folder Settings... |
Time of Delivery Factors =
v Elevation 1868.07 m [ Refresh list ]
Custom y h
City Cheyenne [ Copy to project ]
Incentives
f/ / State WY Remove from project
Fed, PTC :

Mo cash incentives

Depreciation o o T
U U Al ld C OCaltid 010 [J U
U

E-wr MACRS (Federz)
Sy MACRS (State)

Exchange Variables

{For Excel Exchange and custom
C cU Uac




3. Choose a wind turbine @

Eile Case Analysis Tools Script Help
Webinar Example Project

’ Select Technology and Market. .. ] [ Wind Power, Independent Power Preducer ]

Wind Resource

Average anmsl wind speed: 7.2 m/s 2t 0.0 m ~Wind Turbine

Turbine 3 @) Select a turbine from the list ISAMPNind Turbine Library/(GE 1.54

Turhine: GE 1,55k, 1500.0 kW () Define the turbine characteristics below
Hub height: 80.0 m
User Defined Rated Output 1500 (kw Rated Output 1500 kw

. o
WWind Farm T User Defined Rotor Diameter 75 \m Rotor Diameter 7 m C h O O Se a tu rb I n e

MNameplate capacity: 45000.0 kW
Mumber of urbines: 30

Max Cp GE 1.5sle: 1500.0 kw, f h I I
Performance Adjustment T - T rof ro m t e ISt

Max Tip Speed :

Percent of annusl outputs 100 % Max Tip Speed Ratio

Yaar-to-year decline: 0 9% per year

Cut-n Wind Speed
Wind System Costs

Cut-out Wind Speed
Total: 5 94,185,000.00

Per Capacity: $2.083.00 per kW Drive Train Design | 3 Stage Planetary
Financing Blade Design | Bassline
Anahysis: 25 years Tower Design |Baseline

Solution mode: Specify IRR Target

Turbine Output (k)

Hub Height
Time of Delivery Factors

Shear Coeffg
Custom
Incentives

Fed, FTC

R 1
Ma cash incentives 20 25

Depreciation Wind Speed (m/s)

siwebeell Enter the turbine’s hub height

Soyr MACRS (State)

S — (tower height)

{For Bxcel Bxchange and o

=




. Layout the farm

(& SAM 20135.20: \psAHome\

File (Caze

Analysis  Tools  Script Help

Webinar Example Project

[ Select Technology and Market. .. ] [ Wind Power, Independent Power Producer ]

Wind Resource

Average annuzl wind speed: 7.2 m/s 2t 80.0 m

Turbine ‘\’T
Tuwbine! GE 1.5ske, 1500.0 kW
Hub height: 0.0 m

Wind Farm

Nameplate capaciny: 45000.0 kW
Number of turbines: 30

Performance Adjustment

Parcent of anmuesl output: 100 5

Year-to-yesr decline: 0 Sl r

Check the Use
more than one
turbine to enable
the farm layout
controls

E-yr MACRS (Federal)
Sy MACRS (State)

Exchange Variables

@&

{For Excel Exchange and customn TRNSYS onhy.)

r System Size

Use more than one wind turbine

Mumber of Turbines 30

System Nameplate Capacity 45000 kw

> G
r Turbine Layout

Shape [Square J Rectangle [ Parallelogram -

Turbines per Row 10

Mumber of Rows 3
Turbines in Layout 30

Turbine Spacing 500 m

Row Spacing 750 m

Offset for Rows -5500 m

o
Row Orientation 80 deg g

0

Wind Farm Losses

0 %%

Turbulence Coeffident 0.1

Wake Model |Pat Quinlan Model -

]

*
WaidinE

r

-2,000 -

44,000 -

Grid showing

Turbine Layout
T T

the layout of the
turbines

I I
-2,000 o

1 1 1 1 1 1
2,000 4,000 &,000 5,000 10,000 12,000
meters

The SAM wind farm model uses the turbine
layout to account for turbine wake losses.

The Wind Farm Losses input is for other
losses (e.qg. electrical).




5. Use performance adjustments for outages ~

[ SAM 20135.29; \pshHome

File Case Analysis Tools Script Help
Webinar Example Project

[SelectTe::hrwl::»g\-I and Market. .. ] [ Wind Power, Independent Power Prod 1

Wind Resource

Average anmezl wind speed: 7.2 mis 2t 80.0 m rSystem Output Adjust t:

Turbine 3

= Percent of annual output i |
Turbine: GE 1.5ske, 1500.0 kW o fvsiuo |
Hub height: 80.0 m Year-to-year dedine in output

100 %o
0% (compounded annually)

Wind Farm

Mameplate capaciny: 450000 kW
MNumber of turbines: 30

Performance Adjustment
Percent of anmuzl output: 100 %
Year-to-year decline: 0 9% per year 12am |1am |Zam |3am |4am |5am |6am |}'am |Bam |9am |10am |11am |12pm |1pm |2pm |3pm |4pm |5pm |6pm |?pm |Bpm |9pm |10pm |11pm |
Jan |1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Hourly Factors (24-hour profile for each month) 0=No Output, 1=Ful Cutput 0

Wind System Costs

Feb |1 1 1 1 1 1 1 1 1 1 1
Mar |1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1

Torzl: 5 54,185,000.00
Per Capacity: $2,053.00 par kW

1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1

Financing

o ety o If you expect the project to experience forced or

e gz scheduled outages due to curtailment, maintenance, or
neenves Zllc other factors, you can estimate their impact on the

Fed. FTC

Mo cash incentives

— — [ turbine’s output here.

Syt MACRS (Federal)
Syr MACRS (State)

Exchange Variables

{For Excel Exchange and custom TRNSYS onhy.)




6. Project installation and operating costs

File
Webinar Example Project > bl

Lase  Analysis Tools Script  Help

Select Technology and Market. .. ] [ Wind Power, Independent Power Producer ] o

Wind Resource

Average snnuzl wind spead: 7.2 mis 2t 0.0 m rNREL Capital Cost Model

Turbine Automatically estimate land based costs

Turbine: GE 155k, 15000 kW
Hub height: 0.0 m

Wind Farm r\r\l(\

Nameplate capadity: 45000.0 kW

@) Land based installation

() shallow offshore installation (< 30m)

r Direct Capital Costs
Number of turbines: 30

Wind Farm Capadty 45000 MNumber of Turbines 30 Total
Performance Adjustment Turbine Cost 1212 §fkw $0.00 & 1,318,000.00 & 54,540,000.00
ercent of annual outpus: 100 % Foundations 57 §fkw $0,00 0 §/turbine §2,565,000,00
Yazr-toyesr dacine: 0 % per year
Electrical Infrastructure 154 &k £0.00 0 §fturbine £6,930,000.00

Wind System Costs

Contingency Cost 0% %% £0.00
Total: $ 94,185,000.00
Per Capacity: $2,093.00 par kW Total Direct Cost & 64,035,000.00
Financing
Analysis: 25 years Wind Farm Capacity 0
Solution mode: =
Fixed Cost % of Direct Cost Total

Time of Deli

50,00 0% % 1,080,000.00
Custom

£0.00 0% $ 20,790,000.00

Incentives
£0.00 0% £3,280,000.00

Fed, PTC

Mo cash incentives Ports, Staging, Scour, etc, (offshore farms) 0 gk 0% £0.00
Depreciation Sales Tax of 5% applies to oeggf Direct Cost £0.00
Syt MACRS (Feders)

Sayr MACRS (State) Ll Indirect Cost & 30,150,000.00

Exchange Variables

@

{For Excel Exchange and custom TRNSYS only.) “Total lled Costs

Total Installed Cost 94,185,000.00
Total Installed Cost per Capadity ($/kwW) §2,093.00
O & M costs -
First Year Cost Escalation Rate (above inflation)

Fixed Annual Co: 0.00 §fyr 0%

Fixed Cost by Capacity =
Variable Cost by Generation = 0.00 gMwh 0%

50.00 §fkil-yr 0%




7. Project debt and financial parameters

FEile
Webinar Example Project >

Case Analysis Tools Script Help

Select Technology and Market. .. ] [ Wind Power, Independ Power Prod

Wind Resource

Solution Mode

Average anmezl wind speed: 7.2 mis 2t 800 m

Turbine (") Specify IRR Target

| Specify PPA Price

Turbine: GE 1.5sle, 1500.0 kW
Hub height: £0.0 m

Wind Farm

Choose to specify the PPA price and

find out what the IRR will

Wind Syste nsts reeonsrant, rego

Total: $ 54,185,000.00
Per Capacity: $2,093.00 per kW

Financing

be.

3 pO=Ive Cas

Financial Optimization

o

Allow 5AM to pick debt fraction to minimize LCOE

Allow SAM to pick PPA escalation rate to minimize LCOE

Specify PPA Price

10 |2 PPA Price L= ] 0.08 gfkwh

PPA Escalation Rate 1 fyr

Input the PPA price

Anzhysis: 25 years

Solution mode: Specify PPA Price Loan P: t

Custom

Mo cash incentives

Time of Delivery Factors Debt Fraction

Incentives % Loan Term
Fed. PTC o Loan Rate

50 o

20 years Principal Amount & 48,034,350.00

7 Sfyear WACC 712 o

Installed Cost ~ $94,185,000.00

Construction Financing Cost £ 1,883,700.00

Depreciation

Loyr MACRS (Federsl)
Syt MACRS (State)

Analysis Period

25 years Inflation Rate 2.50 %jyear

Real Discount Rate 8.20 ®gfyear

Mominal Discount Rate 10,90 %% fyear

Exchange Variables @

(For Bxnsl Exchangs 2nd custom TRNSYS onfy.) ' rTax and Rates
Federal Income Tax Rate

State Income Tax Rate

Sales Tax

Insurance Rate (Annual)

35.00 %qfyear Property Tax

7.00 %%jyear

0.50 =% of installed cost Property Tax 0.00 %gjfyear

Assessed Percent 100.00 % of installed cost

Assessed Value  $94,185,000.00

% of installed cost Annual Dedine 0.00 %gjfyear

cah

val
Value

End of Analysis Period Value

Met Salvage Value 0.00 =% ofinstalled cost

|—Cnnstruct'|nn Fil ing

PR R U -

< |




8. Time of Delivery Factors W

File Case Analysis Teools Script Help
‘Webinar Example Project >

’ Select Technology and Market. .. ] [ Wind Power, Independent Power Producer ]

Wind Resource

A verage annual wind speed: 7.2 mis 2t 800 m rEnergy Dispatch Schedule

Turbine WY Current dispatch schedule: No library match.

Turbinet GE 1.5ske, 1500.0 kW rWeekday Schedule
Hub height: 80.0 m

am
M

Wind Farm

Ch

MNameplate capacity: 450000 kW
Mumber of wrbines: 30

Performance Adjustment

Pescent of znnuesl cutpet: 100 %

‘fear-to-year decling: 0 % per year

Payment

Wind System Costs
Allocation

Totzl: £ 94,185, 000.00 Factor
Per Czpacity: £2,093.00 per kW

e e e e[y
DI IGIE T
SIS

b | [ | || || | [ |
L g e e e e e
e e e

I
A A e
e e e
e e
I
I
I
I
I
I
I
I
A A e

Fi .
inancing Period 2:

Anzhysis: 25 vears
Salution mode: Specify PPA Price

Period 3:

[~
3

Period 4:
Time of Delivery Factors

Custom

Period &:

B 3 am
e EE T
BEE 1 2pim

Incentives

Fed. PTC

Mo cash incentives

Depreciation

Sy MACRS (Federzl)
Seyr MACRS (State)

Exchange Variables @

HEE R T
SRR
R e e e e
e 5
S A N e
S A N N o
I e
SRR
] O
R R R R R e e

(For Excel Exchange and custom TRNSYS anhy.)




9. Incentives &

File Case Analysis Tools Script Help
Webinar Example Project

’ Select Technology and Market. .. ] [ Wind Power, Independent Power Producer ]

‘Wind Resource

e oot 720 ST Ol tcentves Dtabase Use the default value for the Federal
Turbine X | [ Download incentives... ] Go to websits prOd uction tax Credlt (PTC)

Turbine: GE 1.5ske, 1500.0 kW
Hub height: 80,0 m

rInvestment Tax Credit (ITC) r Production Tax Credit
‘Wind Farm o Reduces Depreciation Basis

Nameplate capacity: 45000.0 kW Amount Federal State Term Escalation

Number of turbines: 30 50 Federsl = 0022 sfkih 10 years 2.5%
Performance Adjustment 50 state =W g gk 10 years 2.5%

Parcent of | output: 100 %

snnusl output Percentage Maximum
Wear-to-year decline: 0 96 par year
Federal 0 % £ 1e+099
Wind System Costs

State 0% S le+099

Totzl: 5 94,185, 000,00
Par Capacity: $2,053.00 per kW

rInvestment Based Incentive (IBI)
Financing Taxable Incentive Reduces Depreciation and ITC Bases

Anzhysis: 25 years Amount Federal State Federal State

Solution mode: Specify PPA Price Federal S0

Time of Delivery Factors State €0

Utlity 50

EEEE
B EEE

Other %0
Fed. PTC
No cash incentives

Percentage Maximum
Federal 0 % £ 1e+099
Depreciation
State 0% £ 1le+099
Eeyr MACRS (Federa])

Sayr MACRS (Stats)
Exchange Variables Other 0% § 1e+099

Utility 0 % 5 1e+099

EEEE
HEEE

{For Excel Exchange and custom TRNSYS onhy.) . rCapacity Based Incentive (CBI)

Taxable Incentive Reduces Depreciation and ITC Bases
Amount Maximum Federal State Federal State

0 s § 124099 o 1




10. Depreciation ’b

File Case Analysis Tools Script Help
Webinar Example Project <

’ Select Technology and Market. .. ] [ Wind Power, Independent Power Producer ]

Wind Resource

Awerage anmual wind speed: 7.2 m/s 3t 800 m r Depreciation

Turbine Wy Federal
Turbine: GE 1.5ske, 1500.0 kW

() No Deprecdiation () No Depredation
Hub height: 80.0 m

© 5-yr MACRS ) 547 MACRS
(©) Straight Line 7 years () Straight Line 7 years

Mameplate capaciny: 450000 kW percentages () Custom

Number of turbines: 30

Wind Farm

Performance Adjustment

Percent of annual output: 100 %

‘Year-to-year decline: 0 % per year

Wind System Costs

Taak s ssas 0 Use the default 5-yr MACRS for a

Per Capacity: $2,093.00 per kW

commercial entity

Anzhysis: 25 years
Sohtion mode: Specify PPA Price

Time of Delivery Factors

Custom

Fed, PTC

Mo cash incentives
Depreciation

Sy MACRS (Federal)
547 MACRS (State)
Exchange Variables

{For Bxcel Bxchange and custom TRMSYS onby,)




11. Run the model and review results "~

A complete cash flow
analysis is available

Select Technology and Market... ] [ wind Power, Independent Power Producer ] /_____,

[ SAM 2012.5.29: \psh|
File Case Analysis Toels Script Help
‘Webinar Example Project ]

s

Wind Resource — View and export data: h Graphs Tables 6 Cash Flows ime Series
- - -

Average annuzl wind speed: 7.2 m/s at BD.Om

Turbine

Turbine: GE 1.5ske, 1500.0 kW
Hub height: 80.0 m

Wind Farm

Nameplats capaciny: 45000.0 kW
Number of wrbines: 30

Performance Adjustment

Percent of znnual cutput: 100 %6
Year-to-year decline: 0 9% per year

Wind System Costs

Total: S 54,185,000.00
Par Capacity: $2,083.00 par kW

Financing

Click Run

[
=

Metric
Annual Energy
PPA price
LCOE Mominal
LCOE Real
Internal rate of return (3%)
Minimum DSCR.
Met present value ()
Calculated ppa escalation (%)
Calculated debt fraction (®g)
Windfarm Capadty (MW)
Capacity Factor

| Approximate land use (m~2)

u

Base

120,118,568 kWh
8.00 ¢/kWh
8.61 ¢/kwh
5.95 ¢/kWh
14,11 %

1.52
£6,041,569.00
1,00 %

50,00 %

45,00 MW

30,5 %

71000.0

[Addanewgraph... ” Edit...

] [ Remave ] ’ Remave Al ] [ Copy Graph Data ] ’ Show Graph Data ]

Monthly Output (Base Case)

After Tax Cashflow (Base Case)

16,000,000

14,000,000

12,000,000

10,000,000
=

= 8,000,000

6,000,000

4,000,000

2,000,000

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Mov Dec

10,000,000

-10,000,000

-20,000,000

-30,000,000 -

-40,000,000

-50,000,000 PR SRR S S ST R S R R SR

01234567 8010111213141516171819202122232425

Given the assumptions, this project IRR a little over

14%, and a net present value just over $6M

L] .
0 0
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Additional Topics — Data Viewer ®

PDF of Speed 100m

14
Diurnal Profile Diurnal Profile Diurnal Profile
. n 1 F 1 Annual
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lO_\V \J 10_ r 4 \ 10_ ]
8] o % SRRl BaSied — =107

] N S

6 6 6 >

1 (8]

] c

4 4 4 g

0 6 12 18 24 0 6 12 18 24 0 6 12 18 24 g

L

5 10 15 20 25
wr T Speed 100m (m/s)

£ ) SAM comes with an hourly data viewer, which
] allows for many advanced views of the wind
resource data. The viewer is accessed by

5 e s e e e clicking the “View hourly data...” button on the
T eieeiaoonen Wind Resource page
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Additional Topics — Simulations ®

Most advanced modeling techniques are accessed
through the “Analysis” menu, or the “Configure
Simulations” button on the bottom left

File Case Analysis Tools Script Help
My project

eil

Select Technology and Market. .. [ Wind Power, Ind dent Power Prodi

1
Wind Resource T ¥ L3 oo (<

Average anmuzl wind speed: 7.2 mis 3t B0.0 m
Parametrics Sensitivity Statistical Multiple Subsystems P50/Pa0 Analysis Excel Exchange
Turbine i\"T

Turhinet Vestas V90-1.B, 1800.0 kw

Parametric Simulation Analysis Overview

- Parametric analysis allows you to assign multiple values to one or more input variables to create graphs showing ho
Hub height: 80.0 m range of input values, or for optimization to find the value of an input that maximizes or minimizes a result of intere:
Wind Farm Parametric Simulation. See Help for details.

m

Nameplate capaciny: S7500.0 kW
Mumber of turbines: 32

MNote:

: Use 1 for the maximum number of computational threads unless simulations take a long time to run,

Performance Adjustment [ Add Parametric Simulation ] [ Clear Al

Percant of annusl cutper: 100 %

Year-to-year decline: 0 % per year
Wind System Costs

Totzl: 5 120,556,800.00
Per Capacity: 52,093.00 per kW

Configure

Anzhysis: 25 years

S|mu|a’[|0ns Salution made: Spacify IRR Targst

-
button




Additional Topics - Uncertainty ©

Graphic outputs
from uncertainty
modeling in SAM

Annual Dutput (kwh)

Cost by capacity=1800 (+/- 109&)

Fired Cost by Capacity=50 (+/- 105&)

Feal Discount Rate=7 [+ 10%)

Installation Cost per turbine=15000 (+- 10%)

Real LCOE

70,000,000 T T T T T T T T T T T T T T T T T T T T T T T T T T T
68,000,000 —
66,000,000 7 -
I &nnual Energy (kiwh) {Wwind Data File=5aM/cheyenne wy_2005, swrfl
[ annual Energy (kiwh) {wind Data File=5aM/laramis wy_2005, swrfl
64,000,000 |- [ annual Eneray (kwh) {wind Data File=5aM]lvman wy_2005,swrfk |
o [l rnual Energy (kiwh) {wind Daka File=SaM/santa fe nm_2005, swrfl
[ Annual Energy (kih) {4ind Daka File=SAM}wasco or_2005, swrf}
[l &rnual Energy (kwh) {wind Data File=C:\Documents and Settings) AdministratorjSAMWEuma co_2006, swrfk
62,000,000 -
£0,000,000 (- N
=
=
=
58,000,000 [ .
56,000,000 .
54,000,000 —
52,000,000 [ -
50,000,000 -
42,000,000 [ T T N TN N T NN S N TN N TN N TN NN TN NN (NN TN N N SN TN SN T SN NN SO NN NN N S

1
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Additional Topics - Other

Excel Exchange
— Use Excel to calculate values of SAM inputs
— Set up SAM to read input values from cells in an Excel worksheet

SamUL Scripting Language

— Write a script in the SAM user interface to set values of inputs, run
simulations, and read results

— Read and write data from text files
— Automate complex or repetitive analysis tasks

Software Development Kit (SDK)

— For programmers: Use the SAM API with your applications written
in C/C+, Python, Java, or MATLAB

— Libraries available for Windows, OS X, and Linux

— See https://[sam.nrel.gov/content/sam-simulation-core-sdk for
details




Thank You! 1~

Thank you for your time

National Renewable Energy Laboratory
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