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Modeling Biopower Projects with SAM

INTRODUCTION TO SAM

National Renewable Energy Laboratory Innovation for Our Energy Future



What is SAM? L~

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, geothermal, and biomass power
systems in a single application

« Evaluate and compare options using consistent models
across technologies

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

* Present modeling results in graphs and tables

« Perform parametric and uncertainty analyses
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Technologies & Markets @

Photovoltaics « Residential, commercial, and
utility-scale projects

Concentrating Solar Power

Parabolic Troughs _ _
Power Towers  Installation and operating costs

Linear Fresnel
Dish-Stirling

« Tax credit and payment
« Solar Water Heating Incentives

. . . f . A
Wind turbines and farms « Complex electric utility rates

« Geothermal power plants

« Biomass power plants Key outputs
Key outputs « Levelized Cost of Electricity
| (LCOE)
* Hourly energy production (kWh) « Payback
»  Capacity factor « Net present value
- Efficiency - Multi-year cash flow 6

National Renewable Energy Laboratory Innovation for Our Energy Future



Background @
ENERGY LiNREL ()

MATIONAL REMEWABLE ENERGY LABORATORY

Laboratories

Developed by the Department of Energy, National
Renewable Energy Laboratory, and Sandia National
Laboratories

Vision
— Model different renewable energy projects in a single

platform

— Facilitate technology comparison by handling performance,
costs and financing consistently across technologies

— Make high-quality performance models developed by NREL,
Sandia, and other partners available to the public
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Users and Applications

Feasibility studies

— Project developers, Federal Energy
Management Program

Use as benchmark for other models
— System integrators and utilities

Research projects
— Universities and engineering firms

Plant acceptance testing for parabolic trough
systems

Evaluate technology research opportunities and
grant proposals

— Department of Energy

National Renewable Energy Laboratory

35,000+ Downloads

Manufacturers
Engineering Firms
Consultants
Developers
Venture Capitalists
Policy Analysts
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Current Development Team @

Management Geothermal

— Nate Blair, NREL — Chad Augustine, NREL
Programming Concentrating Solar

— Aron Dobos, NREL Power

— Steven Janzou, NREL* — Mark Mehos, NREL

— Tom Ferguson, NREL* — Craig Turchi, NREL
Documentation and User — Ty Neises, NREL
Support — Mike Wagner, NREL

— Paul Gilman, NREL* Water Heating

PV Model Validation — Jay Burch, NREL

_ Clifford Hansen, Sandia — Craig Christensen, NREL
Biopower Financial Modeling

— Jennie Jorgenson, NREL — Mike Mendelsohn, NREL

* Contractors 9

National Renewable Energy Laboratory Innovation for Our Energy Future



Downloading SAM @

http://sam.nrel.gov
1) Register 2) Complete registration form 3) Download

Login | Register

_}‘ NREL System Advisor Model (SAM)

DOWNLOADS SUPPORT FORUM LEARNING RESOURCES CONTACT US MY ACCOUNT
Downloads SAM Downloads
Current Official Release Login or Register to download
The current version of System Advisor Model (SAM) is Version 2011.12.2. ST LT T ey VR S T
Mac 05 X

To download the installation file for the current version, log on to the website, and click the link
for the Windows or Mac version in the SAM Downloads box that appears at the top right of this

page.
After installing SAM, please install any updates by starting SAM and clicking Check for Updates on

the Help menu:

- [Heg]

Help Contents Fl *

User Suppost
Brlmacs Minkec
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Getting Help

Online Help

— Help menu and buttons

Support Forum
— http://sam.nrel.gov

‘.l NR EL System Advisor Model (SAM)

HOME DOWNLOADS SUPPORT FO

LEARNING RESOURCES

How to enter residential cost without financing for
payback analysis?
I've just started using, I'm a bit confused how best to enter if customer is not financing (i.e no
loan), but will be getting back (for St. Louis) $2 per watt incentive (paid within 30 days as a

direct rebate) and the Federal tax credit of 30 percent (plus they may be eligible for SRECs at
550, if funds available from local utility, Ameren UE).

I must have done something wrong, I'd like to see time to payback graph?

Thanks

# System Advisor Model Help

[=[8] = ]

SAM Help

Contents || Search

< Developer Fee/Costs Linear Fresnel Model Reference Manual »

Support Forum  Financing and Incentives

i Login or (] register to post comments 122 reads ShareThis

Wow, thank you thank you for

Wow, thank you thank you for such detailed responses! I am very grateful, will have to digest all
the above.

I hope that some of this will help other users also.

Typically all the load data we can easily get for residential is the actual total kwH per month from

Fhe okiliby Amaranle alea chauee Hha siraraan meanbshe Fameme e boes

° About SAM
El General Reference
E
The Main Window
* Manage Cases
* Review and Modify Inputs
* Run Simulations

Review Results
® Get Help
Work with Notes
File Formats
Menus
® Convert from Version 3.0
Waorking with Numeric Ranges
* Technology and Market Window
Input Page Reference
Configuring Simulations
Results
* Viewing Graphs of Time Series Data
(DView)
Advanced Topics
" References

© 2010 National Renewable Energy
Laboratory

Start a Project '} (%]

When you start SAM, it displays a Welcome window with three
options for starting a project.

Start from a sample file creates a project file that contains a
complete set of inputs and results. Each sample file demonstrates
either a feature of the software or one of the technologies.

Start a new project displays the Technology and Market window
where you choose options for a new project file. When you start a
new project in this way, all of the variables on the input pages are
populated with default values, but no results are displayed on the
Results page until you configure and run simulations.

0Open a recent file allows you to choose from a list of project files.
The list contains project files that were saved during previous SAM
sessions.

Sample Files

Sample files are a good place to start when you are first learning
SAM. Each sample file contains a set of cases that demonstrate how
to model different types of projects.

When you open a sample file, SAM creates a new project file with
the .zsam extension using the name of the sample file.

SAM displays the software version and the project file name in the
main window's title bar.

MNote. When you install SAM, it creates the SAM
Projects folder in your default documents folder and
uses this as the default location for storing project
files. You can change the default project file location
by clicking Preferences in the File Menu.

To open a sample file:

1. On the Welcome page, scroll through the list of sample files,
and double-click the file name for a system or analysis
example.

Start from a sample file
= SampleFiles

Combined Multiple PV Systems Example

= Custom HTF Example

= Excel Sample

= PV Battery Storage Sample

== DU Chadina Fvamnle
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Simulating Biopower Systems in SAM

Biomass combustion
for electricity
generation

— Feedstock handling

— Combustion system

— Steam Rankine power
cycle

— Parasitic loads

SAM does not model:

— Gasification
— Anerobic digestion

+ Flue gas

Steam

Biomass Receiving
feedstocks & Storage

Turbine Electricity

Furnace/Boiler
{Combustor)

Treatment

Process water
Combustion air  Boiler blow-down make-up




Parametric and Uncertainty Analysis w
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Other Advanced Features )

Excel Exchange

— SAM has the capability to send values to, and receive values from
an Excel spreadsheet when running in Windows

— Costs can be calculated externally based on SAM inputs, then the
costs can be automatically updated on SAM'’s cost input page
Scripting — SamUL
— A language, similar to VBA, that allows a user to control SAM runs
— Easier than using the full API, since no external development
environment is necessary
API
— SAM has a full featured Application Programming Interface

— SAM will generate example code in C, VBA, Phython, and Matlab
to show how to run a SAM analysis

See help and sample files for more information

14
D



Modeling Biopower Projects with SAM

SETTING UP THE SAM FILE
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Welcome Page

Click “Create a new file...” button to create a case and
choose the technology option and financing option

© sAM 2011.5.4

File Case Results Simulations Dewveloper Help

LINREL

NATIOMAL RENEWABLE ENEMGY LABORATORY

Enter a new project name to begin

My project | [ Create anew file, )

The default input walues are inkended to ilustrate System Advisor's use,
data are meant to be realistic, but not ta represent values For a specific
project, Input walues will vary depending on the market, technology and
geographic lacation. Mew developments, policy changes, and price walatilit
mean that default values may be out of date or inappropriake, Before using
results, be sure ta review allinputs and determine whether they are
appropriake for wour analysis,

Additional resources for getting started with SAM

A
Open a sample S&M file. ..
e bl

r “ Follaw the discussion at the SAM Google Group...

6 Browse the online help system. ..

Open a recent file

Welcome to SAM 2011

Mews from the SAM team @ NREL

13 May 2011: ivhare are the sampis fies? For Sam
2011.5.4, we decided to rernove some of the sample files
orm the list available on the File menu because opening a
= file is effectively the same as creating a new case.
ple files did not show the full range of technologies
ncing options you can model in SAM, By starting

a sample file, many people were not aware of the full
ge of options in SaM. When you create a new case or
ile, you see all of the available options.

To get started in Sal, click Create Mew File, and then
choose a technology and financing option appropriate for
your analysis.

For more on this subject, see the SaM forum topic,

4 vlay 2011: The SaM team is pleased to announce the
official release of SaM 2011.5.4, This latest version of SaM
includes nesw financial models for wtility-scale power
projects, MREL partnered with a financial consulting firm to
develop models for leveraged partnership flip, all equity

|

I1.psf {Home /Documents] _hourly_geothermal_test.zsam
11 .psf{Home/Documents/test_geotherm_co-pro.zsam




Choose a performance and financing model

1) Under “Select a technology,” click “Biomass Power.”
2) Under “Select a financing option,” click an option.

1. Select a technology:

Photovoltaics
Direct conversion of sunlight to electricity using solar cells,

il Concentrating Solar Power
CSP systems wse mimors or kenses to foous sunlight to genera
heat source for conventionzl type power plant,

Generic System
The simplest plant model that uses 2 nameplste &
factor or user supplied production profile,

Solar Water Heating
Represents a simple flat plate closed-loop ghyool water heating
system with electric awiliary,

. Wind
Tﬂ( Wind systems capture encrgy from blowing wind to nurn the
: \ blades of 2 windmill or turbine,
== Geothermal
B Geotherma! systems extract hest enengy from the relstively largs
heat content of the earth for conventionz] power opdes,

Biomass Power
¥ Conversion of biomass feedstocks into electricity,

Reset new inputs to Tech/Market-specific default values

2. Select a financing option:

Commercial
A project installed on 2 commencial building that buys and sells
electricity at retail rates and qualifies for the acoelerated
deprexiation tax benefit. The project cash flow is based on the
walue of electricity punchases offset by the renewable enengy
system. SAM caloulates the project LCOE, NPV, and payback
period,

Commercial PPA
A profect developed and owned by 2 single entity that sells
electricity at a price negotisted through a power purchass
agreement (PPA), You specify a target IRR with options for
optimizing the debt fraction and PPA price escalation rate to
minimize the PPA price, SAM caloulates the project PPA price,
IRR, and NPV, This option is the same a5 the Commercial Third
Party option in okder versions of SAM.

Utility Independent Power Producer (IPFP)
A power genaration project developed and owned by 3 single
entity that sell electricity at 2 price negotisted through 2 power
purchase agreement (PPA), You specify  target IRR, with
optional constraints on the minimum DSCR, positive cash flow,
debt fraction, etc. SAM caloulates the project PPA price, IRR, and
NPV, This option is a simplified version of the Single Owner
option, This option is the same as the Utility IPP financing options
in older versions of SAM.

Advanced Utility IPP Options
Advanced finencizl models appropriate for wtility scale power
projects,

” Cancel ]
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Navigating Input Pages @

% SAM 201112.2: untitledl = =

File Case Results Simulations Tools Developer Help

4 New Biopower Case 1 ¥ ¥

Select Technology and Market. .. ] [ Biopower, Commercial ] 0

System Summary Z

Climate
Mameplate Capacity 11048.3 kw
Location: FARGO, ND

Lat: 46.% Long: -56.5 Elev: 274.0
" ! " Total Direct Cost 33,195,179.93 §

Feedstock
Total Installed Cost 41,493,974.92 §

Total Biomass Resource: 72764 dry tons/year

Bomass HHV: 7552 By Total Installed Cost per Capacity 3,755.70 skw

Plant Specs Analysis Period 30 years
Se I eCt a pa g e by Nameplate: 11048 ki Inflation Rate 2.5 %

Emissions Comparison Real Discount Rate 5.5 %

L

clicking an item
in the
navigation menu

Biopower System Cost

Input pages specific
to biopower

Instzlled Cost per Capacity: 5 3755.7/kWe
Feedstock Costs
Biomass Cost: $3.15/MMEBtu

Utility Rate

™ &L

Financing

Tax Credit Incentives

rAY

Payment Incentives

Annual Performance

Dregradation: 0 9% per year
zilzbility: 85 %

Run the model
oL




Modeling Biopower Projects with SAM

LOCATION, FINANCING, AND
COST INPUTS
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Climate page

Ambient conditions
for power cycle
model and for
feedstock
moisture content
calculations

Latitude and
longitude for
accessing
resource data
from internet

© SAM 2011.10.6: untitled]

File ©Case Results Simulations  Tools

&3 My project

Select Technology and Market. ..

System Summary

Climate

Location: FARGO, MO
Lat: 46.9 Long: -96 & Elav: 274.0 m

Feedstock

Total Biomass Resource: 72764 dry tonsfyear
Biornass HHY: 7592 Brujdry Ib

Plant Specs
Mameplate: 11048 kie

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 3755.7kie
Feedstock Costs

Biornass Cost $2,15MMB

Utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Dearadation: 0 % per yzar
#vvailability 65 %

Developer  Help

2

=
W
=
db

[ Biopower, Commercial ]

rChoose Climate /Location

Filter locations by name: | |

Choose a TMY2
SAMINC Raleigh.bm?

__ weather file 1
SAMINC Wilmington.tm?
SAMEND Bismarck, tmZ

SAMINM Minok bra?

SAMIMT Miles Ciky km2
SAMMT Missoula.tm2
SAMINC Asheville.tm2
SAMINC Cape Hatteras.tm2
SAMINC Charlatte tm2
SAMINC Greensbaro.tm2

>

£

Solar Advisor reads weather files in TMYZ2, TMY3, and EPW Format, The default weather file
library includes a complete set of TMY2 Files Far U, S.locations, To add files For other
lacations, use the web links below ta find and download the files, and then click
AddjRemove above to help SAM locate them on your computer.

:::T;Uks for weather files in the specifig] C reate yo u r OWn
prefix "SaM" indicates a location from th .
weather file

Reemove from project

your project file to Facilitate sharing with

rLocation Information

Timezane __GMT -
Elevation __2?4 mm

Latitude 46.9 deg
Longitude -96,8 deg

Ciky __FF\RGO

rWeather Data Information {Annual)

Direct Marmal l:lkWhImZ
Global Horizontal |:|kwhfm2

rWeb Links
Solar Advisor reads weather files in TMYZ, TMY3, and EPW Format,
The defaul: weather file library includes a complete set of TMYZ files for U5, locations,

You can use the web links below to find weather data For ather locations, After you have downloaded the desired weather files, click
AddjRemove above to help SAM locate the downloaded weather files on vour computer,

Eest weather data For the .5, (1200+ locations in TMY3 format)

Find weather files

Best weather data For international locations {in EPYY Format)

U.5. satellite-derived weather data {10 km grid cells in TMY2 Format}

on the web.

|2

<




Costs

Installation
Costs

Operating
Costs

W SAM 2011.12.2: untitledl

File Case Results Simulations

&3 New Biopower Case 1 X

Select Technology and Market...

Developer Help

[ Biopower, Commercial ]

System Summary

Climate

Location: FARGO, ND
Lzt 46,5 Long: -96.8 Elev: 2740 m

Feedstock

Total Biomass Resource: 72764 dry tonsfyear
Biomass HHV: 7552 Bru/dry Ib

Plant Specs
Mameplate: 11048 kiWe

Emissions Comparison

Biopower System Cost

Tnstalled Cost per Capacity: $ 3755.7/kWe
Feedstock Costs

Biomass Cost: $3.15/MMEtu

utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Dregradation: 0 % peryear
Avzilzbiliny: 85 %

)

rDirect Capital Costs

Boiler(s) 11048

Turbine & Generator 11048
Fuel Handling Equipment 11043
Dryer a

Other Equipment 11048
Balance of Plant 10385

kwt
ke
kw
kw
kwt
ke

750 $kw
510 gk
330 $fkw

140 &/

N

270 gk
230 gfke

30 %

Total Direct Capital Cost

£8,286,199.%
$5,634,615.97
$ 3,645,927.98

$0.00
£2,983,031.99
£4,984,977.90

§7,660,426.14

$ 33,195,179.93

rIndirect Capital Costs

%% of Direct Cost MNon-fixed Cost Fixed Cost
Engineer, Procure, Construct 20 % $6,639,035.99 £0.00 $6,639,035.99
Project, Land, Miscellaneous 5% $ 1,659,759.00 $0.00 £ 1,659,759.00
Sales Tax of 0%  applies to 80 % ofDirect Cost £0.00
Total Indirect Capital Cost $8,298,794.93
rTotal Costs
Total Installed Cost £41,493,974.52
Total Installed Cost per Capadity (kW) £3,755.70
rOperation and Mai Costs
First Year Cost Escalation Rate (above inflation)
Fixed Annual Cost = 0,00 §fyr 0%
Fixed Cost by Capacity = 200,00 &kW-yr 0%
Variable Cost by Generation 4.00 gMmwh 0%

m




untitled1

File Case Results Simulations Tools Developer Help

&3 My project % =

=
Select Technology and Market... ] [ Biopower, Commercial ] z 0
System Summary E :

rOpenEl Online Utility Rate Database rRate Escalation o]
Climate i

l Search for rates. .. ] Go to website... Out-years escalation rate(s) T ol,-‘__,;W

Location: FARGD, MD . Nates:
Lat: 46,9 Long: -96.& Elew: 274.0 m rDescription

1. Escalation is applied ko all utlity rate values,

Feedstock Mame |

Z., Inflation is included with a single value escalation but not: For an escalation
schedule,

Total Biomass Resource: 72764 dry tonsiyear Description |

Biornass HHW: 7592 Brudry [b

S[hedu|e| | 3. Escalation schedules are yearly nominal values,
Plant Specs |

Source |

rNet Metering

Narneplate: 11043 Klile

“Fi h
Emissions Comparison E Fised Monthly Charges Moke:
—d

Enable net metering (buy=sell)

Fized Monthly Charge l:l$ Met metering applies to Flat Rate and Time of Use Rate sections.,

Biopower System Cost

rFlat Rate

Installed Cost par Capacity: § 3755 7 kitle

Enable Flat Rates
Feedstock Costs =

Flat Buy Rate ikiih Fiat Sell Rate |:|$jkwh Flat Fuel Adistment |:|$;kwh

rTime of Use Rate {Energy Charge)

jomass Cost: $3,15MMBIL

Financial input
pages for the

Enable TOU Rates

Weekday Weekend

; i Buy §fkiwh Sl kb Adi. Sk
- I Tax Credit Incentives ﬁ Period 1 | o ” ) ” o |
Commercia Y B )
. . . Payment Incentives E period 3 | D ” 0 ” D |
financing option N )
nnual Performance | o ” A ” o |
Dagradation: 0 % per year Perind £ | 0 ” = ” 0 |
Auailability: 85 %
Period 7 | o o]l 0|
| o o]l o]
Periods | o o]l 0|
Peak D d Charges
= [—— v

| w




Inputs — Financial Assumptions

Financial
iInputs for the
Utility financing
options

© SAM 2011.1

File Case Results

untitled1
Simulations  Tools

&3 My project %

Developer

Help

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

System Summary

Climate

Lacation: FARGC, MO
46.9 Long: -96.8 Elew: 274.0 m

Financing

Tax Credit Incentives
Payment Incentives

Feedstock

Tatsl Biornass Resource! 430045 dry tansfyear
Biornass HHY: 7565 Brufdry b

Plant Specs

Mameplate; 64755 kile

Biopower System Cost

Installed Cost per Capacity: § 3023, 11/ kie
Feedstock Costs

Biomass Cost: §3.23MMBL

Emissions Comparison
Annual Performance
Degradation: 0 % per year
Availability : 85 %%

Energy Payment Dispatch

User Yariables

=

)

rGeneral rTaxes and Insurance
Analysis Period years Federal Tax °.v‘ofyear
Inflation Rate % State Tax %J‘year
Real Discount Rate % Sales Tax °.v‘o
Mominal Discount Rate % Insurance % of installed cost
rsalvage ¥alue rProperty Tax
Met Salvage Yalue % of installed cost Assesged Percent % of installed cost
End of Analysis Period Value Assessed Value

Asseszed Value Decline %J‘year
Property Tax %J‘year

rConstruction Period

Note:

Loan Percent of Up-Frant Months PHor  Interest Rate PHncipal Arnount Interast Tatal Construction
Installed Costs  Fee (96) to Crperation  (Annual) Financing Cost

Loan 1 0 0 il il 40,00 0,00 0,00
Loan 2 0 0 o o $0.00 $0.00 +£0.00
Loan 3 0 0 o o $0.00 $0.00 +£0.00
Loan 4 0 0 o o $0.00 $0.00 +£0.00
Loan & 0 0 o o $0.00 $0.00 +0.00

Totals: ] $0.00 ¢ 0,00 +0.00

IF you specify construction period loans, the surn of percentages in the Percent of Installed Costs column rust equal 100,

rLoan Parameters

Installed Cost | $ 195,769,230,32
Construction Financing Cosk
Principal Amount | $ 78,307,692,13

Debt Fraction %

Loan Rate %,l’yaar
WACC 11.08 |%

rSolution Mode

() Specify IRR Target

() specify First Year PPA Price Sea help For details,

|~

Choose Specify IRR Target when you know the minirurn IRR and want S4M to calculate 2 PPA price to meet the target,
Choose Specify First Year PPA Price when you know the PP& price (or bid price) and want SAM to caloulate the resulting
IRR, Mote that ywou can specify an optional annual poweer price escalation rate and optional houdy payment allacation Factors,

| v

>

| €




Modeling Biopower Projects with SAM

BIOMASS POWER PLANT
INPUTS
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Biopower model input requirements &

Hourly weather data for one year

Feedstock Information

— Use NREL'’s Biofuels Atlas to determine feedstock based on
location and collection radius

— Specify common feedstocks

— Specify additional feedstocks by composition and heating value

— Specify supplemental/primary coal feedstocks.
Plant Specifications

— Boiler, Turbine parameters

— Dispatch schedule
System costs: Installation and operating costs
Feedstock Costs: Biomass and delivery costs
Financial assumptions

— Loan parameters for all projects

— Target IRR for utility projects

— Incentives and tax credits

National Renewable Energy Laboratory Innovation for Our Energy Future



Inputs — Feedstock Page

1. Input feedstock collection

2. Click “Obtain

radius

resource data...”

© SAM 2011.10.6: untitled1

File Case

Results  Simulations

&3 My project 3¢

System Summary

Climate

Location; FARGC, MDY
Lat: 4.9 Long: -96.% Elev: 274.0 m

Feedstock

Total Biomass Resource: 72764 dry tonsfyrear
Biomnass HHA: 7532 Brufdry Ib

Plant Specs
Marneplate; 11048 kitte

Emissions Comparison

Biopower System Cost

Tnstalled Cost per Capaity: § 3755.7/kdile
Feedstock Costs

Biomnass Costt §2,15MME

Utility Rate
Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 0 % per year
Awailability: 85 %

Tools

Developer

)
2
K

N
e

L

in

Help

Select Technology and Market [ Biopower, Commercial ]

| >

rBiomass Feedstock Resource

Collection radius 15 |mi [ Oblain resource data...

J

Resource Available
-

Resource Obtainability

rCrop

Bagasse l:lbone dry tonsfyear
Batley Straw bnne dry tonsfyear
Corn Stover bnne dry tonsfyear
Rice Straw l:lbune dry tonsfyear
Wheat Straw bune dry tonsfyear

Fa Fa

o o
o o
Yo Yo

Yo Yo

rWood id)

Forest Residues l:lbnne dry tonsfyear
Primary Mill Residues l:lbone dry tonsfyear
Urban Wwood Residues 23125 |bone dry tonsfyear

15 B SRR IRERIRE RN
S
&
&
H
H
w
-

|| || e — | ol|wl|l=|al | E

5] E s 8w 8| 8
1y
£

o o

0 % 8 %

Yo Yo

Feedstocks

rUser-specified
[ Specify additional feedstocks

rFeedstock 1

Obtainable feedstack 1 resource l:lbone dry tonsjyear

Feedstock 1 Moisture content {wet %) l:l
Input dry higher heating value (HHY) l:l Brujdry b
Calculate HHY based on elemertal composition  |__8985,04 | Buujdry Ib
Carbon content (wk%) l:l
Hydrogen content (vt} l:l
Mitrogen content (wk%s) l:l

rFeedstock 2
Obtainable feedstock 2 resource

Feedstock 2 Moisture cantent {wet %) l:l
Input dry higher heating value (HHY) I:I Brufdry b
Caleulate HHY based on elemertal compositan | 3385,04 | Buujdry Ib
Carban content (Wt l:l
Hydrogen contenkt {wk%s) l:l
Mitrogen content {wt%) l:l

H

baone dry tonsfyear

Elemental compositions and heating values are available at:

BIOEIR - & Datshase for hiofuels
PHYLLIS - The composition of biomass and waste

rHeating ¥alue

Average biomass higher heating value (HHV) 7592 Btufdry b

Average biomass lower heating value (LHY) 7100 |Btufdry b

Total obtainable biomass resource 72764 |dry tonsjyear




Inputs — Feedstock Page @

2. Click “Obtain
resource data...”

1. Input feedstock collection radius

© SAM 2011.10.6: untitled1

File Case Results Simulations Tools Developer Help

&3 My project 3¢

e o
H I,

SAM querles N RELS System Summary Z

BI Ofu eI S Atl a S — rBiomass Feedstock Resource

Location; FARGC, MDY

| >

Lar: 45.9 Long: -96.8 Elev: 274.0 m Moisture (wet %)
rCroy
Feedstock ﬁ
otal Biomass Resource: tonsfyear ' R i lj lj k F |:I [[==H

Choose Yes to apply ;iom:sHHV:RTSSZBtu.I’::T:dN r :{/ eceived data From web service
30 %
the data to the current | s ﬁﬂ Urban Wood Residues: 23125 bdtfyr
Mameplate 11042 ke Batley Straw: 10744 bdtfyr  uw

case. Choose NO tO Emissions Comparison E | Corn Stover: 195917 bk fyr

. : p Wol wheat Straw: 131034 bdtfyr
specify feedstock puopouer System Cos 2 Rice Straw: 0 bdtjyr
s A P Bagasse: 0 bdtjwr
manually A

Would wau like o apply it ko the current case?

Utility Rate

Financing Y | EES | [ Mo ]

H

k 2 resource

baone dry tonsfyear
Tax Credit Incentives

Feedstock 1 Moisture content {wet %) Fesdstack 2 Maisture cantent (wet %) |:|

Input dry higher heating value (HHY) l:l Brujdry b Input dry higher heating value (HHY) I:I Brufdry b

Calculate HHY based on elemertal composition  |__8985,04 | Buujdry Ib Caleulate HHY based on elemertal compositan | 3385,04 | Buujdry Ib
Carbon content (wk%) l:l Carban content (Wt l:l

Diegradation: 0 96 per year

vl abiliy: 55 % Hydrogen content (vt} l:l Hydrogen contenkt {wk%s) l:l

Mitrogen content (wk%s) l:l Mitrogen content {wt%) l:l

Elemental compositions and heating walues are available at!  BIORIB - A Database for bhiofuels

Payment Incentives

Annual Performance

PHYLLIS - The composition of biomass and waste

rHeating ¥alue

Awverage biomass higher heating valus (HHY) 7592 Btu/dry b Average biomass lower heating valus (LHY) 7100 Btujdey b
Total obtainable biomass resource 72764 |dry tonsjyear

i
s
s
&

|~
| v

p'[




Inputs — Feedstock Page

1. Input feedstock collection

SAM queries NREL's
Biofuels Atlas

Choose Yes to apply
the data to the current
case. Choose No to
specify feedstock
manually

Pick Resource
Obtainability
Factors to adjust the
Available Resource and
specify Moisture (wet
%)

untitled1

File Case Results Simulations Tools

&3 My project 3¢

Developer

2. Click “Obtain

radius

Help

Select Technology and Market [ Biopower, Commercial ]

System Summary

Climate

Location; FARGC, MDY
Lat: 4.9 Long: -96.% Elev: 274.0 m

Feedstock

Total Biomass Resource: 72764 dry tonsfyrear
Biomnass HHA: 7532 Brufdry Ib

Plant Specs
Marneplate; 11048 kitte

Emissions Comparison

Biopower System Cost

Tnstalled Cost per Capaity: § 3755.7/kdile
Feedstock Costs

Biomnass Costt §2,15MME

Utility Rate

Financing

Tax Credit Incentives

Annual Performance

Degradation: 0 % per year
Awailability: 85 %

Y

=
3
e

=)

e

i

resource data...”

rBiomass Feedstock Resource

Collection radius | 15 ‘m\ [

Resource Available
-

Resource Obtainability

rCrop

Bagasse l:lbone dry tonsfyear
Batley Straw bnne dry tonsfyear
Corn Stover bnne dry tonsfyear
Rice Straw l:lbune dry tonsfyear
Wheat Straw bune dry tonsfyear

rWood id)

Forest Residues l:lbnne dry tonsfyear
Primary Mill Residues l:lbone dry tonsfyear
Urban Wwood Residues 23125 |bone dry tonsfyear

15 B SRR IRERIRE RN
S
&
&
H
H
w
-

|| || e — | ol|wl|l=|al | E

5] E s 8w 8| 8
1y
£

rUser-Specified Biomass Feedstocks

Obtainable feedstack 1 resource l:lbone dry tonsjyear

Feedstock 1 Moisture content {wet %) l:l
Input dry higher heating value (HHY) l:l Brujdry b
Calculate HHY based on elemertal composition  |__8985,04 | Buujdry Ib
Carbon content (wk%) l:l
Hydrogen content (vt} l:l
Mitrogen content (wk%s) l:l

rFeedstock 2

Obtainable feedstack 2 resource l:lbane dry tansjyear

Feedstock 2 Moisture cantent {wet %) l:l
Input dry higher heating value (HHY) I:I Brufdry b
Caleulate HHY based on elemertal compositan | 3385,04 | Buujdry Ib
Carban content (Wt l:l
Hydrogen contenkt {wk%s) l:l
Mitrogen content {wt%) l:l

Elemental compositions and heating values are available at:

BIOEIR - & Datshase for hiofuels
PHYLLIS - The composition of biomass and waste

rHeating ¥alue

Average biomass higher heating value (HHV) 7592 Btufdry b

Average biomass lower heating value (LHY) 7100 |Btufdry b

Total obtainable biomass resource 72764 |dry tonsjyear

|~

| >

|

| v

8




Inputs — Feedstock Page

And/or Specify additional feedstocks

Define a new feedstock:
1. Obtainable Resource
2. HHV

-  Inputor
Empirically
Calculate
3. Elemental Composition

Find feedstock information
on the internet

& SAM 2011.10.6: untitled]

File Case Results Simulations Tools Developer Help
&3 My project
[ Select Technalagy and Markst. .. ] [ Biopower, Commercial ]

System Summary

Climate

Location: FARGO, MD
Lat: 45,9 Long: -96.8 Elev: 2740 m

Feedstock

Total Biomass Resource! 72764 dry tonsfyear
Biomass HHA: 7532 Brufdry [b

Mameplate: 11043 kil

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 3755 7kie
Feedstock Costs

Biomass Cost: $3,15MMBEw

utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 0 % per year
Anrailability: 85 95

-y EC'-'E TQT l],

2

‘ Urban Wood Residues 23125 |bone dry bonsjyear

20 %

12% |

User-Specified Feedstocks

Feedstock 1

Obtainable feedstock 1 resource l:lbone dry tonsfyear

Feedstock 1 Moisture content {wet %)
(&) Input dry higher heating value (HHY) l:l Btu/dry b

() Calculate HHY based on elemental composition l:l Btufdry |b

eedstock 2

Obtainable Feedstock 2 resource l:lbana dry tansyear

eedstock 2 Moisture conbent (wet %)
) nput dry higher heating value (HHY) I:I Btufdry Ib
() Caleulate HHY based on elemental composition I:l Btufdry Ib
Carbon content {we)
Hydragen content {wk%e)
Mitrogen content {wkse)

Heating Yalue
’7 Average biomass higher heating value (HHY

Total obtainable biomass resource F2764 |dry tons/year

rSupplemental Coal Feedstock

[[Juse a coal Feedstock ko augment plant capacity

Resource Available

Bituminous coal resource I:Idry tonsfyear
Sub-bituminous coal resource I:Idry tonsfyear
Lignite coal resource l:ldry tonsfyear

Higher Heating Yalue (HHY)
[ Byl
[ e |prudry o
|:| Btujdry Ib

Moisture {(wet %o}

T
=]
]

Heating Yalue

Average coal higher heating value (HHY) l:lﬂtu)’dry 1=}

Average lower heating walue {LHW) l:lBtu,l’dry Ib

Total coal resource I:Idry tons/year

|>




Inputs — Feedstock Page

And/or Use a coal feedstock to augment plant capacity

Define a coal feedstock:
-Rank of coal
-HHV
-Moisture (wet %)

Note: set biomass resource
to zero to model a
completely coal-fired power
plant

& SAM 2011.10.6: untitled]

File Case Results Simulations Tools

&3 My project

Developer

Help

Select Technalagy and Markst. .. ] [ Biopower, Commercial ]

System Summary

Climate

Location: FARGO, MD
Lat: 45,9 Long: -96.8 Elev: 2740 m

Feedstock

Biomass Resource! 72764 dry tonsiyesr
Bioma ; 7592 Bruidry b

Plant Specs
Marneplate: 26033 kie

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 3755 7kie
Feedstock Costs

Biomass Cost: $3,15MMBEw

utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 0 % per year
Anrailability: 85 95

‘ Urban Wood Residues 23125 |bone dry bonsjyear

20 %

12% |

rUser-Specified Feedstocks

[ specify additional feedstacks

rFeedstock 1

Obtainable feedstock 1 resource l:lbone dry tonsfyear

Feedstack 1 Moisture content {wet %) l:l
Input dry higher heating value (HHY) I:I Brujdry b
Calculate HHY based on elemental composition l:l Btufdry |b
Carbon content {wk) l:l
Hydrogen content {wtss) l:l
hitrogen content {wts) l:l

rFeedstock 2

Obtainable Feedstock 2 resource I:Ibana dry tansyear

Feedstock 2 Moisture content {wet %) l:l
Input dry higher heating value (HHY) I:I Bhufdry Ib
Calculate HHY based on elemental compasition I:l Btufdry Ib
Carbon content {we) l:l
Hydragen content {wk%e) l:l
Mitrogen content {wkse) l:l

Elem# ompasitions and heating values are available at:  BIOBIE - 4 Database For biofuels

PHYLLIS - The composition of biomass and waste

rHeating Yalue

7592 |Btufdry I

Average biomass higher heating walu®

Awerage biomass lower heating walue {LHY) 7100 |Btufdry Ib

Tatal obts

g bigmass resource F2764 |dry tons/year

rSupplemental Coal Feedstock

Use a coal Feedstock ko augment plant capacityd

Resource Available

Bituminous coal resource l:ldry tonsfyear
Sub-bituminous coal resource l:ldry tonsfyear
Lignite coal resource 100000 |dry tonsfyear

Heating Yalue

Higher Heating Yalue (HHY)

13272 | Brufdry b
10955 | Brufdry b
FETS | Btufdry b

Moisture {(wet %o}

Average coal higher heating value (HHY) 7875 |Btujdry Ib

Average lower heating walue {LHW) 7616 |Btufdry b

Total coal resource 100000 | dry kons/year




Inputs — Plant Specifications @

& SAM 2011.10.6: untitled]

Case  Results

Feedstock Handling
— drying options

Simulations  Tools Developer Help

Select Technology and Market..- Rigoower, Commercial ]

System Summary

rBiomass Feedstock Handli -t
Climate () Fed as received
Location: FARGD, MO () allow Feedstock o air-dry ta atmospheric Equilibrium Moisture Content (EMC)

Lat: 469 Long: -36 8 Elenv: 274.0 m () Dry to specified moisture content

Feedstock

Total Biornass Resoutce: 72764 dry tonsfyesr
Biomnass HHY: 7592 Btufdry [b ‘Grate Skoker Furnace w |

Plant Specs rBoiler Parameters

Mlameplate: 11046 lile Steam Grade |00 F, 900 psig v

E Percent excess fed air Estimated steam produced 67427 |Ibfhr steam
L MNumber of boilers Boiler owerdesign Fackor
Installed Cost per Capacityt § 27557 kibe ~a
Flue gas temperature 'F Design capacity of each boiler FF085 |Ibjhr steam
Feedstock Costs !Ii

Emissions Comparison

Biopower System Cost

Estimated Efficiency Losses (HHY

Biomass Cost: $3,15MMBruy

P
Utility Rate Dry Flue gas losses 8,92 %

Maisture in Fuel 4.66 %

Financing Latent Heal 373 %

Unburned Fusl 3.50 %

Tax Credit Incentives
Radiation and miscellaneous 2,03 %

Tatal Boiler Efficiency (HHY basis FEE3 % Ly

Payment Incentives

rSteam Rankine Cycle

(&) Use estimated max For plant nameplate capacity Estimated max grass nameplate capacity 11048 |k
Degradation: 095 per year O speck it "
ecify nameplate capaci

Awailabilivy: &5 % pechy P Racty Specified capacity l:lkw

Mameplate Capacity, Gross 1048 W

Annual Performance

Rated cycle conversion efficiency 35 frac
Minimum load 25 frac

Max over design operation 1 Jfrac

Power cycle design temperature 'F
Fo Fl Fz F3 F4
Part load efficiency adjustment | 0.9 ” 0.1 | 1] ” 1] H 1] ‘
Temperature efficiency adjustment | 1 ” -0,002 | a ” a H a ‘

I

o -Q- l]
Q ‘l -3 0 0 B Temperature Carrection Mode | Dry bulb

| <




Inputs — Plant Specifications

Feedstock Handling
— drying options

Combustion System
parameters

& SAM 2011.10.6: untitled]

File Case Resulks Simulations Tools Developer

&3 My project %

[ Select Technology and Market... ] [ Biopower, Commercial ]

System Summary

Climate

Location: FARGD, MO
Lat: 46.9 Lang: -96.8 Elewv: 274.0 m

Feedstock

Sral ey ey tonsfyear
Biomass HHW: 7592 Brujdry Ib

Plant Specs
Mameplate; 11045 kil

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 27557 ke
Feedstock Costs

Biomass Cost: $3,15MMBruy

Utility Rate
Financing
Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 0 9 per year
Availabilivy: 65 %

= .{'3: -.QT l],

rBiomass Feedstock Handli

() Fed as received

() allow Feedstock ko air-dry ta atmospheric Equiliorium Moisture Content (EMC)

rCombustion System

Grate Stoker Furnace

rBoiler Parameters

Steam Grade |00 F, 900 psig

]

Percent excess Fed air
Nurber of boilers
Flue gas temperature 'F

Estimated Efficiency Losses (HHY

Estimated steam produced 67427 |Ibfhr skeam
Boiler owerdesign Fackor
Design capacity of each boiler FF085 |Ibjhr steam

Dry Flue gas losses 8,42 %

Maisture in Fuel 4.66 %

Latent Heat .79 %

Unburned Fusl 3.50 %

Radiation and miscellaneous 2,03 %

Tatal Boiler Efficiency (HHY basis) FEE3 %

max For plant nameplabe capacky

() Specify nameplate capacity

Specified capacity l:lkw

Mameplate Capacity, Gross 1048 W
Rated cycle conversion efficiency 35 frac
Minimum load 25 frac

Max over design operation 1 Jfrac

oo
<=

Power cycle design temperature 7 F

_n
=
-

F2 F3 F4

Part load efficiency adjustment |

el o o[ o

Temperature efficiency adjustment |

3 1 I ) B

Temperature Correction Mode | Dry bulb w

|>
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& SAM 2011.10.6: untitled]

Feed Stock H a nd I i ng File Case Resulks Simulations Tools Developer Help

drying options K ,
y g p [ Select Technology and Market... ] [ Biopower, Commercial ] 0
System Summary E :
rBiomass Feedstock Handli e
Climate () Fed as received
Location: FARGD, MO () allow Feedstock o air-dry ta atmospheric Equilibrium Moisture Content (EMC)

i S () Dry to specified moisture content
Combustion System |

Total Biornass Resource: 72764 dry tonsfyear

pa ra m ete rs Biornazs HHW: 7592 Btujdry b

Plant Specs ﬁ’ rBoiler Parameters
Mameplate; 11045 kitte

rCombustion System

‘ Grate Stoker Furnace ~ |

Steam Grade |00 F, 900 psig v

Percent excess fed air Estimated steam produced E7427 |Ibthr skeamn

Flue gas temperature Design capacity of each boiler

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 37557 kie

Feedstock Costs

Visible breakdown of
boiler efficiency losses |

Financing

Estimated Efficiency Losses (HHY

Dry Flue gas losses 8,42 %
Maisture in Fuel 4.66 %
Latent Heat .79 %
Unburned Fusl 3.50 %

Tax Credit Incentives
Radiation and miscellaneous 2,03 %

Tatal Boiler Efficiency (HHY basis) FEE3 %

Payment Incentives

Annual Performance
max For plant nameplabe capacky
Degradation: 0 % per year

mated
Avwsilabily: 85 9% () specify nameplate capacity Specified capacity l:lkw

Mameplate Capacity, Gross kW

Rated cycle conversion efficiency frac

Minimum load Frac

Max over design operation frac

Power cycle design temperature 'F
Fo F1 F2 F3 F4

Part load efficiency adjustment | 0.9 ” 0.1 | 1] ” 1] H 1] ‘
Temperature efficiency adjustment | 1 ” -0,002 | a ” a H a ‘

= & -
‘l «d " " B Temperature Correction Mode | Dry bulb “

| <




Inputs — Plant Specifications

Feedstock Handling
— drying options

Combustion System
parameters

Visible breakdown of
boiler efficiency losses

Power Cycle
specifications

& SAM 2011.10.6: untitled]

File Case Resulks Simulations Tools

&3 My project %

Developer

Help

[ Select Technology and Market... ] [ Biopower, Commercial ]

System Summary

Climate

Location: FARGD, MO
Lat: 46.9 Lang: -96.8 Elewv: 274.0 m

Feedstock

Tatal Biornass Resource: 72764 dry toncfyear
Biornass HHW: 7592 Brufdry b

Plant Specs
Mameplate; 11045 kil

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 27557 ke
Feedstock Costs

Biomass Cost: $3,15MMBruy

Utility Rate
Financing

Tax Credit Incentives
Payment Incentives

Annual Performance

Degradation: 0 9 per year
Availabilivy: 65 %

=.
=5 =

2

=
3
e
#
e
S

dlii

rBiomass Feedstock H.

() Fed as received

() Dry to specified moisture content

() allow Feedstock o air-dry ta atmospheric Equilibrium Moisture Content (EMC)

L]

rCombustion System

‘ Grate Stoker Furnace

rBoiler Parameters

Steam Grade |00 F, 900 psig

]

Percent excess Fed air
Nurber of boilers
Flue gas temperature 'F

Estimated Efficiency Losses (HHY

Estimated steam produced 67427 |Ibfhr skeam
Boiler owerdesign Fackor
Design capacity of each boiler FF085 |Ibjhr steam

Dry Flue gas losses 8,42 %

Maisture in Fuel 4.66 %

Latent Heat .79 %

Unburned Fusl 3.50 %

Radiation and miscellaneous 2,03 %

Tatal Boiler Efficiency (HHY basis) FEE3 %

rSteam Rankine Cycle

(&) Use estimated max For plant nameplate capacity

() Specify nameplate capacity

Estimated max gross nameplate capacity 11048 |k
Specified capacity l:lkw

Mameplate Capacity, Gross 1048 W
Rated cycle conversion efficiency 35 frac
Minimum load 25 frac

Max over design operation 1 Jfrac

oo
<=

Power cycle design temperature 7 F

_n
=
-

Fz2 F3

Part load efficiency adjustment |

el o o

Temperature efficiency adjustment |

3 BT )

Temperature Correction Mode | Dry bulb w

|>
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Specify Parasitic Load

@ SAM 2011.10.6: untitled1

File Case Results Simulations Tools

&3 My project %

System Summary

Climate

Location:
Lat: 4£.9 Long: -96.8 Elew: 274.0

Feedstock

Total Biomass Resource: 72764 dry tonsfyear
Biornass HHY: 7592 Brufdry |b

Plant Specs
Marneplate: 11042 kive

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 37657 ke
Feedstock Costs

Biornass Cost: $3,15MME

Utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 0 96 per year
A zilability: 85 95

Developer Help

[ Select Technology and Market... ] [ Biopower, Commercial ]

Temperature efficiency adjustment

rParasitics

Parasitic load (% of nameplate) l:l%
Tatal plant parasitic load ke

Time of Dispatch Schedule

Fractional gen. g g
Givenests) | FIElE g C g

N v (vt | O G W LY WD D[ T e
Pe”°d1' Jan |11 (1|2 (11 (1111
Perind 21 1.1 Feb |11 1|1 (21011 ]1]1
PeriodS:ljl Mar |11 (1|1 (21011 ]1]1
apr (11 fa a2 a1 1]1]1
Perlod"iljl May |21 (1|1 [1]1]1|1]1]1]1
l:l]unlllllllllll

Jul (e fafa (a1 ]1
Perms’l:l Aug |11 (1111 1|1 [1]1]1
Perind 7: o Sep |11 (1|11 1[0(1]1]1]1
l:ll]ctlllllllllll
mov |12 2 [a[a oo |a]a]n]1

Period &: 0 Dec (1211112 faf1]1]1

O Do not specify ramp rate
() Specify ramp rate in kv per hour

() Specify ramp rate in percent of capacity per hour

|




Inputs — Plant Specifications @

@ SAM 2011.10.6: untitled1

File Case Results Simulations Tools Developer Help

&3 My project %

[ Select Technology and Market... ] [ Biopower, Commercial ] 9

|

System Summary z
Temperature efficiency adjustment | 1 || -0.002 | 1] || 0 || 1]

S pec ify Pa ra Siti C Loa d Climate Temperature Correction Mode | Dry bulb v |

Location: FARGO, MO
Lat: 4£.9 Long: -96.8 Elew: 2740 m

Feedstock ﬁ

Total Biomass Resource: 72764 dry tonsfyear
Biornass HHY: 7592 Brufdry |b

Parasitics

Time of Dispatch Schedule
[¥]Enable time of dispatch scheduis!

Plant Specs

Enable time of

Marneplate: 11042 kive

Fractional gen.

-

dISpatCh SChedUIe Emissions Comparison fof nameplatz) HEEEEEEEEEE

) SIE & 848 B[S E &S

=Plant can ramp up | sisower systemeost o VISV AINERE
(=g[n] H

or down ener tion Installed Cost per Capacity: § 27E5 7 lliia Period 3 11 11111111

g a Feedstock Costs e 11 1/1/1/1/1/1/1]1

. Period 4: 111211111

accordlng to Biornass Cost: $3,15MME 11 1111111

SChedUIe Utility Rate coriod 1111 (a1]1(a[1]1)2

sriad s 1111211 (a1]1]1

Financing Period 7: 1111 (a1]1(a(1]1)1

1111 (a1]1(a[1]1)2

ERE R RN !

1al1j1afafaaf11a

SpeCify ra m p ra te Tax Credit Incentives ﬁ Period O;

. 0 O Do mok specify ramp rake
I n kW/ h r Or /O/h r Payment Incentives (%) Specify ramp rate in kv per haur S000 ki hr
Annual Performance

09

() Specify ramp rate in percent of capacity per hour l:l
Degradation: 0 96 per year

A zilability: 85 95




Inputs — Biopower System

OS

© SAM 2011.10.6: untitled1

File Case

Results  Simulations

Tools  Developer

Help

&3 My project X

[ Select Technology and Market, .. ] [ Biopower, Commercial ]

System Summary } :

Al

|>

Input Direct Capital
Costs for equipment

rDirect Capital Costs

Boiler{s) [0

Turbine & Generator kW

Fuel Handling Equipment kW

Other Equipment kW
Balance of Flant kWe

Climate

Location: FARG, MO
Lat: 46,9 Long: -96.8 Elew: 2740 m

Feedstock

Total Biomass Resource: 72764 dry tonsfyear
Biornass HHY': 7592 Btufdry |b

Plant Specs
Mameplate: 11043 kite

Emissions Comparison

\ 750§k | | 4 8,286,217.05 |
\ 510§k | | §5,634,627.60 |
\ 330§k | | § 3,645,935.50 |
\ || |
\ 270 §kw | | $2,363,038.14 |
\ 480 ke | | § 4,554,988.18 |

| 0% | | §7,660,441.54 |

Tokal Direct Capital Cost $ 33,195,2458.41

Biopower System Cost

rIndirect Capital Costs

Installed Cost per Capacity: § 37557 ke

% of Direct Cost Mon-fixed Cost

Fixed Cost

DELEN KN

I t I d H t C 't I Feedstock Costs Enginesr, Procure, Canstruct 0% | | $6,639,049.68 | | $0.00 | | $6,639,042.68 |

n p u n I rec a pl a Biomass Cost: $3. 15MMB Project, Land, Miscellaneous | 5% $1,659,762.42 | | $0.00 | | §1,659,762.42 |
Utility Rate

Costs for EPC and PLM s T slesto o et ot
Financing

Tax Credit Incentives

Tatal Indirect Capital Cost $8,298,812.10

i

rTotal Installed Costs

Payment Incentives

Total Installed Cost 4 41,494,060,52
Total Installed Cost per Capacity {$/kw $3,755.70

Annual Performance

Diegradation: 0 % per year rOperation and Maintenance Costs

Avvailability: 85 % First Year Cost

Fixed Annual Cost 4= m $lyr
Fixed Cost by Capacity == 200,00 |$7kih-yr
Wariable Cost by Generation = $ittih

Mote

Escalation rates do not apply to O&M annual schedules, only first vear values,

Escalation Rate {above inflation)




Inputs — Biopower System Cos

Input Direct Capital
Costs for equipment

Input Indirect Capital
Costs for EPC and PLM

Input Operation and
Maintenance Costs

© SAM 2011.10.6: untitled1

File Case

Results  Simulations

&3 My project X

System Summary

Climate

Location: FARG, MO
Lat: 46,9 Long: -96.8 Elew: 2740 m

Feedstock

Biornass HHY': 7592 Btufdry |b
Plant Specs
Mameplate: 11043 kite

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 37557 ke
Feedstock Costs

Biornass Cost: $3.15MMBH

Utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Dregradation: 0 % per year
Availability: 85 %

Tools  Developer

Total Biomass Resource: 72764 dry tonsfyear

Help

[ Select Technology and Market, .. ] [ Biopower, Commercial ]

Z Direct Capital Costs

Boiler{s) [0
Turbine & Generator kW
Fuel Handling Equipment kW

Bottom line:

Total Installed Cost

\ 750§k | | 4 8,286,217.05 |
\ 510§k | | §5,634,627.60 |
\ 330§k | | § 3,645,935.50 |
\ || |
\ 270 §kw | | $2,363,038.14 |
\ 480 ke | | § 4,554,988.18 |

| 0% | | §7,660,441.54 |

Tokal Direct Capital Cost $ 33,195,2458.41

rIndirect Capital Costs
% of Direct G

ast

Mor-fixed Cod

Engineet, Procure, Construct |

20 %

| $6,639,049)

Project, Land, Miscellaneous |

5%

$1,659,762.4;

Sales Tax of applies to

$ 6,639,049.658
$1,659,762.42

$0.00

rTotal Installed Costs

Total Installed Cost 4 41,494,060,52
Tokal Installed Cost per Capacity {($/kw $3,755.70

rOperation and Maintenance Costs

First Year Cost

Mote

Fixed Annual Cost 4= m $lyr
Fixed Cost by Capacity == 200,00 |$7kih-yr
Wariable Cost by Generation = $ittih

Escalation rates do not apply to O&M annual schedules, only first vear values,

Escalation Rate {above inflation)

Al

|3



Inputs — Feedstock Cost

Specify Feedstock
Price

& SAM 2011.10.6: untitled1

File Case Results

Simulations

&3 My project %

Tools  Developer

Help

Select Technology and Market. .. ] [ Biopower, Commercial ]

2

>
4
e
i

System Summary

Climate

Location: FARGD, MO
Lat: 46.9 Long: -96.8 Elew: 2740 m

Feedstock

Tatal Biornass Resource: 72764 dry tonsfyear
Biornass HHWY': 7592 Btudry |b

Plant Specs
Marneplate: 11048 ke

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 37557 /kWe
Feedstock Costs

Biornass Cost: $3.15MMBu

Utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Dregradation: 0 % per year
Ao ailabilivy: 55 %6

| Fuel Costs

rAnnual Biomass Fuel Costs

Distance-fixed delivery cost $6.00 |$idry ton
Distance-variable delivery cost $0.10 |$idry ton - mile

Bagasse I:Idry tons/year
Barley Straw dry tons/year
Corn Stover dry tons/year
Rice Straw I:Idry tons/year
Wheat Strawv dry tons/year

Forest Residues I:Idry tons/year
Primary Mill Residues I:Idry tons/year
Urban Wood Residues 4625 |dry bons/vear

Additional Feedstock 1 I:Idry tons/year
Additional Feedstack 2 I:Idry tons/year

39,00 $/dt
45,00 $/dt
39,00 $/dt
39,00 $/dt
47.00 $/dt

33,00 §dt
38,00 §dt
13,00 $/dt

-
i)
1]
a
[0
s
]
a
=
-}
=3
E
n

Tatal biomass fuel usage TeTe4.2 |dry tonsfyear

Biomass cost escalation rate 0 % fyear

Biomass Fuel Costl 47.91 $/dry ton

| 62,17 $fgreen ton

3,15 ${MMEBtu

"Green’” ton includes moisture

rAnnual Coal Fuel Costs

Bituminous Coal I:Idry tons/year
Sub-bituminous Coal I:Idry tons/year
Lignite Coal I:Idry tons/year

Feedstock Price

Tatal coal Fuel usage I:Idry tons/year
Coal cost escalation rate l:l

Coal Fuel Cost

il




Inputs — Feedstock Cost

Specify Feedstock
Price

& SAM 2011.10.6: untitled1

Biomass

oper  Help

k, mercjal ]

System Summary

Climate

Location: FARGD, MO
Lat: 46.9 Long: -96.8 Elew: 2740 m

Feedstock

Tatal Biornass Resource: 72764 dry tonsfyear
Biornass HHWY': 7592 Btudry |b

Plant Specs
Marneplate: 11048 ke

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 37557 /kWe
Feedstock Costs

Biornass Cost: $3.15MMBu

Utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

Dregradation: 0 % per year
Ao ailabilivy: 55 %6

D& ERY RN

rAnnual Biomass Fuel Costs

Distance-fixed delivery cost $6.00 |$idry ton

Distance-variable delivery cost $0.10 |$idry ton - mile

Bagasse I:Idry tons/year
Barley Straw dry tons/year
Corn Stover dry tons/year
Rice Straw I:Idry tons/year
Wheat Strawv dry tons/year

Forest Residues I:Idry tons/year
Primary Mill Residues I:Idry tons/year
Urban Wood Residues 4625 |dry bons/vear

Additional Feedstock 1 I:Idry tons/year
Additional Feedstack 2 I:Idry tons/year

39,00 $/dt
45,00 $/dt
39,00 $/dt
39,00 $/dt
47.00 $/dt

33,00 §dt
38,00 §dt
13,00 $/dt

-
i)
1]
a
[0
s
]
a
=
-}
=3
E
n

rAY

Tatal biomass fuel usage TeTe4.2 |dry tonsfyear

Biomass cost escalation rate 0 % fyear

Bituminous Coal I:Idry tons/year
Sub-bituminous Coal I:Idry tons/year
Lignite Coal I:Idry tons/year

| 62,17 $fgreen ton
"Green’” ton includes moisture,

Biomass Fuel Costl 47.91 $/dry ton

3,15 ${MMEBtu

Feedstock Price

T
T
T

Tatal coal Fuel usage I:Idry tons/year
Coal cost escalation rate l:l




Inputs — Feedstock Cost

& SAM 2011.10.6: untitled1

File Case Results

Simulations  Tools Developer  Help

&3 My project %

Select Technology and Market. .. ] [ Biopower, Commercial ]

2

System Summary

| Fuel Costs
Climate

rAnnual Biomass Fuel Costs

Distance-fixed delivery cost $6.00 |$idry ton
Distance-variable delivery cost $0.10 |$idry ton - mile

Bagasse I:Idry tons/year
Barley Straw dry tons/year
Corn Stover dry tons/year
Rice Straw I:Idry tons/year
Wheat Strawv dry tons/year

Forest Residues I:Idry tons/year
Primary Mill Residues I:Idry tons/year
Urban Wood Residues 4625 |dry bons/vear

Additional Feedstock 1 I:Idry tons/year
Additional Feedstack 2 I:Idry tons/year

Specify Feedstock
Price

Location: FARGD, MO
Lat: 46.9 Long: -96.8 Elew: 2740 m

Feedstock

Tatal Biornass Resource: 72764 dry tonsfyear
Biornass HHWY': 7592 Btudry |b

Plant Specs
Marneplate: 11048 ke

Emissions Comparison

Biopower System Cost

Installed Cost per Capacity: § 37557 /kWe
Feedstock Costs
Biornass Cost: $3.15MMBu

Utility Rate

7
%
e
]
2

39,00 $/dt
45,00 $/dt
39,00 $/dt
39,00 $/dt
47.00 $/dt

33,00 §dt
38,00 §dt
13,00 $/dt

-
i)
1]
a
[0
s
]
a
=
-}
=3
E
n

Financing

Tatal biomass fuel usage TeTe4.2 |dry tonsfyear

Tax Credit Incentive

Biomass Fuel Costl 47.91 $/dry ton

rAnnual Coal Fuel Costs

Bituminous Coal I:Idry tons/year
Sub-bituminous Coal I:Idry tons/year
Lignite Coal I:Idry tons/year

Payment Incentives ~

Annual Performance

Dregradation: 0 % per year
Ao ailabilivy: 55 %6

Feedstock Price

T
T
T

Tatal coal Fuel usage I:Idry tons/year
Coal cost escalation rate l:l




Inputs — Emissions Comparison @

& SAM 20111.10.6: untitled]

File Case Results Simulations Tools Developer Help

&3 My project X -

[ Select Technology and Market... | [ Biopower, Commercial ] 9

- . System Summary E
Specify which resources
d = I d b b - Climate Displaced power detived From coal {bituminous, sub-bituminous) %
a re I S p a Ce y IO m a SS Location: FARGC, ND Displaced power derived From lignite coal %
Lat: 46,9 Long: -96.3 Elew: 2740 m
pOWe r Feedstock Displaced power detived from natural gas %
Displaced power derived from ail %

Tatal Biomnass Resource: 72764 dry tonsfyear
Total displaced fossil fuels (100%:) kS

Biornass HHW': 7592 Brufdry |b
Mote: This section compares greenhouse and pollutant emissions associated with biomass power and the fossil fuels it displaces, Displaced Fossil Fuel
technologies should surn ko 1009,

Plant Specs

Mameplate: 11045 kitle

Emissions Compatison

Biopower System Cost
Installed Cost per Capadity: § 3755 7jlie

Feedstock Costs

Biornass Cost: $3,15MMBLY

Utility Rate

Financing

Tax Credit Incentives &

Payment Incentives

Annual Performance

Dregradation: 0 %% per year
Anvailability: 35 %6

% & 0l

42
D



SAM Demo

RUNNING SAM, RESULTS

National Renewable Energy Laboratory Innovation for Our Energy Future



Running the model @

Click the green arrow on the bottom left to run the model

© SAM 2011.10.6: untitled1

File Case Resuls

Developer  Help

Simulations  Tools
¥ My project %

[ Select Technology and Market. .. ] [ Biopower, Commercial ] _ 100°% 0

SAM displays a
progress bar while —
the model is running __| I—

Climate

Marneplate Capacity 110458.3 lw
Location: FARGO, MD

Lat: 46,9 Long: -96.8 Elew: 274.0
™ = " _ Total Direck Cost 33,195,179.93 |§
Feedstock
Tatal Installed Cast 41,493,974.92 ¢
Total Installed Cost per Capacity 3,795.70 | $ikw

Analysis Period years
Inflation Rate °.-"o
Real Discount Rate %

Total Biomass Resource: 72764 dry tonsfyear
Biornass HHY: 7592 Brujdry b

Plant Specs
MNameplate: 11043 kite

Emissions Comparison

>
%
pe

Biopower System Cost

Installed Cost per Capacity: § 3755.7 ke
Feedstock Costs

Biornass Cost: $3.15MMBty

Utility Rate

Financing

Tax Credit Incentives

>

Payment Incentives

Annual Performance

Dregradation: 0 % per year
A ailabilicy : 85 %

4.4




Default Results Page w

When SAM completes the model run, it will default to display graphic results

& SAM 2011.10.6: untitled?

File Case BEEENIEN Simulations Tools Developer Help
&2 My project % =
Select Technolagy and Market... ] [ Biopower, Commercial ] 9
~ iF P A\
System Summary E = l] Graphs and Charts  ||FTE| Data Tables 9 Base Case Cash Flow m Base Case Time Series
Climate [ Add a new graph. ., ] [ Edit... ] [ Remove ] [ Remove Al Copy Graph Data ] [ Shows Graph Data ]
You can always see | wwmmonmw Wicoered LCDE (Base Case)
Lat: 46,3 Long: -36.8 Elew: 2740 m [ LCoBreakwia incentives) T
u [CILCoE Maminal
the most current set | reeses — - Bt enes
- - Total Biornass Resource: 72764 dry tonsjyear
of results by clicking | em= e ot
the “Results” E
on the esults Namaplat: 11045 e
bu l I On Emissions Comparison E s
Biopower System Cost M B
alled Cost per Capacity: § 37557 ke e
=
Z e
ml
Biornass Cost: 3.1 <
Utility Rate E"\] 5
Financing 4
Tax Credit Incentives Eln
bt
2L
L & NS SV
1l
Wh howi
e n S OWI ng annual Energy (kiwh) 80,296,536 o
Annual biomass usage (dry tons/yr) 72,764 LCOE Real LCOE(reakuo incentives) LCOE Momninal LOOE(nom-wja incentives)
resu Its SAM iannual Capacity Factor (%) 3.0
7 Gross Heat Rate (MMBEU/MWh) 13.76
- - Met Heat Rake (MMELU/Myh) 12.87 LCOE (Base Case) After Tax Cashflow (Base! Monthly Dutput (Base Case Annual Output (Base Case! Cost per Watt (Base Case) Stacked Real LCOE (Base { **
d IS p I ays ba S I C Thermal efficiency, HHY (%) ?4.8 P ] P | L —— I e (RTRT R R P L
Thermal efficiency, LHY (%) 26.5 E N £ £ & H -
. LCOE Mominal 5.76 ¢/kih 2 I & ‘ | B
[[letncs on the LCOE Real 7.46 ¢/kivh Tl [l °, -
After'tax MPY $ 1,558,720.5 (TR OOBS ol (et SRR FERO AN SO O frrsieiinn ol 3
Payvhack Period 14.78 =
bottom left . < 45




Results — Default Graphs w

LCOE (Base Case)

11F

LCOE Real
10F DLCOE(reaI—Wf o incentives)
[]LCOE Nominal

SA M C re a te S Seve ra I I ILcoEom-w/o incentives)

graphs by default, :
showing financial and F

energy generation results i

a
LCOF Real  LCOE(real-wi/o incentives)  LCOE hNominal LCOE(nom-wi/o incentives)
After Tax Cashflow (Base Case) Monthly Output (Base Case)

15,000,000+ 1 7,000,000 F 1
6,500,000 .
10,000,000 1 6,000,000 F 1
5,500,000 F ]
5,000,000 1 5,000,000 F ]
I l 4,500,000 - E

OF ..- _________ = s D e
4,000,000 .
- Z 3,500,000F ]
5,000,000 — 3,000,000+ 1
2,500,000 F .

-10,000,000 .
2,000,000 F 1
1,500,000 ,

-15,000,000 - —
1,000,000F .
500,000 F 1

-20,000,000 .

0

0123456789 10111213141516 17 161920 21 22 2324 25 26 27 28 20 30 lnoFeb Mo Apr My an o Aug sep Ot oy Dec



Results — Tabular Cash Flow

Numeric values can easily be viewed and exported

= SA i (.6 1 L]
File Case Results Simulations Tools Developer Help
Select &3 My project hd
A\ 14
Ba Se Ca Se Ca Sh FI OW [ Select Technalogy and Market. .. ] [ Biopower, Commercial ] 0
A .
Or System Summary 2 = ij Graphs and Charts Data Tables ‘) Base Case Cash Flow Base Case Time Seties
A\ I n H
Data Ta b eS tO VIeW Climate [ Copy to clipboard ] [ Save as C5Y... ] [ Send ko Excel
numerlc data Location: FARGO, MO i} 1 7 3 4 A
Lat: 46.9 Long: -95.8 Elew: 274.0 m Energy {kWh) 0 68,292,055 6,252,055 65,252,095 68,292,055 3
Fecrstock = % Energy Yalue (%) 0 §190,246.63 8,395,002.8 §,604,877.86 &,519,900.81 9,0
Total Biornass Resource: 72764 dry tonshyear Operating Expenses
Biarnass HHW 7592 Brufdry b Fixed O&M Annual i i 0 i i
Plant Specs : Fixed O&M 0 2,209,653.32 2,264,894.66 2,321,517.02 2,379,554.95 2,
3 ¥Yariable 0O&M 1] 273,0058.22 279,835.43 286,5829.26 2593,999.99 e
Mameplate: 11046 kite Biomass Feedstock 0| 3,485,825.77 3,572,971.41 3,662,295.7 3,753,853.09 3,8
Emissions Comparison Insurance 1] 414,939.75 425,313.24 435,946.07 446,844.73 2
it Propetty Assessed Yalue 0 41,493,974.92 41,493,974.92 | 41,493,974.92 41,493,974,92 41,c
Biopower System Cost = Property Taxes 1] 414,939.75 414,939.75 414,939.75 414,939.75 4
{5 ) Met Salvage Yalue a a i} ] ]
Dperating Costs 0 6,798,366.81 6,997,952.48  7,121,527.8  7,289,1925 7F¢
= - 1 1 b Deductible Expenses 0 -6,798,366.81 -6,957,952.45 -7,121,527.8 -7,289,192.5 -7
inancing
il | E ki 50,296,536
Pl b:;i:gzs(usag)e Gyt [rz764 Debt Balance 0/-20,746,987 46 -20,484,560,65 20,206, 368,23 -19,911,525.47 -19,5
rnual Capacity Factar (%) ey Debt Interest Payment 0 1,244,819.25 1,229,073.64 1,212,363.29 1,194,601.53 1,1
Gross Heat Rabe (MMBL M) 13.76 Debt Repayment 0 262,426,651 278,172.42 294,862,765 312,554,553
et Heat Rate (MMELUMWH) 12,87 Debt Total Payment 0 1,507,246.06 1,507,246.06 1,507,246.06 1,507,246.06 1%
Thermal efficiency, HHY (%) 24,8
Thermal efficiency, LHY (%) 26,5 Federal IBI 0
LCOE Marninal 9,76 ¢/kwh Tl 0
LCOE Real 7.46 ¢fkih o
Ukility IBI 0
fter-tax NPV $ 1,958,720.57 'h' 2 . v
Fayback Period 14,78 Other IB1 N =




&

Results — Data Tables

Numeric values can easily be viewed and exported

@ SAM 2011.10.6: untitled1 =13

File Case Results Simulations Tools Developer  Help
#2 My project X v
Select Technology and Market. .. ] [ Biopower, Commercial ] 9
~ y
System Summary 2 ij Graphs and Data Tables Base Case Cash Flow m Base Case Time Series
- A 4 -
Climate Choose Simulation: |BM V| [ Copy ko clipboard ] [ Save as CIV... ] [ Send to Excel ]
Location: FARGC, MHD y Available system output {k'Wh) Boiler Efficiency Power Block E
Lat: 46.9 Long: -96.8 Elev: 274.0 m & Metrics 1 8014.67 72,1346
= & Single Yalues 2 8008,49 72,1636
Feedstock
5 Monthly Data 3 8001, 44 72,2076
Total Biornass Resource: 72764 dry tonsfyear |:> Annual Data 4 7996.9 77,731
Biomaszs HHY': 7592 Btufdry |b = |;> Hourly Data 5 7991 45 72,2541
Plant Specs . I .Cw.a||able.s.ystem output {kiwh] 5 708658 77,3503
- ¥ Eailer Efficiency = 986,68 23,9797
Marneplate: 11042 kite [ Electricity demand (kiwh)
- 8 7989.57 72.268
- . [~ Electricity load (kivh) 2091 36 22,7584
Emissions Comparison [~ Electricity price with syskem ($ 9 ! :
. [~ Electricity price without sysken 10 FEEAL A T
Biopower System Cost 0 o I Electricity to grid (kwh) ad 7931 .46 72.2551
= [T Peak electricity demand (ki) | |12 79315 72,2533
[T Peak eleckricity load (kW) 13 8006.61 721773
=) . -Q- i] ™ Peak electricity to arid (kwy | |14 §020.78 72,1001
- -l I 1 > ¥ Power Block Efficiency 15 8035.76 720176
. [T Purchases with system () 16 045,45 71.9649
.
[T Purchases without swskem ($3 | |17 B056 71.9071
i””"'a: E"erg" () it ?g’ ?22’535 I Revenue with system (§) 18 8065 63 71,654
nna |0ma§5 usage [dry tons/yr) ! [T Revenue without syskem ($) 19 071,72 71.8201
annual Capacity Fackor (56) 3.0 [ Sales with system (4] ! :
(aross Heat Rate (MMBELMWH) 13.76 I sales without system (£} 20 8078.57 71,7813
Met Heat Rate (MMBEL/Mh) 12.57 Ales Witholl System 21 054,74 71.7473
Thermal efficiency, HHY [94) 24.8 22 053,21 F1.7279
Thermal efficiency, LHY (%) 6.5 23 a090.5 F1.7134
bt Y 16882057 ¢ 5|25 el 717zs2
er-tax ,558, 720, 2
Pavback Period 14,78 Clear all iﬁ B084.76 717475 48}




Results — Base Case Time Series -~

View results as time series graphs

£ SAM 2011.10.6: untitled1

File Case Results Simulations Tools Developer Help

&2 My project ¥

Select Technology and Market. .. ] [ Biopower, Commercial ]
~ i .
System Summary 2 = i] Graphs and Charts Data Tables e Base Case Cash jflow m Base Case Time Series

Climate | Heat Map | Monthly Profile | POF { COF || Duration Curve ScatM /
Location: FARGO, MD DSynchronize with Heat Map | Line Graph w

Lat: 6.9 Long: -96.8 Elev: 274.0 m 10,000
_ 1 [ Boiler Efficiency ()
Feedstock % w000 [ [ Power Elack Efficiency ()
Total Biorass Resource: 72764 dry tonsfyear — F R I I:‘ Available system output (kWb
Biornass HHW: 7532 Brufdry |b [ [ Electricity load (kb
&,000 -
Plant Specs - WWMMW\M [ [ reak electricity load (ki
[ [ Electricity to qrid (ki
Mameplate: 11048 kil 7,000 - 1 [ [ peak electricity to arid (k)
Emissions Comparison [ [ Electricity demand fkih)
i 6,000 4 [J [ Peak electricity demand (ki
Biopower System Cost M [ [ Electricity price with system ($/kWh)
i - [ [ sales with system ($)

Irstalled © Capacit: % 37557 kit el v E s 7
netalles ast per Capacity -] = D D Purchases Wlth system ($)

o 4000 |- 1 [ [l revenue with syskem (4

! E-. - ] i 1 [ Electricity price withaut system ($ikh)

[ [ 5ales without system ($)

j 3,000 - 4
[ [ Purchases wihout system (6)

Annual Energy (kivth) 80,296,536 [] []Revenus without system (4)
annual biomass usage (dry tons/yr 7Z,764 =000 J

Annual Capacity Fackor (%) 3.0

Gross Heat Rate {MMEEU/Mnh) 13.76

Mek Heat Rate (MMBEU/MWH) 12,87 1,000 - ] T
Thermal efficiency, HHY (%) 24.8

Thermal efficiency, LHY (%) 26.5 @ | | 1 i | { | i { | { e e

LZOE Mominal 2,76 ¢/kwh Jan Feb Mar Apr May Jun Jul Aug Sep St Mo Drec Top ¥ Min:

LCOE Real 7.46 ¢fkivh Marth

fter-tax HPY $ 1,556,720,57 Betion bl

Payback Period 14.78 < 2] ZoomIn ][ Zoom Out ][ Zoom to it | Bokkar ¥ Min:

49
D



Results — Base Case Time Series -~

View results as time series graphs

£ SAM 2011.10.6: untitled1

File Case Results Simulations Tools Developer Help

&2 My project ¥

Select Technaolagy and Market. .. ] [ Biopower, Commercial ] 9

-~
System Summary 2 — i] Graphs and Charts
] | Heat Map | Monthly Profile | PDF { CDF | Duration Curve || Scatker Plot\ /

Data Tables e Base Case Cash Flow Base Case Time Seties

Climate
Location: FARGO, MD [ synchronize with Heat Map M
Lat: 6.9 Long: -96.8 Elev: 274.0 m 10,000
_— 1 [ Boiler Efficiency ()
Feedstock % w000 [ [ Power Elack Efficiency ()
Total Biorass Resource: 72764 dry tonsfyear — F R I I:‘ Available system output (kWb
Biornass HHW: 7532 Brufdry |b [ [ Electricity load (kb
&,000 -
Plant Specs - WWMMW\M [ [ reak electricity load (ki
[ [ Electricity to qrid (ki
Mameplate: 11048 kil 7,000 - 1 [ [ peak electricity to arid (k)
Emissions Comparison [ [ Electricity demand fkih)
| 6,000 [ ] ek, electricity deman
[0 Ol Peak electricity demand (ki)
Biopower System Cost M [ [ Electricity price with system ($/kWh)
iy = [ [ 5ales with system ($)

Tnstalled G Canacity: & 3755 7 ki) ad v E =00 7
netalles ast per Capacity -] = D D Purchases W|th system ($)

o 4000 |- 1 [ [l revenue with syskem (4

y - » ectricity price withaut system
& = N ) Electricity price withaut system (5ikwh

[ [ 5ales without system ($)

j 3,000 - 4
[ [ Purchases wihout system (6)

Annual Energy (kivth) 80,296,536 [] []Revenus without system (4)
annual biomass usage (dry tons/yr 7Z,764 =000 J

Annual Capacity Fackor (%) 3.0

Gross Heat Rate {MMEEU/Mnh) 13.76

Mek Heat Rate (MMBEU/MWH) 12,87 1,000 - ] T
Thermal efficiency, HHY (%) 24.8

Thermal efficiency, LHY (%) 26.5 @ | | 1 i | { | i { | { e e

LZOE Mominal 2,76 ¢/kwh Jan Feb Mar Apr May Jun Jul Aug Sep St Mo Drec Top ¥ Min:

LCOE Real 7.46 ¢fkivh Marth

fter-tax HPY $ 1,556,720,57 Betion bl

Payback Period 14.78 < 2] ZoomIn ][ Zoom Out ][ Zoom to it | Bokkar ¥ Min:
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D



Modeling Biopower Projects with SAM

Thank You!

National Renewable Energy Laboratory Innovation for Our Energy Future



