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About this Getting Started Guide

This Getting Started guide introduces you to HOMER Legacy by walking you through eleven steps. You
will start by providing HOMER with information, or inputs, about power system designs that you want to
consider. HOMER will simulate system configurations, create a list of feasible system designs, and sort
the list by cost-effectiveness. In the final step, you will use HOMER to perform a sensitivity analysis. By
going through each step in the guide, you should become familiar with the software, and develop
enough experience to start using the model on your own.

It should take about an hour to complete this exercise.

The online version of this guide
You can open an online version of this guide by choosing Getting Started on HOMER's Help menu.

Checking your work as you go

Throughout the guide are illustrations that show how HOMER should look as you use the software. Be
sure to compare what appears on your computer screen to the illustrations to make sure that you have
correctly completed each step.

About Tips and Notes

Throughout this guide, tips and notes provide additional information to help you better understand how
HOMER works. A note is important information that you should read to better understand the step of
the exercise that you are completing. A tip is supplementary information that you may find useful for
your future work with HOMER, but is not essential to understand to complete the exercise.

Welcome to HOMER

What is HOMER?

HOMER, the micropower optimization model, simplifies the task of evaluating designs of both off-grid
and grid-connected power systems for a variety of applications. When you design a power system, you
must make many decisions about the configuration of the system: What components does it make sense
to include in the system design? How many and what size of each component should you use? The large
number of technology options and the variation in technology costs and availability of energy resources
make these decisions difficult. HOMER's optimization and sensitivity analysis algorithms make it easier
to evaluate the many possible system configurations.

How do I use HOMER?

To use HOMER, you provide the model with inputs, which describe technology options, component

costs, and resource availability. HOMER uses these inputs to simulate different system configurations, or
combinations of components, and generates results that you can view as a list of feasible configurations
sorted by net present cost. HOMER also displays simulation results in a wide variety of tables and graphs
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that help you compare configurations and evaluate them on their economic and technical merits. You

can export the tables and graphs for use in reports and presentations.

When you want to explore the effect that changes in factors such as resource availability and economic
conditions might have on the cost-effectiveness of different system configurations, you can use the
model to perform sensitivity analyses. To perform a sensitivity analysis, you provide HOMER with
sensitivity values that describe a range of resource availability and component costs. HOMER simulates
each system configuration over the range of values. You can use the results of a sensitivity analysis to
identify the factors that have the greatest impact on the design and operation of a power system. You
can also use HOMER sensitivity analysis results to answer general questions about technology options to
inform planning and policy decisions.

How does HOMER work?

HOMER simulates the operation of a system by making energy balance calculations for each of the 8,760
hours in a year. For each hour, HOMER compares the electric and thermal demand in the hour to the
energy that the system can supply in that hour, and calculates the flows of energy to and from each
component of the system. For systems that include batteries or fuel-powered generators, HOMER also
decides for each hour how to operate the generators and whether to charge or discharge the batteries.

HOMER performs these energy balance calculations for each system configuration that you want to
consider. It then determines whether a configuration is feasible, i.e., whether it can meet the electric
demand under the conditions that you specify, and estimates the cost of installing and operating the
system over the lifetime of the project. The system cost calculations account for costs such as capital,
replacement, operation and maintenance, fuel, and interest.

Optimization: After simulating all of the possible system configurations, HOMER displays a list of
configurations, sorted by net present cost (sometimes called lifecycle cost), that you can use to compare
system design options.

Sensitivity Analysis: When you define sensitivity variables as inputs, HOMER repeats the optimization

process for each sensitivity variable that you specify. For example, if you define wind speed as a
sensitivity variable, HOMER will simulate system configurations for the range of wind speeds that you
specify.

HOMER on the Internet

The HOMER Web site, www.nrel.gov/homer, contains the latest information on the model, as well as
sample files, resource data, and contact information. Software distribution is now handled through a
private company at www.homerenergy.com, which offers a free version and sample data files in

exchange for registration on their web site. A commercial version is also available.

www.SoftGozar.Com
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Step 1: Formulate a question that HOMER can help answer
HOMER can answer a wide range of questions about the design of small power systems. It is useful to
have a clear idea of a question that you want HOMER to help answer before you begin working with
HOMER. Examples of the kinds of questions that HOMER can answer are:

e s it cost-effective to add a wind turbine to the diesel generator in my system?

e How much will the cost of diesel fuel need to increase to make photovoltaics cost effective?

o  Will my design meet a growing electric demand?

e s it cost-effective to install a microturbine to produce electricity and heat for my grid-connected
facility?

For this exercise, let us assume that diesel generators typically serve small loads in a remote area, and
that we want to use HOMER to find out whether it makes sense to add wind turbines to such systems.
The question we will use HOMER to help answer is: How do changes in average wind speed and fuel
price dffect the feasibility of adding wind turbines to a diesel-only system design?

Step 2: Create a new HOMER file

A HOMER file contains all of the information about the technology options, component costs and
resource availability required to analyze power system designs. The HOMER file also contains the results
of any calculations HOMER makes as part of the optimization and sensitivity analysis processes. HOMER
file names end in .hmr, for example: WindVsDiesel.hmr.

When you start HOMER, it looks for the most recently saved file and opens it. If HOMER can not find the
file, it displays a blank window.

For this exercise, create a new HOMER file:

1. Click New File O , or choose File, New from the menu to create a new HOMER file. HOMER displays
a blank schematic on the Main Window.

Equipment to consider ——— | Add/Remaove...

Click the Add/Femove
button to add lnads and
Components.

Resources ——— [ther

Ql E conomic:s
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Tip: You can also open an existing HOMER file by clicking Open File.

Step 3: Build the schematic

HOMER compares multiple technology options for a power system design. The schematic represents all
of the technology options that you want HOMER to consider: it is not a schematic of a particular
system's configuration. You build the schematic to give HOMER information about the components to
consider to answer your question. The schematic may include components that are not in the optimal
design.

In this exercise, HOMER will simulate systems that include wind turbine and diesel combinations to
answer the question “How do changes in average wind speed and fuel price affect the feasibility of
adding wind turbines to a diesel-only system design?”

Add/Rermove...
1. Click Add/Remove _ to choose the components that you want HOMER to consider.

HOMER displays all of the possible components in the Add/Remove window.
2. Select the Primary Load 1 check box.
3. Select the Wind Turbine 1, Generator 1, and Battery check boxes.

Loads Components

@ ¥ Primary Load 1 f v f‘_f[} ¥ Generator 1 =1 W Battery 1
@ [~ Primary Load 2 ,!\ v wind Turbine 1 f‘_f[a. [ Generator 2 & [ Battery 2
&1 I Deferable Load ,{\ ™ “wind Turbine 2 “m [ Generator 3 B [ Battery 3
-é, [~ Thermal Load 1 i?:[ [~ Hydio [“_f[;. [T Generator 4 &1 [ Battery 4
-E:, ™ Themal Load 2 [T Corwerter iz [ Generator 5 & [ EBattery 5
? [~ Hydrogen load [E] [ Electlyzer [‘_53. [~ Generator B &1 [ Battery &
® [T Hydiogen T ank f‘_fa. [T Generator 7 B [ Battery 7

& [ Refarmer rja- [~ Generator 8 B [ Battery 8

-lﬁB' [™ Generator 9 &1 [ Battery 3
“m [ Generator 10 & [ Battery 10

Girid

&+ Do not model grid
;1: " System iz connected to grid
" Compare stand-alone system to arid extension

4. Click OK to return to the Main window.

Tip: Every system design must include either a primary load (a description of the electric demand),
deferrable load, or be connected to a grid.

HOMER displays buttons on the schematic that represent the load and components (wind turbine,
diesel generator, and battery).

In the Resources section (directly below the schematic) HOMER displays buttons for the resources
that each component will use. In this case, buttons for the wind and diesel resources appear in the
resources section of the schematic.

HOMER Legacy v2.68 (January 2011) Page 6



The Micropawer

Optimization Model Gettlnq Started Gulde

Equipment to conzider

@ “Wind Turbine 1

Generator 1 Frimary Load 1
0 kiwh/d =]
0 kA peak S4K525P

AC LC
Fesources ——— Other

_| Wwind rezource @l Economics

¢ Diesel £ System contral

i‘_‘IEmissiofs www.SoftGozar.Com

Step 4: Enter load details

The load details are inputs to the HOMER simulations. The load inputs describe the electric demand that
the system must serve. This section describes how to import a sample load file.

1.
2.

Click Primary Load 1 gl on the schematic to open Load Inputs.
Type Remote Load as a label for the load.

Label IHethe Load Load types & AC ™ DC

Choose AC as the load type.
Choose Import hourly data file and then click the Import File button to open the sample load file
Remote_Load.dmd.

Diata source: § Enter daily profilefs] = Import time series data fils Irport File... |

Note: This sample file is located in the same directory as the HOMER program (homer.exe) in a
sub-directory called Sample Files.

HOMER Legacy v2.68 (January 2011) Page 7
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HOMER displays the daily load profile in the table and graph.

Bazeline data [frnﬂm

ol IJanuary j m

Jppa T E————

120
[y tupe IWBBkda_',J R I Hﬁ - Il i.h f HI FII |l'|I 1y J1l |1|Il¥|'.|:':ll a6
Hour Load (kw] =] 2. 8 ﬂ w J # .lu 1 I | 72
0000-0:00, 205 | B 4 2 i i "; H.,'? } F B -
5 3 b wifl i i u|... 24
0100 - 0200 1.356 2 £ oo
0200 - 0300 1.833 5 ’
0300 - 04:00 1.823 0 24 Jan Feb Mar Apr MayJun Jul Aug Se
04:00 - 05:00 1.850
05:00 - 06:00 2.270 12 Seasonal Profile
0600 - 0700 2.843 e
T SRR | I R O R | -
08:00 - 09:00 4058 T s mean
09:00 - 10:00 4041 3 daily low
10:00 - 11:00 3984 2 rmin
1100 - 1200 f142 LI 0 Jdan Feb Mar Apr May Jun Jul Aug Sep Ot MNowv Dec Ann

R andom wariability

Dasinden | 197 3% Baseline | Socaled Effiziency Inputs... |

Time-step-to-time-stepl 1658 % :WLW 3553 2553
_average kW] | i -

Flat... | Export... |

I— Peak[kw] | 156 15
Scaled annual average (kwh/d) 85 _I{"} Load fachor 0308 0.308 ITIpI Cancel | OF. |

Tip: You can also create a load profile by entering 24 values in the Load Profile table.

5. Click OK to return to the Main window.

On the schematic, notice the arrow that now connects the load button to the AC bus and shows the
direction of energy flow. Also note that the label you typed, "Remote Load," appears on the
schematic, along with the values of the average and peak demand.

Equipment bo conzider ———————
A
Wind Turbine 1

[3eneratar 1 Remote Load
35 kw/h/d El
11 ki peak, S4k525F
aC DC

Step 5: Enter component details

The component inputs describe technology options, component costs, and the sizes and numbers of
each component that HOMER will use for the simulations. This section describes how to enter cost data
for diesel generators, wind turbines, and batteries. The costs in this exercise may not reflect real market
conditions.

1. Click Generator 1 Q"I on the schematic to open Generator Inputs.

HOMER Legacy v2.68 (January 2011) Page 8
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2. Inthe Costs table, enter the following values: Size 1, Capital 1500, Replacement 1200, O&M 0.05.
Note that O&M stands for operation and maintenance. Generator O&M costs should not include
fuel costs, since HOMER calculates fuel costs separately.

Costs

Size k] | Capital [$] | Replacement ($] | D&M [$/hr]
1.000 1500 1200 0.050

This tells HOMER that installing a diesel generator in the system initially costs $1500 per kilowatt,
that replacing the generator would cost $1200 per kilowatt, and that it will cost $0.05 per hour per
kilowatt to operate and maintain. Notice that HOMER plots the cost curve based on the values you
enter in the Costs table.

Tip: For this example, the cost curve is linear: HOMER assumes that the cost and generator size are
related linearly, i.e., that the installation cost of hardware is $1,500 for 1 kilowatt worth of diesel
generation, $3,000 for 2 kilowatts, $4,500 for 3 kilowatts, etc. You can define a non-linear cost curve to
account for quantity discounts and economies of scale by adding rows to the Costs table with values
that do not follow this linear pattern. As you enter values in the table, HOMER automatically creates a
blank row at the bottom of the table so that you can add additional values as needed.

3. Inthe Sizes to consider table, remove 0.000 and 1.000, and add 15. To remove a value, you may
right-click on it and select Cut from the pop-up menu. The values in the Sizes to consider table are
called optimization variables. The table should look like the one shown below:

Sizes to consider —
Size (ki)
15.000

Note: HOMER automatically adds zero and any sizes that you entered in the Costs table to the Sizes to
consider table. You can leave these values in the Sizes to consider table if you want HOMER to simulate
systems with these component sizes, or delete and add to them if you want HOMER to simulate
different sizes.

HOMER will simulate systems with a 15 kilowatt generator. On the Cost curve, notice that HOMER
displays the optimization variables as diamonds:

25 Cost Curve
=201 |
215
=
# 10
]
o gl
a . 1
a B 10 15
Size (KW}

=== (Capital === Heplacement

www.SoftGozar.Com
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HOMER uses the values in the Costs table for the system costs calculations that are part of the
simulation process to determine how much installing, operating, and maintaining the diesel
generator will add to the power system's cost. The optimization variables tell HOMER how much
diesel generator capacity to include in the various system configurations it will simulate.

Click OK to return to the Main window.

Click Wind Turbine 1 il on the schematic to open Wind Turbine Inputs.
In the Turbine Type list, click Generic 10kW to select the generic 10 kilowatt wind turbine. HOMER
displays the Generic turbine's power curve. Notice the rated power of this turbine is 10 kW DC.

Turbine bwpe | Genenic 10kW j

[urbine proper B/L Ewcel-R o

BWIC Ewncel-5
Abbreyviatiol BT =L, 1

Enercon E33

Rated pow Enteqrity et 15

Manfactun £ el 5nder 100

Wiebzite:  |Fuhrlander 260

Fuhirlander 30

GE 1.5sl

(Genenc 10k

Generic Tk

Generc 20k

Genenc Jkiw

Marthern Power NYw100/19

~osts FGE 11/35

B FGE 20/25

Cuantity || 5w AR =

15 Skyztream 3.7 B

S’ w'higper 100 -

S Whisper 200

S Wihizper BO0

Yestaz WEZ

JWwWES 18 J
WES 30

| WES 5 Tulipo ]

I Fmbimmm T sl T TH T

In the Costs table, enter the following values: Quantity 1, Capital 30000, Replacement 25000, O&M
500. This corresponds to $3000/kW capital cost for small wind turbines. HOMER automatically
displays 0 and 1 in the Sizes to consider table.

Costs

Quantity | Capital ($] | Replacement ($] | D&M [$/1]
1 30000 25000 500

Note: The O&M (operation and maintenance) cost for a wind turbine is expressed in dollars per year
(S/yr), and not in dollars per hour (S/hr) as it is for a generator.

8. Click OK to return to the Main window.

9. Click Battery @ on the schematic to open Battery Inputs.

www.SoftGozar.Com
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10. In the Battery Type list, click Trojan L16P to select the Trojan model L16P battery. HOMER displays
the battery's properties.

B attery type

Surrette K525

[

B attery propes
b &
s

Coztz

[Iuantity

Advanced —

Hoppecke 10 0Fz5 1000
Hoppecke 12 OF=z5 1500
Hoppecke 16 OFz5 2000
Hoppecke 20 OFzS5 2500
Hoppecke 24 OF=z5 3000
Hoppecke 4 OPzS 200
Hoppecke B OP2S 300
Hoppecke & OP25 GO0
Hoppecke 8 OP25 800
Surrette 4K525P

Sumette BCS 25

Sunmette S460

Trojan T-105
5B US-250
JSB US-250HC
5B U5-305

B attd “izion GFR 2000

[ Miriny

"Wizion BFR 550

"izion CP122400
YWizion CPE100D
WHRB-ESS Flow Bathery

11. In the Costs table, enter the following values: Quantity 1, Capital 300, Replacement 30, O&M 20.
12. In the Sizes to consider table, delete 0 and 1, and add 8.

Costs

Quantity | Capital [$] | Replacement ($] | D&M (3]

Sizes o congider

B atteriez

1

300

300 20,00

13. Click OK to return to the Main window. You are now finished entering component information. The

schematic should look like this:

Equipment to conzider
Generic 10kMW
Generatar 1 Remote Load [ . e
25 kw'hid
11 k' peak L16P
AL DC
Fesources Cther
_| Wwind rezource @l Economics
¢ Diesel £ System contral
ij Ermizzions
(5 | Constraints
www.SoftGozar.Com

HOMER Legacy v2.68 (January 2011)

Page 11



The Micropower
Optimization Model

Getting Started Guide

Step 6: Enter resource details

The resource inputs describe the availability of solar radiation, wind, hydro, and fuel for each hour of the

year. For solar, wind, and hydro resources, you can either import data from a properly formatted file, or

use HOMER to synthesize hourly data from average monthly values.

This section describes how to define resource inputs for wind and fuel, which are the resources required
by the two components HOMER will simulate: wind turbines and diesel generators.

1. Click Wind resource ﬁ to open the Wind resource inputs window.
2. Choose Import hourly data file, then click Import File and open Sample_Wind_Data.wnd.

Diata saurce: ( Enter monthly averages % Impart ime series data file Impard, File... I
LAk

Tip: HOMER can synthesize hourly wind speeds for a whole year from 12 monthly values, a Weibull K
value and the other parameters. See Help for more information.

The baseline data is a set of 8,760 wind speed values that describe the wind resource for a single
year. Pay special attention to the baseline annual average value (at the bottom of the wind speed
table), and the scaled annual average.

B azeline data [fram 5 ample_*ind_Data wnd]

Manth YWind Speed
[rnz]
Jaruary 4734
February 5.702
tarch 3333
April 4121
bl ay 4 062
June 2 664
July 672
ALgust 3E30
S eptember 2534
O ctober 4.823
Hovember B.587
December ¥.195

Annual average: 4.500

Sealed annual average [m @

HOMER uses scaled data for simulations to allow you to perform a sensitivity analysis on resource

Wind Resource

6

o

Wind Speed [mis)
hI\J Y

=]

LRI

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

Other parameters

Advanced parameters ————

Altitude [m above zea level] I n Wweibull k. 1.95

Anemorneter height [m) I 10 Autocormelation factor I ne33

Variation with Height... |

Diurnal pattern ztrenagth I 0233
Hour of peak windzpeed I 13

Plat... | E=port... |
Help | Carnicel | ()%

availability. To create scaled data, HOMER determines a scaling factor by dividing the scaled annual
average by the baseline annual average and multiplies each baseline value by this factor. By default,
HOMER sets the scaled average equal to the baseline average, which results in a scaling factor of

one. You can change the scaled annual average to examine the effect of higher or lower wind

speeds on the feasibility of system designs.

HOMER Legacy v2.68 (January 2011)
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Note: HOMER will interpret a scaled annual average of zero to mean that there is no available wind
resource.

For this exercise, the scaled annual average is the same as the annual average, so HOMER will use
the baseline data for simulations. In Step ten: Add sensitivity variables, we will see how to use the
scaled annual average to examine how wind speed variations affect the optimal system design.

3. Set the anemometer height to 25 m, indicating that the wind speed data were measured at a height
of 25 meters above ground.

Other parameters

Altitude [m above zea level] I 1]
Anemometer height [m) I 25

Variation With Height .. |

4. Click OK to return to the Main window.

5. Click Diesel il (in the Resources section) to open the Diesel Inputs window.
6. Setthe diesel price to $0.4 per liter.

Price [$/L] | 0.4 ﬂ

7. Click OK to return to the Main window. WWW. SOftG oZar. Com

Step 7: Check inputs and correct errors

HOMER checks many of the values that you enter in the input windows to see if they make technical
sense. If HOMER notices values that do not make sense, it displays warning and error messages on the
Main window.

For this example, HOMER displays a message suggesting that a converter should be included in the
system design. A converter is a component that converts alternating current, AC, to direct current, DC,
(rectifier); DC to AC (inverter); or both.

1. Click the Warning ﬂ button to view a more detailed message.

honer x|

The system indudes both AC and DC buses but there is no

l i converter to allow power to flow from one bus to the other. You
can solve this problem by dicking the button on the schematic
labeled Add/Remove and adding & converter,

HOMER Legacy v2.68 (January 2011) Page 13
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Warnings tell you that there may be a problem with one or more inputs. These problems may not
prevent HOMER from running, but could indicate that there is a problem with the design of the
system.

You can see on the schematic that there is no arrow between the DC bus and the load. This means
that power from the DC wind turbine will not be supplied to the AC load. The warning message
suggests that adding a converter to the system design would correct this problem.

Tip: indicates a problem that will prevent HOMER from running simulations.

2. To add a converter to the schematic, Click Add/Remove, select the Converter check box, and click
OK.

Loads Compaonents
@ ¥ Remate Load ! [ Py
@ [ Primam Load 2 ,{.\ V¥ Generic 10kWw
& I Deferrable Load ,{.\ ™ wind Turbine 2

g% [T Thermal Load 1

[ Themal Load 2 ¥ Corwerter

a" ™ Hydiogen load ectalyzer
¥ 7 Hpdrogen Tank

& [ Fefomer

3. Click Converter on the schematic to open Converter Inputs.
4. Inthe Costs table, enter the following values: Size 1, Capital 1000, Replacement 1000, and O&M
100.

This tells HOMER that the cost of either installing or replacing a converter in the system is $1,000
per kilowatt, and that it costs $100 per year per kilowatt to operate and maintain the converter.

5. Inthe Sizes to consider table, remove 1.000, and add the values 6 and 12.

Costs Sizes to consider -
Size (kW] | Capital (3] | Replacement [$] | D&M [$4u1] Size kW)
1.000 1000 1000 100 T 0.000;
E.000
12.000
L | ]

This tells HOMER to simulate system designs that include either no converter (0 kilowatts), a 6
kilowatt converter, or a 12 kilowatt converter. Since the peak load displayed on the schematic is
11.5 kilowatts, we can guess that a 12 kilowatt converter would meet the load for any hour that the
wind turbine serves most of the load. Specifying the 6 kilowatt converter allows us to find out
whether a using a smaller, less expensive converter is a more cost-effective design option.
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6. Click OK to return to the Main window.

Equipment to consider ——— | Add/Remaove...

Remaote Load Genernc 10k

85 kwhid

@—’ 11 kW peak.
[Generatar 1

{3

Corverter L16F

AC DC

HOMER can now consider systems that deliver power from the DC wind turbine to the AC load.

Tip: Notice that the converter functions as both an inverter (converting DC to AC) and rectifier (AC to
DC). This will not affect the results of an analysis of a system that only requires an inverter. You can,
however, remove the rectifier component of the converter by opening the Converter Inputs window and
setting Capacity relative to inverter to zero.

7. Inthe Main window toolbar, click Search Space (] to review the optimization variables.
' File View Inputs Outputs Window Help

NEH| B AE & 2

- . l‘:‘
| Equipment to consider |search Space | Edd.ﬂ'ﬂemwe...l

The Search Space summary table displays all of the optimization variables (sizes to consider) that
you entered in the input windows for each component. You can add and remove sizes to consider
for a component in this table, or by opening the input window for that component and editing the
Sizes to consider table there.

10 Label L1&6P Corwerter
[Cluiantity] [khae] [Cuarntity] [k
1 0: 15.00 a 0.00
2 1 .00
3 12.00

In the table for this example, the heading G10 represents the Generic 10 kilowatt wind turbine, and
Label represents Generator 1.

Note: HOMER will simulate system designs for all of the combinations in the Search Summary table. For
this example, HOMER will simulate 6 designs: 2 wind turbine quantities (G10), 1 diesel generator
capacity (Gen1), 1 battery quantity, and 3 converter capacities, or 2 x 1 x 1 x 3 = 6 designs.

8. Click OK to return to the Main window.

9. Inthe Main window toolbar click Save = and save your work to Wind_Diesel.hmr.

HOMER Legacy v2.68 (January 2011) Page 15
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Step 8: Examine optimization results

HOMER simulates system configurations with all of the combinations of components that you specified

in the component inputs. HOMER discards from the results all infeasible system configurations, which
are those that do not adequately meet the load given either the available resource or constraints that
you have specified.

1. Click Calculate ﬂl to start the simulation. While HOMER is running, the progress indicator
shows approximately how much time remains before HOMER finishes the simulation (for this
example, approximately one second, which may be too fast to see the progress bar move).

2. When HOMER is finished running the simulations, click the Optimization Results tab, and click
Overall to view a table of all feasible system configurations.

Sensitivity Hesurts

Double click on a system below for simulation results.

&l\ CB & G10 | Label | L16P | Conv. In'rti_al Operating Total COE | Ren. Diesel Label
W) W) Capital Cost (841) NPC (8/4<Wh)| Frac. L {hrs)

&3 B 15 8 & £ 30,900 22704 £321138 0810 0.00 17812 7,062

&3 B 15 8 12 § 36,900 23,459 £336785 0849 0.00 17808 7,060
fl\ @ &N 1 15 2 & £ 60,300 21614 £337154 0880 020 15772 6398
fl\ [:3 &N 1 15 2 12 § 66,9500 22,342 £352502 03889 021 15738 6383

In the Overall Optimization Results table, HOMER displays a list of the four system configurations
that it found to be feasible. They are listed in order (from top to bottom) of most cost-effective to
least cost-effective. The cost-effectiveness of a system configuration is based on its net present cost,
displayed under the heading "Total NPC" in the results tables. For this example, one diesel/battery

configuration ( o E ) wins over the other configurations, including two wind systems (

@R ),

3. Toview a table of sorted system designs, click the Optimization Results tab, and click Categorized.
In the Categorized Optimization Results table, HOMER displays only the most cost effective
configuration of each system design.

Sensitivity Results

Double click on a system below for simulation results.

L G10 | Label | L1&P | Conv. Initizl Operating Total COE | Ren. Diesel
Al o) W) | Captal | Cost (841 NP |sAwh)| Free.| L

I:‘_*B- =D 15 8 6 % 30,500 22704 £321138 0810 000 17,812 7062
II\ nE 1 15 g & £ 60,9500 21614 £337154 0850 020 15,772 6358

4. To view the details for the most cost-effective wind/diesel/converter design, double-click the second
row in the Optimization Results table.

Double click on a system below for simulation results. (¥ Categ
#L [23 G10 | Label | L16F | Conv. Initial Operating Total COE | Ren. Digsel Label
ol W) W) Capital Caost (S47) MPC (54Wh)| Frac. L) {hrs)
15 8 & £ 30,500 22704 £321138 0810 0.00 17812 7062

$ 60,900 21,614 $337194 0850 020 /72 6,393
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5.
6.

In the Simulation Results window, you can view many technical and economic details about each
system configuration that HOMER simulates. For this example, click the Electrical tab, and note that
18% of the total electric energy produced by the system is excess electricity, or energy that is not
used by the system and goes to waste. Would including more batteries in the system design result in
this excess electricity being used by the system?

Simulation Results

Syzstemn Architecture: 1 Generic 10k B k! Inverter Total HPC: $ 337.194
15 kW Generator 1 E kY Rectifier Levelized COE: $ 0.850/kWh
8 Trojan L16P Cycle Charging Operating Cost: $ 21614740
Cost Summary | Cash Fow GH] I Label I Battery I Converter I Emissions I Hourly Data I
Froduction | Kby | z Conzurnption | kxfhdr | z Guattity | kwhiw | =
Wlndlurblne 8337 20 AL primary load 3025 100 | Eucess electicity 7 AEZ 18.3
Gererator 1 I2FE a0 Tatal 3025 100 Unmet electnic load 0.00001 75 no
Tatal 40,712 100 Capacity shartage Qoo nao
Quantity | Walue
Fenewable fraction 0.205

Click Close to return to the Main window.
In the File menu, choose Save As, and save the file as Excess_Energy.hmr.

Step 9: Refine the system design

This section describes how to use the optimization results to improve the system design. For this

example, we will see if adding batteries to the system design will reduce the amount of excess energy
produced by the system.

1.
2.

Click the L16P Battery on the schematic to open Battery inputs.
In Sizes to consider, add 16 and 24. HOMER will simulate systems with 8, 16, and 24 batteries.
Sizes to conzider

Batteriez
a
16
24

Click OK to return to the Main window. HOMER displays a warning message at the bottom of the
Main window to let you know that the information in the results table does not reflect the changes
you just made.

ﬂ Y'ou have changed the inputs since HOMER calculated these results

Click Calculate %l to start the optimization process. When the simulations are finished,
HOMER displays the new results in the results tables, and also displays a warning message at the
bottom of the Main window.

_‘_\,l Tmojan L16F zearch space may be insufficient.

Click the Battery Search Space May be Insufficient Warning button él
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HOMER displays a message suggesting that you add more battery quantities to the Sizes to consider

table. Since we are not sure exactly how many batteries to add, we will add a range of new battery

quantities.

momer x|

The optimal number of batteries might be greater than the
l & maximum number you allowed, 24. You might want to specify one
or more larger numbers and run HOMER. again.

The allowable numbers of batteries are found on the Trojan L16P
window in the table called 'Sizes to consider’, and in the Search
Space window.,

If you expand the Search Space window by dicking the button

labeled Show Winning Sizes, you can see which compaonent sizes
appeared in the least-cost systems,

6. Click OK to return to the Main window.

7. Inthe Main window toolbar, click Search Space (i to open the Search Space Summary table.

8. Add 32, 40, 48, and 56 to the number of batteries.

10 Label L1EF Corvwverter
[Cluantity] [k [Guantity] (k]
1 1] 15.00 a 0.00
2 1 16 .00
3 24 12.00
4 32
5 40
B 4a
7 1]
8 |

Tip: You could also add these values to the Sizes to consider tables in the Battery Inputs windows.

9. Click OK to return to the Main window.

10. Click Calculate %l to start the simulation.

When the simulation process is finished, HOMER displays the new results for systems that include

the battery quantities that we just added to the optimization table. This time, HOMER does not

display warning messages.

As you can see in the battery column of the Categorized Optimization Results table (L16P), the most

cost-effective system configurations include 32 batteries.
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11. In the Categorized Optimization Results table, double-click the wind/diesel/battery system (in the
second row) to open the Simulation Results window.

Double click on a system below for simulation results. ¥ Cateqc
A\ i 7 G10 | Label | L16P | Canwv. Initial COperating Tatal COE | Ren. Digsel Label
(H W) W) | captal | Cost (A1) NP Ak Free | L | b
'[f[& =1 15 32 & £32.100 18,405 £273372 0685 000 14464 4318

hics(@E ] 6 6 575300

16,630

The excess electric energy produced by the most cost-effective configuration of the
wind/diesel/battery system is dramatically reduced from 18% to 1.6%.
Cost Summaryl Cash Flow G10 I Label I Baﬂeryl Comrerterl Emissions I Hourty Data I

Production | by | 4 Conzumption | Kb | 4 [uiantity | kb | A
Jwfind turbine 83w A AL primary load N.025 100 | Excess electriciy B33 164
Generator 1 30630 79 Total 3025 100 Unmet electric load 0.0000684 0.00
Tatal 38,967 100 Capacity shortage 0.0 0.00
CJuantity | Walue
Fienewable fraction 0214

12. In the File menu, choose Save As, and save the file as Reduced_Excess.hmr.

HOMER has helped us refine the system design by adding batteries to store excess energy. However,
systems with no wind are still more cost-effective than systems that use wind. Under what
conditions does it make sense to include wind turbines in the system design? To understand this
question, we will use HOMER to do a sensitivity analysis.

Step 10: Add sensitivity variables

In Step Five, you learned that HOMER uses scaled resource data for simulations. This section describes
how to enter sensitivity values for both the wind speed scaled annual average and diesel price to
perform a sensitivity analysis on these variables. The sensitivity analysis will allow you to explore how
variations in average annual wind speed and diesel fuel prices affect the optimal design of the system.
Another way to say this is that the analysis will show you the range of average annual wind speeds and
diesel prices for which it makes sense to include wind turbines in the system design.

1. Click Wind resource to open the Wind Resource Inputs window.

2. Click the Scaled annual average Sensitivities button il to open the Sensitivity Inputs window.

Scaled annual average [ms] I 45 {[t |

|Cli|:|-: to edit sensitivity values l
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3. Addthe values 4,5, 5.5, 6, 6.5, and 7 to the Average Wind Speed sensitivities table. Notice that the

base value of 4.5 is already hard-coded into row 1.
Yariable: Wind Data Scaled Average
itz mds

Link, with: I LRone: j

Walues: 4500 \ﬂ Clear |
4.000

5.000
5.500
E.000
E£.500
7.000

b B Ry O R PR )

These sensitivity values tell HOMER to simulate each system configuration using seven sets wind
speed data (scaled to each average annual wind speed value in the table).

Click OK to return to the Wind Resource Inputs window. Notice that the number of sensitivity
variables, 7, appears in between the brackets on the Sensitivities button.

Scaled annual average [maz)] I 45

Click OK to return to the Main window.

Click Diesel @ (in the Resources section) to open the Diesel inputs window.

Click Price Sensitivities button il to open the Sensitivity Inputs window.

Frice [$/L] | 0] {l!

Add the values 0.5, 0.6, and 0.7 to the Diesel Price Sensitivities table.

Yarable: Diegel Price

[ itz $/L
Link, with: I {ROnes j
Values: | 4 n.amn\il Clear |
2 0.500
3 0.600
4 0.700
5 |

HOMER will simulate each system configuration for each diesel price value in the sensitivities table.

9. Click OK to return to the Diesel Inputs window, and then click OK to return to the Main window.

Step 11: Examine sensitivity analysis results

HOMER displays sensitivity results in graphs and tables. This section describes how to view and interpret
the sensitivity results to determine under what conditions a wind/diesel system is more cost-effective
than a diesel-only system.

www.SoftGozar.Com

HOMER Legacy v2.68 (January 2011) Page 20



The Micropowe
Optimization Model

"

Getting Started Guide

1. Click Calculate %l to start the simulation. The progress bar indicates an estimate of the
time remaining until the simulation and optimization process is complete.

Simulations: ¥ of 42
Senzitivities: 4 of 28

Progresz: ([l
Statuz: 31 zeconds remaining

Tip: You can stop HOMER at any time during the simulation process by clicking Stop.

2. Click the Optimization Results tab, and click Categorized to display the table of sorted system

designs.

Sensitivity Results Optimization Results |
Sensitivity varables

taind Speed [m.-’s]l? 'I Digsel Price [$/0] 0.7 =

Dauble dic:%n a system below for simulation results.

e G10 | Label | L16P | Conv. Initial Operating Total COE | Ren. Diesel
Al & (W) W) | Capta | Cost (84n) NPC |k Fee | © | )
Y] 115 5 6 $75.300 13661  $245935 0630 058 6890 2011
&3 6 15 2 6 $38100 22744 $328842 0829 00D 14484 4318

HOMER now displays the Wind Speed and Diesel Price sensitivity variables in the boxes above the
Categorized Optimization Results table. You can see that when the average annual wind speed is 7

meters per second and the price of Diesel fuel is $0.70 per liter, wind/diesel/battery is the optimal

system type: it is more cost-effective than the system with no wind turbine.

You can explore how changes in the average annual wind speed and diesel fuel price affect the

optimal system type by selecting different wind speeds and fuel prices. For example, if the diesel

fuel price is $0.70 per liter, and average annual wind speed is 4.5 meters per second or lower,

system designs that include wind turbines are no longer optimal.

Sensitivity varables
Wind Speed [m/s] | 4.5
Diouble click on a =

e

o &

G

A

(&
GEE

4
]
BA
B
B.A
7

* | Diesel Price [$/L)]0.7 -

Hor simulation resufts. ¥ Categorized
L16P | Conv. Imitial Operating Tatal COE | Ren. Dliesel Label
W) Capital Cost (S4) NPC {5/ Wh)| Frac. (L) {hrs)
32 ) 533,100 22744 £328842 03825 0.00 14464 4318
56 & 575,300 20,014 331141 0835 021 11278 3.7

HOMER also displays sensitivity results in graphs, which can be a more useful way to look at the

results.

3. Click the Sensitivity Results tab, and click Graphic to display the table of sorted system designs.

Make or verify the following selections:

a.

In the Wind Speed list, select x-axis. In the Diesel Price list, select y-axis.

b. Under Variables to plot, select Optimal System Type in the Primary list. Select <none> in the

Superimposed list.

HOMER Legacy v2.68 (January 2011)
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| Optimization Results |
Graph type IOptin'laI gystem type ¥ l € Tabular |+

Sensttivity variables

Wwiind Speed [mds) | =-axis Y| Diesel Price [$/L]|v-axiz ¥
Varables to plot

Supermposed Imone> j New Window ... |
Optimal System Type System Types
- LabelBattery
[ wind/LabelBattery

Diesel Price ($/1)

4.0 45 5.0 5.5 6.0 6.5 7.0
Right click to copy, save, or modify Wind Speed (mis)

On the Optimal System Type (OST) graph, you can simultaneously see the results for all the wind
speeds and fuel prices you entered. The graph shows that the optimal system design depends both
on the fuel price and on the annual average wind speed.

HOMER displays the results of the simulation and optimization in a wide variety of tables and

graphs. Spend some time looking at the different graphs to familiarize yourself with these tables and
graphs.

4, Inthe File menu, choose Save As, and save the file as Wind_Diesel_Sens.hmr.
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Extra credit: Adding photovoltaics

HOMER can simulate photovoltaics (PV), fuel cells, biomass, and other energy sources with or without a
grid connection. In this extra step, we will add PV to the Wind-Diesel example. HOMER can estimate PV
output under local conditions, just as it estimates wind turbine output from the power curve and local
conditions. The first step is to download some sample solar data for use in HOMER.

1. Goto www.homerenergy.com and click the Download button on their home page.

Energy Modeling Software for Hybrid Renewable

Energy Systems

Download FREE software
The HOMER energy modeling
software is a powerful tool for [ Download J
designing and analyzing Or upgrade to HOMER 2.81

hybrid power systems, which
2. If you have not already registered, do so by providing your email address and a password. When you
have logged in, download the TMY2 sample solar data. Notice that several other sample data sets
and examples are available.

Resources

Sample data files for HOMER All 5ample Files =l Download

TMY?2 Solar data

TMY? Solardate N
Sample wind data
Philippines wind data
Visayas solar data
Legacy Software Mindanao solar data

Luzon solar data

Resource Files Download

3. Unzip at least the file “AK Cold Bay.sol” from the TMY2_Solar_Data.zip archive.
Now we will use the Cold Bay solar data in a Wind-Diesel-PV example.

1. Open the file Wind_Diesel.hmr from Step 8, and then Save As under the name Wind_Diesel_PV.hmr.
2. Use the Add/Remove L23#EEMSYE | 1\ \tton to add a new PV component to the schematic.

Loads Compaonents
@ ¥ Remate Load £ v Py
& [ Primary Load 2 AV Generic 10k

3. New buttons for PV and Solar Resource will appear on the schematic.
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4. Click on Solar Resource _| first, and input the following data: Alaska Time Zone, 55° 11’ North,

162° 43’ West. Import the time series file “AK Cold Bay.sol”“.

Laczatian

Latitude I a5 - I 11 & path © South
Longitude I'IE * I 43 O East % West

Data source: € Enter monthly averages © Import time series data file

Time zone

[(GMT-02:00) Alaska

Impp{E File...
L4

=~

5. The scaled annual average radiation is 2.15 kWh/m?/day. Notice that the daily radiation is highest in
the summer months, but the clearness index is a little higher in winter. Compare this to the wind

resource graph on page 12, which shows higher wind energy production in the winter months.

B azeline data [fram &K Cald Bay. zal]

Clearness | Daily B adiation
Month == dex | (kwihdm2/d)

January .3EE 0621
February 0.4 1.251
barch 0414 2260
April 0.379 3108
by 0,330 2446
June 0343 3928
July 0.333 3646
Araguszt 0.329 2973
S eptermber 0.315 2.009
Octaber 0.360 1.366
Movermber 0.363 0723
December 034 0446
Ayerage: 0.343 2153

Daily Radiation (kWh/md)

Global Horizontal Radiation

L

a

-

Il

1.0

F0.E

r0.6

ro.4

ro.2

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

Daily Radiation

Scaled annual average [kKiwhdndd] ‘@b

6. Click OK to return to the Main window, and then click on the PV button il
7. For PV cost data, enter 1 kW, $7000 capital, $6000 replacement, SO O&M. For sizes to consider,
enterQ, 1, 2, and 3.

Costs Sizes to congider -
Size (kW) | Capital (3] | Replacement (3] | D&M [$/ur] Size K]
1.000 7000 £000 0 0.000
1,000
i {} O S R T 3,000
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8. Notice that HOMER filled in the PV array slope from the solar resource data. This is one reason for

entering the solar resource data before the PV data.
Properties

Output curent & AC ¢ DC

Lifetime [wears) I 200 1.3 |
Deratitg Factar (3] I s L.} |

Slope [degrees BR1833) L} |

9. Click OK to return to the Main window. The schematic shows PV and Solar resource, with no
warnings other than to re-calculate the results.

Equipment bo consider —————————
— £

FI'|_‘I|'
Remate Load
35 kw'hdd
11kw peak  J— A
[aeneratar 1 Generic 10kW

b [}

Corveerter HEI
L16F

A DC
Resources ——— [ther

Solar rezource éil'l E conomics

| Wind resounce ‘.Q' Swztermn control

il Diezel ﬂ Ermnizsions

10. Click the Calculate button ﬂl. Observe that PV can be more optimal than Wind at the
$0.40/L fuel price, because of the minimum 1 kW PV size compared to 10 kW minimum Wind size.

Double click on a system below for simulation results. % Categorized! |
FHATE o | 7 [ @] ™ [WW | coew | comem | we  Joww|Fee| T |
ey 15 8 6 230,500 22,704 £321138 0810 000 17812 7,062
uil s 1 1% 8 6 537500 22588 §327534 0827 002 17664 7,084
,L ot} 1 15 8 6 5 60,500 21614 £337194 0850 020 15,772 6338
f}k s 1 1 1% 8 6 567,500 21532 £343147 0865 022 15,602 6,366

11. Save = the project, then Save As under the name Wind_Diesel_PV_Sens.hmr.

12. For Wind El resource, enter the same 7 sensitivity analysis values 4, 4.5, 5, 5.5, 6, 6.5, and 7 m/s
that were used in step 10.

13. For Diesel il, enter the same 4 sensitivity analysis values of 0.4, 0.5, 0.6, and 0.7 $/L that were
used in step 10.

www.SoftGozar.Com

HOMER Legacy v2.68 (January 2011) Page 25



HOMER

The Micropawer

Optimization Model Gettlnq Started Gulde

(5] . .
14. For Solar J resource, enter 4 new sensitivity analysis values of 1, 2.15, 3, and 4 kwh/m2/d.

Yariable: Solar Data Scaled Average
it kbt d

Link with: | <none> =]
Valugs: |4 2.150%’ Clar |
2 1.000
3 3.000
4 4,000
5

15. Click the Search Space button @, and add more battery sizes to consider: 16, 24, 32, 40, 48, and 56.

P Array 10 Label L1E6F Corerter
(kA [Cluiantity] [l [Cluantity] [k
1 0.000 ] 15.00 a 0.00
2 1.000 1 16 .00
3 2.000 24 12.00
4 3.000 a2
B a0
B 43
7 1

16. Click OK to return to the Main window, and then Save = the project.

17. Click the Calculate button ﬂl. This may take several minutes to complete.
18. Observe that with higher Diesel prices, the larger sized Wind can become more optimal than PV,
which was limited to 3 kW.

Sensitivity Results  Optimization Resufts |
Senstivity varables

Global Solar [kWh#n'Hd]lﬂl "’I wind Speed [mf's]l?' "’I Digzel Price ($/L]]0.7 =

Double click on a system below for simulation results.

.t PV G10 | Label L16P Conv. Initial Operatin Total COE | Ren. Diesel Label
FIASETE ow i) jow) | Coptal | Costishm NPC |isaowk)| Free | ) | )
lL« CB &= 1 15 hE B £ 75,300 13.661 52455935 0630 058 6830 2011

"Il’\ ':23 &= 1 1 15 hE ] £ 82,300 13,140 2250278 0631 082 6482 1,927

&3 = 15 32 & 238,100 22744 2328842 0829 000 14,464 4318

‘f Ii[-} & 3 15 h& 6 £ 66,300 20,754 £332111 D237 012 12529 31344

19. However, you should see warning messages you to expand the PV and Battery search space.
L_\.l P zearch zpace may be insufficient.
;_\-.l Trojan L16F zearch space may be insufficient.

20. Time permitting, add more PV and Battery units to consider, and then Calculate again.
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Getting Started Guide Summary

This section describes some main ideas to remember about HOMER as you work with the model.

e To use HOMER, you enter inputs (information about loads, components, and resources), HOMER
calculates and displays results, and you examine the results in tables and graphs.

e Using HOMER is an iterative process. You can start with rough estimates of values for inputs, check
results, refine your estimates and repeat the process to find reasonable values for the inputs.

e You can use HOMER to simulate a power system, optimize design options for costeffectiveness, or
to perform a sensitivity analysis on factors such as resource availability and system costs.

e HOMER is an hourly simulation model. HOMER models system components, available energy
resources, and loads on an hourly basis for one year. Energy flows and costs are constant over a
given hour. HOMER can synthesize hourly resource data from monthly averages that you enter in
tables, or you can import measured data from properly formatted files.

e HOMER is primarily an economic model. You can use HOMER to compare different combinations of
component sizes and quantities, and to explore how variations in resource availability and system
costs affect the cost of installing and operating different system designs. Some important technical
constraints, including bus voltage levels, intra-hour performance of components, and complex diesel
generator dispatch strategies are beyond the scope of an economic model such as HOMER. NREL's
design tool for hybrid power systems, Hybrid2, can simulate these and other technical constraints
and is useful for further exploring design options that HOMER identifies as cost-effective.

Other Resources
Get trained in HOMER:

http://www.homerenergy.com/training.html

Interact with other HOMER users, and ask your questions, at the HOMER International Users Group:

http://homerusersgroup.ning.com

Searchable knowledgebase of HOMER information:

http://support.homerenergy.com
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