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Lab 9 - HOMER

1. “ExampleProject.nmr”

2. Open the Example Project File:

ExampleProject.hmr

3. Click the Primary Load
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Find the Site [Location]

Latitude and Longitude

Your dorm room
Your home
Your favorite place

c Q, search

www latlong.net 30%
ted @ Getting Started @ New Tab 3
Place Mame

-

Washington, DC

Add the country code for better results. Ex: London, UK

Latitude Longitude
32007102 -77.026871
ey Degrees in Decimal
. = —
Map  Senciine | Dupont Circle Church St HW
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Histaric District
Whale Foods Markat

- Glant F
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HOMER: Open the file again

Click the generator

25 kW $10,000

Minimum running at 30%

E quapmend bo consider

.

Gererabor 1

SddHermonve
Prmary Load 1
151 kwh'd
25 W peal

Coonvverben B =11

AL ]

S Chooge a fuel, and enter at least one size, capital cost and operation and maintenance [D&k ] value in the Costs table. Mote that the capital cost includes

C:} installation costs, and that the O&M cost iz expressed in dollars per operating howr. Enter a nonzera heat recovery ratio if heat will be recovered from this generator
to serve thermal load. &z it searches for the optimal system, HOMER will consider each generator size in the Sizes to Consider table.

Hold the painter awer an element or click Help for mare infarmation.

Cost ]Fuel ]Schedule Emissions
Costs
Size [kKwW] | Capital ($] | Replacement [$] | O&M [$hr)
0000 5000 0.500
| {3 {3
Properties
Description |Generator‘| Type w AC
 DC

Abbreviation |Genl

Lifetime (operating hours)

Minimum load ratio (%)

o

Sizes to consider
Size [kWwW]
0.000
25.000
30,000
35.000
40.000

Cost Curve

Cost (000 §)
o

0 10 20 30
Size (kW)

== Capital == Replacement

40
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Equipment

Equipment ta consider

Click Wind Turbine | e

Primamy Load 1
151 kw'hid

From the drop down list click through the wind B ook

Generator 1

Adt¥Remove...

X
rd

turbines and look at the power curve. Try to find EE

a Wind Turbine that would best maximize A
Average Wind Speed (m/s) :3.27

Chooze a wind turbine twpe and enter at least one quantity and capital cost value in the Costs table. Include the cost af the tower, controller, wiring, installation, and labaor. A it
searches for the optimal system. HOMER considers each gquantity in the Sizes to Consider table.

Haold the paointer over an element or click Help for more information.

Turhine type  [EEEEETEEEES Details... New... Delets

Turbine properties
Power Curve

Abbreviation:  WS3-4A  (used for column headings) 12
Fated power. 1.2 kW DC 1.0
tanufacturer: os
Wwebsite wiww windside com § .
= 0.6
2
5
LA
02
0.0
o [ 12 18 o4
Wind Speed {mis}
Costs Sizes to consider
. . K 100 Cost Curve
Quantity | Capital [$] | Replacement [$] | D&M [$49r) Cluartity
\ 1 30000 26000 500 u] .
1
/ 2 3 eo
3 =
B
| i3 | o | g
Other 20
Lifetime {yrs) 15 1}

=]
=]
=]

1.0 5 20 25 3.0

) 5 = ._-ttv
Hub height (m) 2 L} = Capital f"Fllzpnaczmzm
Help Cancel | Ok |

oc
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Equipment

Equiprnent to consider Add/Remove...

Click PV "

Frimary Load 1
151 KWwhid
25 k' peak

Generator 1

Corwerter dindside dé

AT oc

Lifetime, De-rating factor, slope, No-tracking

Enter at least one zize and capital cost value in the Costs table. Include all costs aszsociated with the PY [photovaltaic] system, including modules, maounting
hardware, and installation. Az it searches for the optimal system, HOMER considers each P amay capacity in the Sizes to Consider kable.

Mate that by default. HOMER sets the slope walue equal to the latitude fram the Solar Resource [nputs window

Hold the pointer over an element or click Help for more information.

Sizes to consider

Cost Curve

K] | Capital ($] | Feplacement ($] | D& ($/vr) Size (K] e
35000 25000 a 0.000 a0
10.000 &
15.000 g =0
> 20,000 5 a0
3
/ L3 | 't | L3 | 25.000 8 N
Froperties o
0 5 10 15 20 25
Size (KUV)
Output current T AC e DC == Capital == Replacement
Lifetime (wears) Adheme
Cierating factor (%) Tracking system |MNo Tracking -

[ Consider effect of temperature

Azimuth (degrees W of 5)

=
e
Slape (degrees) [ a8
B
o

EEEE

Ground reflectance (2:)

Help | Cancel | K
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Solar Resources: Enter your Lat/Long and click "Get Data via Internet"

Wind Resources: Try https://www.weather-and-climate.com for monthly wind speed data for

Resource Information

Select Solar Resources, Wind Resources, and Diesel
Type in Solar Radiation

HOMER uses the salar resaurce inputs ta caleulate the P amay pawer for each hour of the pear, Enter the lalitude, and sither an average daily radiation value or an
@) average cleamess index for each month, HOMER uses the latilude vaiue ko calculate the average dail radiation fram the cleamess index and vice-versa,

Haold the painter over an element or click Help for more information,

Location
Latitude : ' (@ MNorth  South Time zone
Longitude - " @& East ¢ ‘Mest ‘(GMT+09.DU) Japan, MNorth Korea, South Korea ﬂ

Data source: (@ Enter monthly averages ¢ Importtime series data file Get Data Wia Internet

Baseline data

Clearmess Daily R adiation - Global Horizontal R:

LIEtth Index [kwh/mz/d) - - e
January 0.280 2820 —
February 0.355 3,630 s Tz
March 0.427 4.430 z
i 05239 5.400 Ea M
May 0577 5570 g || oe B
June 0536 4990 5, L-1T] [
& 0442 4170 ] :
August 0423 4190 E_ T &
September 0382 3.950 ES
October 0343 3550 a oa
Movember 0.273 2760 1
December 0.257 2550

e Jan Feb Mar Apr hay Jun Jul Aug Sep Oct Nowv Dec oo

Daily Radiation === Clearness Index
Average: 0.401 4011 Plat | Export |

Scaled annual average (kKvvh/m2/d) 4.01 {31 Help | Cancel | (] 4

Enter the fusl price. The fuel properties can only be changed when creating a new fusl [slick Mew in
the Generator Inputs or Boiler InpLits windaw)

Hold the painter over an element name or elick Help for mare information.

. . Price ($/L) [ o0 13|
Dlesel Fuel Prlce [ Limitconsumptionto (L) 5000 A

Fuel properties

Lower heating wvalue: 43.2 Mdfkg
Density: 820 kgim3
Carbon content 88 %2
Sulfur content: 033 %

Help Cancel Ok

Rezources

- Salar rezource

%::‘—_: “whind resource

selected

E Dieszel

Type in Wind Speed

~ calculations, HOMER uzes scaled dat:

@t_ HOMER uzes wind resource inputs to ¢

control how HOMEFR generates the 871

Hald the pointer over an element ar clic

Data sc{ke: i® Enter manthly awer

Baseline data

bdanth

January
February
karch
2april

b ay

June

July
August
September
October
MNowvember
December

Annual awverage:

“Wiind S peed
[mi=]

3.460
3.660
3.810
3910
3.430
3.030
3.020
2.880
2.680
2.730
3.250
3.340

3.264
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ckim
Typewritten Text
Solar Resources: Enter your Lat/Long and click "Get Data via Internet"
Wind Resources:  Try https://www.weather-and-climate.com for monthly wind speed data for selected cities


Equipment

Click Converter icon

5kW $4,000

bt

Egquipment to consider

—> &
Primary Load 1
151 kw'h/d
25 kK peak

D>
Corﬁerter

Generator 1

& nr

A canverter iz required far spstems in which DC components zerve an AC load or vice-verza. A converter can be an inverter [DC ta AC). rectifier [AC to DC]. ar

Add/Remove... |

il

windside 42,

Enter at lzast one zize and capital cost walue in the Costs table. Include all costs associated with the converter, such as hardware and labaor. As it zearches far
the optimal spstem, HOMER considers each converter capacity in the Sizes to Congider table. Mote that all references to converter size or capacity refer to

inverter capacity.

Hold the pointer over an element or click Help for more information.

Costs
Size (kW]

Capital [$]
4000

FReplacement [($] | O&k [$0r]
4000 1]

{1 {1

Sizes to consider

Inverter inputs
Lifetime [wears)

Efficiency (35)

J

[v Inverter can operate simultaneously with an AC generator

Rectifier inputs

Capacity relative to inverter (2]

—y
o 2
m) o

Efficiency (2]

Size ki)
0.000
5.000 =°
10,000 &
16.000 s °
3| S g
a
1.}
1.}
1.}
1.}
Help

Cost Curve

0 5 10 1
Size (KWW}
= Capital = Replacement
Cancel

o]




Other Information

Economics —

File Edit Help

- 0 € HOMER applies the econamic inputs to each swsterm it simulates to caloulate the system's net
eal interest 6 %

Hold the pointer over an element name or click Help for more infarmation.

Lifetlme 25 years Annual real interest rate (%)

FProject lifetime (wears)

5 ]
System fixed capital cost ($) ’70 ij
o ]

System Control et i

Capacity shortage penalty (ikih)

Cycle-charging e | [ ewen o |

e T—

File Edit Help

9‘ The spstem control inputs define how HOMER models the operation of the battery bank and generators, The dispatch strategy
o P determines how the spstem charges the battery bank.

Hold the pointer over an element name or click Help for more information.

Simulation

Simulation time step (minutes) B0 L}

Dispatch strategy
[ Load following
[v Cycle charging

[v Apply setpoint state of charge (32) a0 I

15



Other Information

: Consraims
Constraints i [gt Hep oo

@ Conztraintz are conditions that systems must meet to be feaszible. Infeasible zpstems do not ap
Operating

reserve provides a margin bo account for intra-hour deviation from the hourly average of the |c
rmargin for each hour bazed on the operating reserve inputs.
Maximurm annual capacity shorage (22)
( :apaclty kinimum renewable fraction (4]
Operating reserve

Shortage O% As percent of load

Hourly load (#:)

Hald the pointer over an element name or click Help far mare information.

c

Annual peak load (24)

As percent of renewable output
Solar power output (24)
YWWind power aoutput (2]
Frimary enerogy sawvings

[ Minimum primary energy savings (3]

L L
s EEE | EE EE




Emission Input — Emission Penalty

s A==

E quipment to conszider | Add/Remove... I Simulations: 0 of 144 Progress:
Q Senzitivitiez: 0 of 3 Status:
a5 | Sensitivity Results | Optimization Resuits |
Frirmary Load 1 P
- 43 kwh/d Graph type |Line graph |
—c 4.4 KW peak Varisbles to oot
Generator 1 e 10
,{-\| Primary |P1"'"F'“E"-" Capacity ﬂ Superimposed |<none:
Corwverter wiindzide 44 ;
20 PV Array Capaci
ac DC I "
Resources Other Ensissscgs Inputs
B | Solar resource é_%l“ Economics
J J File Edit Help
ﬁ% Wind resource S| Spstemn contro
) o #7 [Costz rezulting from emizsions penalies appear az 'Other D&M cost’,
¢ Dig=el Ernizzions I HOMER discards sypstems that exceed the specified emissions limits.
@ Constraints Hald the pointer over an element or click Help for more infarmation. |
Warnings Emizzions penalties = =
@ | “our license haz expined. Carbon dioxide [$/1] / 2 . UEI . ]
U eourmei Carbon monoside [45] —I
Aathor |Charles
| Unburmed hydrocarbons [$.1) 1.}
Motes - L
Particulate matter [/t]
&’
J Sulfur dioxide [$.1] o {1
Mitrogen oxides [$41] o .1




Analysis of the System
1. Click “Calculate” to start the analysis

Equipment to consider Add/Remave. .
Primary !oad 1 ;;
181 kwhid
25 kw peak
Generator 1
s}l
Converter Windside 44
AL oC
Resources Other
Solar rezource :TJ' E conomics
wind resource -Q Spstemn control
lzl Diesel L | Emissions
Constraints

\‘ — Simulations: 0 of 400
Lalculate Sensitivities: 0 of 1
Sensitivity Results l Optimization Results ]
® Tapul:™
Export... Details...

Miauhla click an o swetam halow for nntimization ra

e PV |[WS-._|Genl|Conv. Operating Total
FlhoE (kW) (KW} | (KWV) Capital ‘ Cost (S/yr) NPC

Click Overall: view all possible combinations

Simulations: 400 of 400 Frogress:
Sensitivities: 1 of 1 Status: Completed in 3 seconds.
Sensitivity Results  Optimization Results l /
Double click on a system below for simulation results. (" Categoriz & QOvera, Export Details...
b, PV WS- | Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl -
[ s (W) (KW} | (kW) | Capital Cost ($/yr) MNPC SkW .| Frac. (L) (hrs)
(‘j} 25 $ 10,000 24713 $ 325917 0464 000 38374 8.7. L
G E 10 25 5 $ 49.000 24 361 $ 360419 0513 012 36573 8.7.
F eE 10 25 10 $ 53.000 24 450 $ 365553 0521 012 36530 8.7..
e E 10 25 15 $ 57.000 24 557 $370916 0528 012 36530 8.7.
,l\(‘_f:} 1 25 5 $ 44,000 25,964 $375906 0535 0.00 38325 8.7.
S E 15 25 & $ 66,500 24268 $ 376,727 0536 017 36,038 8.7..
o’ 30 $ 12,000 28.814 $ 380341 0542 000 43945 3.7.
e E 15 25 10 $ 70.500 24279 $ 380866 0542 017 35813 8.7.
_,Lf‘_f[-} 1 25 10 $ 48.000 26.070 $381.265 0543 000 38325 8.7.
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Analysis of the System

Click “Categorized”

Calculate

Sensitivity Results Optimization Results l

Simulations:
Sensitrvities:

400 of 400
1 of1

Frogress:
Status:

Completed in 3 seconds.

Double click on a system below for simulation results. (@ Categori; (" Overal Export. | SiElE
o PV WS- | Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl
g 8 [ ) O (kW) | (kW)| Capital | Cost(%/yr) NPC  |$/kW.|Frac| (U this) |
f:'} 25 $ 10,000 24713 $325917 0464 0.00 38,374 8.7..
o : 10 25 5 % 49,000 24,361 $360419 0513 012 36573 87..
A\(’j} 1 25 5 $ 44,000 25,964 $375906 0535 0.00 35325 8.7.
n 1 1 25 5  $79.000 25508 $405075 0577 012 36531 87..

Now back to “Overall’, and choose any system of interest by

clicking/ double clicking

Simulations:
Sensitivities:

Calculate

Sensitivity Results Optimization Results l

400 of 400
1 of1

Frogress:
Status:

Completed in 3 seconds

Double click on a system below for simulation results. (" Categori: @ Overal Export.. Details...
s PV W3- | Genl|Conv. Initial Operating Total COE | Ren.| Diesel | Genl
v ’L‘ e (kW) (KW | (KW Capital Cost ($/yr) MPC B/kKMW .| Frac. (L) {hrs)
["j} 25 $ 10,000 24713 $326917 0464 0.00 38,374 8.7.
F  aE 10 25 5 $49000 24361  $360419 0513 012 36573 87. |
& B 10 25 15 $57.000 24557  $370916 0523 012 36530 87.
,Lf'_,‘?} 1 25 5 3 44,000 25964 $375906 0535 0.00 38,325 8.7.
= o ["j} 15 25 5 % 66,500 24268 $376.727 0536 017 36,038 8.7.. 19



Sensitivity Analysis

Click Wind resource
Click “Edit Sensitivity Values” >> Do so for Load, Solar, and Diesel

Wind Resources

Sensitivity Values

Primary Load

Yariable: “Wind Data Scaled Awverage
Units: mys
Link with: | <none> -
“alues: 1 3.260 - Clear

2 5.500

2 7.600

4 9.500

5

E

7

e

=}l

10

11

12 ﬂ

Help | Cancel Slaeie !

Diesel Fuel

|
Sensitivity Values

=l

i‘ Claar

SEER IR T e —
“Wariahble: Primary Load 1 Scaled Average
Units: kih/d
Link with: | <none>
Walues: 1 150.500

2 :
3

4

5

[

7

a8

9

1o

11

12 ﬂ

Cancel

[

“ariable: Diesel Price
Lnits: /L

Solar Resources

Si tivity Val
ensitivity Values e

Lng®
Wariable: Solar Data Scaled Average
Units: Kihfm2id

Link with: | <none>

=l

“alues: 1 4010 - Clear

2 8.000

3 12.000

4 16.000

5

[

7

a8

9

1o

11

12 ﬂ

Help | Cancel

Ok

Link with: |<nones

“alues 1 0.400 - Clear
2 0.200
3 1.200
1
8
-]

7

8

g
10
11
12

Help

=

| Cancel Ok

20




Sensitivity Analysis

Simulations: 400 of 400 FProgress:
Save and Calcu | ate / Sensitivities: 4 of 4 Status:
Sensitivity Results Optimization Results ]

NeW We See the tab for Selmsitivityvariables
“ P YWind Speed (m/s) ,ﬂ
Sensitivity Results

Sensitivity Results ] Optimization Results l

Graph type |Optima|systemtypeﬂ ( Tabul:ie Graphi

Sensitivity variables

Primary Load 1 {kvwwh/d) |=axiz * | Global Solar (kiwh/m2/d) |v-axis * | “Wind Speed (m/s) |3.26 | Diesel Price ($/L) |0.4 -
Variables to plot
Superimposed |PV Production ﬂ MNew Window...

System Types
Il c=n
[ FviGent

Superimposed
PY Production (KWhiyr)

Optimal System Type

18

14

Fixed
Wind Speed = 3.26 m's
Diesel Price = S0.4/L

o
]

Global Solar (KWhin/d)
[=]

(=1

40 80 20 100 120 140
Right click to copy. save, or modify Primary Load 1 (kWhid)



Input Summary Report generation

HOMER Produces An Input Summary Report:

Click HTML Input Summary from the File menu, or click the toolbar button:

HOMER will create an HTML-format report summarizing all the relevant inputs,
and display it in a browser. From the browser, you can save or print the report,
or copy it to the clipboard so that you can paste it into a word processor or
spreadsheet program.

r —
filif HOME -
' Fil View Inputs Ouguts Window Help
DR B E g ?
. gy . .
E quipriyt to cong Add/Remove Simulations: 144 of 144 Frogress:
HTML Repo =)
K F',M Sengitivities: 3 of 3 Statuz:  Completed in 2 =
—— 9 | 4—* Sensttivity Results  Optimization Results ]
Primary Load 1 P Sensitivi )
t‘j} 43 udhid ensitivity wanables
» 4.4 k' peak, : : 24 -
Gerfarator 1 Diezel Price [$/L]) ] 2.
l{\ Double click on a system below for simulation results.
Slom = - PV |W5-4A| Label | Conv. Initial Operating
Converter windside 48 * A‘ " W) W) | W Capital Cost (/)
AL o u Y v 2 5.0 1 < 10,600 15,098
Fezources Other CE- 50 5 2000 15,849
(5] | Solar resource r:'__?]'l E conomics *"l\ ':23 2 1 5.0 1 £40.800 20,164
J Wi 1 50 1 $33.600 20916
ﬁ_g\l “Wind resource ‘-Q'l Systern contral
-ﬁ | Diesel i'm"l Emissions
@l Constraints
il Document

22



Input summary Report - Example

-

{7l Practice2.hmr

.

.

= D filef S Gl Users/ ckim/AppData/Local/ Temp/Practice2 . htm

HOMER Input Summary

File name: FracticeZ hmr
File version: 2.68 beta
Author: Charles

AC Load: Primary Load 1

Data source: Synthetic
Daily noise: 15%
Hourly noise: 20%
Scaled annual average: 43.4 KWhid
Scaled peak load: 4 36 kKW
Load factor: 0.414

o5 Load Profile (Synthesized Data)

M
=

-
n
:

s
=]

Demand [ kW)

=
tn

8
&

24

Hour

PV
Size (KW) | Capital ($) | Replacement {$) | O&M ($iyr)
2.000 7,000 7,000 0
Sizes to consider: 0,2, 4, 6 KW
Lifetime: 20 vr
Derating factor: 80%
Tracking system: Mo Tracking
Slope: 0 deg
Azimuth: 0 deqg

Ground reflectance: 20%

Wind Resource (Synthesized Data)

o]

Wind Speed [mis]
k3

-

n_.lan Feb Mar Apr May Jun  Jul Aug Sep Oct MNov Dec
Weibull k: 2.00
Autocarrelation factor: 0.850

Diurnal pattern strength: 0.250
Hour of peak wind speed: 15

Scaled annual average: 3.04 mis
Anemometer height: 10 m
Altitude: om

Wind shear profile: Logarithmic
Surface roughness length: 0.01 m

23



System Report generation

HOMER Produces A Report Summarizing The Simulation Results
Just click the HTML Report button in the Simulation Results window:

System Architecture: 10 kWY P b kWY Rectifier Total NPC: § 360,418
25 kW Generator 1 Lewelized COE: § 0.513/kwWh
B kWY lwerter Operating Cost: § 24361 A

Cost Summary | Cash Flow Electricall PV IGen‘I ]Converter Emissions | Hourly Data

Costtype: Cash Flow Summary

350,000
® Metpresent
" Annualized 300,000 ]
[v Reverse sign
250,000
e
¥
Categorize: :ZDD-DDD’
@ Bycomponent 2
"~ By costtype LU=
-1
i =
[ Show details 100,000
50,000
o
P Converter
Compare...
Component Capital [$] Replacement [§] D&M [$] Fuel [$] Salvage [§] Total [§]
P 35.000 7795 a -4.363 38,426
Generator 1 10,000 E4,5322 55, 127,009 -BED 216,624
Converter 4.000 1.9 o o 21 5.268
System 49.000 73.996 55.953 187.009 -5.539 360419

*ML Report HTHL Report | Help Close

24



Example System Report

System Report - Practice2.hmr Net Present Costs
c e Capital | Replacement | OZM Fuel Salvage | Total
I om pone
Diesel Price: 2.4 $- = 7,000 2.183 0 0| -1.223 7959
System architecture Generator 1 2000 14,340 | 2,238 | 225,506 -191 | 243,893
P Amay | 2 R Corwerter 1600 655 0 0 -124 2143
SEneratar 15 Ky Other 0 0| 74z 0 0 742
| nverter 1 K
Rectifier 1 KW System 10,600 17,191 | 2,980 | 225 506 -1,539 | 254,738
Cost summary
Total net present cost $ 254 738
Levelized cost of energy | $ 1.258/M0
Dperating cost F 19,09857 EIEﬂtrical
250,000 Cash Flow Summary B B
- PV Production | Fraction
- Generator COm po nent
4 - Converter
200,000 Other (KA
$ 150,000 P array 2,341 13%
[=]
£ 100 000 ] Generator 1 15,395 87%
-
L)
& Total 17,737 100%:
+ 50,000
=
0 e |
-50,000 : _
Capital Replacement Operating Fuel Salvage

25




Report Submission for Lab 9

Write your report describing
Location
Load
Solar Resources
Wind Resources
Optimum result (the Price of energy. $/kWh)?
Comment and Opinion
Appendix 1: Input Summary Report from HOMER
Appendix 2: System Report from HOMER
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