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HOMER - simulation tool for hybrid electricity systems

HOMER is an electrical system design and simulation package which simplifies the task of
evaluating design options for both off-grid and grid-connected power systems for remote, stand-
alone, and distributed generation (DG) applications.

HOMER's optimization and sensitivity analysis algorithms allow the user to evaluate the
economic and technical feasibility of a large number of technology options and to account for
uncertainty in technology costs, energy resource availability, and other variables.

It was initially produced by NREL, but is now a commercial organization HOMER ENRGY..

Downloadthe program

The (free) HOMER Legacy version is available here:
http://www.homerenergy.com/HOMER_legacy.html

You will need to register and apply to download this file. HOMER Legacy is no longer supported
by HOMER ENERGY, and is slowly being phased out to be replaced by HOMER PRO.

HOMER Pro is a more commercial product which is will be replacing within soon HOMER
Legacy:

http://www.homerenergy.com/

This has a free 30-day trial version.
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Test System

In order to run this exercise, we will start by creating a small solar electricity system
intended to supply a load of a PC and a lamp.

- Let us locate the system in Lilongwe, which gives us an average of about 5,4
kWh/m?/day of solar input.

- We want to power a computer 8 hours per day and a lamp 5 hours per day. That
requires 1300 Wh per day. Let us further pretend that the computer use DC
power.

- The battery should be large enough to store energy for 3 days of no sunshine. We
try and some locally available 12V mono block, and to spare it a bit we don’t
discharge more than 60% of the nominal capacity. Hence, we will need 540Ah.

- The solar cells have to provide at least 1300Wh per day on average to the loads.
Assuming an efficiency of 12% and given the insolation in Lilongwe, we will
need about 2 m2, which corresponds to about 240W peak-power.

There is nothing accurate about this rough sizing, but gives us starting point.

Resource Harvesting Storage Consumption
- Solar - PV module - Lead Acid batte - Lamp and computer
// =
\\ // “ =
— T L I “x
' / - f——

Rough sizing for an initial system design

Insolation: Efficiency: 12 % DOD: 60 % Computer: 150 W 8h/day
5400 Wh/m2/day Size: (5400%0,12) Voltage: 12V Lamp: 20w 5h/day
1300 Autonomy: 3 days Total: 1300 Wh/day
=2m2 Size: 1300/0,6*3 = 6500Wh

1000*0,12*2 6500/12 = 540Ah
=240 W

k\

Power:
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HOMER Legacy Instructions

Starting aproject

HOMER is a complex package which allows design of relatively complex systems. This is simple
run through of the basics to get you going. You will be using HOMER for the group design project.
Also, please refer to the ‘getting started’ guide
(http://mww.homerenergy.com/downloads/homergettingstarted210.pdf).

Create a HOMER file

HOMER files end in .hmr.
Go to File -> New
You should get a page looking like this:
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We are going to create a small stand-alone system with one solar panel, one battery and one
load and then run some simulations.

Create our Solar/Battery System

Click on the Add/Remowe button:
Jutpuks  Window  Help

8 |

[ )

This will give you a pop-up box. We want one primary load, one solar PV panel and one battery,
so click on each of those, then click ‘OK’:


http://www.homerenergy.com/downloads/homergettingstarted210.pdf
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Add/Remove Equipment To Consider:

that HOMER will simulate.

Hold the pointer owver an element or click Help for mare information.

Select check bores to add elements ta the schematic. Clear check boves to remaove them. The schematic represents systems

Loads Components

Q ¥ Primany Load 1 f v Py Cﬁ- [ Gererator 1 B W Battery 1
@ [~ Primary Load 2 ,!\ ™ wind Turbing 1 CB- [T Generator 2 B I Battery 2
Q., [T Deferrable Load ,!\ [~ wWind Turbine 2 C{-}- [ Generator 3 B [ Battery 2
é [~ Thermal Load 1 .i:} ™ Hydio t{-)- ™ Generator 4 B [ Battery 4
15 ™ Themal Load 2 ™ Converter % [ Generator 5 B I Battery 5
a’ [ Hydrogen load [ij [T Electralyzer CB- [ Generator B B [ Battery B
%y [ Hydiogen Tank C{-}- [ Generator 7 B [ Battery 7

ﬁ [~ Reformer C{-)- [~ Generator 8 B [ Battery 8

'[‘:B. [ Generator 3 = o Battery 9
t{} [T Gererator 10 B [ Battery 10

Grid

' Do not model grid
#: " System is conmected ta arid
" Compare stand-alone system ta grid extension

Help | Cancel | kK I

You will see that these components are placed in the top left hand corner:

HOMER - [Project? *]

. File Wiew Imputs Cutputs Window Help
DEEE BB &2

E guipment to consider

2|

Primary Load 1
0 k'whid

0k peak S4KS25P
FlesnurcesAC Dtl’?e?
EI Solar resource QI Economics
G system coniral

ij Emiszions

HOMER is relatively intuitive — if you would like to change anything then click on the component.

Battery
Let us change the battery type to define one that fit our system.

Click on the battery image:

o
S4KS25P

This will bring up a pop up box with details on the battery, as shown in the screen shot below..
We will create a new battery type. Use the scroll list to choose the battery named “Trojan T-105",
and click “New” to create a copy of this battery to the component library.
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i
File Edit Help

Choose a battery type and enter at least one quantity and capital cost value in the Costs table. Include all costs associated
with the battery bank, such as mounting hardware, installation, and labor. & it seaiches for the optimal system, HOMER
congiders each quantity in the Sizes to Congider table.

Hald the pointer aver an element or click Help for mare information.

Mominal capacity: 1.000 &k [2 Kwh)
Lifetime throughput: 3,438 kwh

Costs Sizes to consider —

Cuartiy | Capital [$] | Replacement [$] ‘ O&M [$.-"_l,lr]| Batteries
| ]

(W L |

Advanced o
Batteries per string I 12V bus) 00 02 04 06 0.8 1.0

Guantity
I~ Minimurn battery life [yr) I 4 |

Cancel | OF I

Once you have got a copy of the battery, you can change the properties. In our case we want to
work with a 12V battery rather than the original 6V. Change that. We also said that we don’t want
to discharge more than 60%. Hence, Min. state of charge should be put to 40%.

File Edit Help

Enter a urique name and specily the propeties of the rew batter. HOMER will add it to the component [brary.
™ Flow battery
Hold the painter over an element name or click Help for more infarmation.

General Capacity curve
Dol Current [A) | Capacity [4h) |A
Hlieviation IT'1 05 210 247.00

anufacturer ITrman Battery Company .00 20600
2750 16200
ehsite Iwww hojan-battery.com 000 Fipos

Please see wwwirojan-battery. com 75.00 135.00 —
100.00 118.00
150.00 96.00
250.00 &0.00

8
3

m
3

g

Gapacity (Ah)
g

Y

=
2

3

MNominal capacity [&h)
Mominal volkage [v) < ;I 100 150 20
Discharge Current (A}
Round trip efficiency (%] — Data Points = Best Fit
Min, stale of charge (%) fetime curve

o

o

Float life [yrs) Depthof | Cyclesto |~

taw. charge rate hl g&auharge [/;]D #Fam;asz?
Max. charge cunent (&) 20 2918

Lifetime throughput (Kih) 30 2028 |

40 1891
Suggested valus (Kwh) 1,302

Calculated parameters — 1
73
are

g

8

Cycles to Failure
Lifetime Thrpt. (i<W}

g

b awimurn capacity [4h)
Capacity ratio, ¢
Rate canstant, k [1/hr]

20

Al E
Depth of Discharge (%)
Cycles == Throughput

ImpotHHL.. | Help Cancel | [ DK

Once you are done, it should look like in the screenshot below. Click “OK” to save your new
battery.
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Create New Battery

File Edit Help
I‘I 'Ei Enter a unique name and specify the properties of the new battery. HOMER will add it ta the component library. F
| [ Flovs battery
Hald the pointer over an element name ar click Help for mare infarmation.
General Capacity curve
0
Dezcription |New Battery Curent [4) | Capacity [&h] | =
Abbreviation  |ME 210 247.00 2850
11.00 206.00
tanufacturer |NEW Battery Company =300 \
27.50 182.00 E] ’\\
Website | 50.00 153.00 2150 .
Mates 75.00 135.00 2 \
100.00 1800 810 =
150.00 96.00 p
50
Mominal capacity (4h) 225 250.00 60.00
Maminal valtage [v] 12 j 00 50 100 150 200 250
Disch: c it {A]
Round tip efficiency [%] B85 — D;::F':EE T:Ie‘sl}Fil
Min. state of charge %] 40 Lifetime curve 000 2 500
Flaat life [vrs] 1 Depth of Cpclesta | = s :
Dizcharge (%] Failure 5,000
1 * 2000 —
Max. charge rate [B/Ah) 0 5527 v ot + £
= charge curent (&) 1 20 2918 34,000 3 L2 =
£ 1,500 g
Lifetimme troughput [k 1721 jg 122;3 22,000 E
w
1721 . H o
Suggested value [Kiwh] 50 1,302 T 2000 E
o =
Calculated parameters 60 m & s00 -
! E! o 1.000 =
aximum capacity [&h) 233 T
Capacity ratia, & 0.252 a0 &7 0 0
Rate constant, k (1 /hr) 213 90 795 | ® iz o o & s

Depth of Discharge (%)
Cycles == Throughput

Import HhL. .. Help LCancel | 0K |

HOMER simulates the system also based on costs, and to make that possible, we will need to
add some economic parameters to our new battery. Further, we will need to tell HOMER how
batteries it ought to consider when trying out various system configurations. Looking back at our
rough system design we need 540Ah battery capacity, should be about 2 of our New Batteries,
each having 265Ah. Let us set the search space “Sizes to Consider” to 1, 2, 3 batteries.



Battery Inputs

File Edit Help

- Choose a battery type and enter at least one quantity and capital cost value in the Costs table. Include all costs associated
with the battery bank., such as mounting hardware, installation, and labar. As it searches for the optimal system, HOMER
congiders each quantity in the Sizes to Conzider table.

Hald the painter aver an element or click Help for mare information.

Eattery type | New Battery - Details... Mew... Delete |

Battery properties
Manufacturer: Mew Battery Company Mominal voltage: 12
‘website: Mominal capacity: 225 Ah (27 kKwh)
Lifetime throughput: 1,688 k'wh

Cost Curve

500
400
300
8 200

100

0
Advanced 00 05 1.0 1.5 20 25 30
. . Quantity
E atteries per string I 1 (12 bus) = Capital == Replacement

I~ Mirimum battery life [yr) I 400 |

Help Cancel | oK I

Then click OK.

Save your work

Now is a good time to sawve the project. As usual click File-> Save As and then enter a sensible
filename and save to a sensible place.
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Solar Panel

Let us change the solar PV panel properties.
Click on the PV symbol:

Py

Let us assume that we can find 120W panels at a price of $400 & piece. Further, like for the
batteries, we need to set the search space to limit the various system variations that we allow
HOEMR to try. Set “Sizes to consider” to 0, 0.12, 0.24, 0.36, 0.48, 0.6, 0.72 and 0.84. Further,
since we are south of the equator, the Azimuth should be set to 180 as a start configuration. Fill in
the pop up box as shown:

i PV Inputs
[ File Edit Help

Enter at least one size and capital cost value in the Costs table. Include all costs associated with the Py
[phatovoltaic] system, including modules, mounting hardware, and installation. A3 it searches for the optimal system,
HOMER considers each PY anay capacity in the Sizes to Consider table,

Mate that by default. HOMER sets the slope value equal ta the latitude from the Salar Resource Inputs window,

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

. - . Cost Curve
ize (K] | Capital [$] | Replacement [$] | O Size [KWw] 1.600 /'
nizo 400 350 0.000 1,200 ad
& d
5 800 P
L of
400 4
. a
Properties 00 01 02 03 04 05
Size (k)
Output current - AC + DC == Capital == Replacement
Lifitime [vears] 200 {3 Advanced
Derating factor [%] a0 Tracking system |Mo Tracking j
Slope [degrees| 12 4 ¥ Consider effect of temperature
Azimuth (degrees W of 5] 180 L} Temperature coeff. of pawer [%/°C) LU
Ground reflectance (%) 20 L) Nominal operating cell temp. [*C] 47 L

Efficiency at std. test conditions (%] 13 L}
Help | Cancel ‘ Ok

Load Profile

For the system design we need to add our computer and lamp as electric loads. This gets a bit
more complex as loads will vary through the day. Click on the “Load” icon which will bring up the
following screen:



aty. Load Inputs

File Edit Help
Choose a load type [AC or DC), enter 24 hourly values in the load table, and enter a scaled annual average. Each of the 24 values in the load table is the:
average electric demand for a single hour of the day. HOMER replicates this profile throughout the year unless you define different load profiles for different
manths or day types. For calculations, HOMER uses scaled data: baseline data scaled up or down to the scaled annual average value. -~
Hald the pointer over an element or click Help for more information. L
Label |anaw Load1 Load type: & AC DL Drata source: % Enter daily profile(s] © Import time series data file Irnport File,.. I
| Baseline data
Month | < i
o on I anuary - Daily Profi o DMaj
Dap type I\Meekday <
_oe -
£ i
. Hawr Load (k) [+ Zos g
12:00 - 13:00 0.000 Foa <
g o 5
13:00 - 14:00 0.000 “oz 25
14:00 - 15:00 0.000 o8 0
15:00 - 16:00 0.000 o 5 1z 18 24 Jan Feb Mar Apr MayJun Jul #ug Sep Qct Now Dee
16:00-17:00 0.000 Hour
17:00 - 18:00 0.000 10 Seasonal Profile
: 18:00 - 19:00 0.000 - max
19.00 - 20:00 0.000 = daily high
1 |2om-2100  ooo [ 2°° maan
21:00 - 22:00 ooon | B0 iyl
22:00 - 23:00 0.000 0.2 min
2200 Wi 0.000 [ Jan  Feb | Mar - Apr - May | Jun . Jul  Aug - Sep | Odt  Nov - Dec © Ann
Random wanability ————————
Day-to-day 15 2% Baseline | Scaled Efficiency Inputs:
Time-step to-ime-step 20 % _wverage [kewh/d) | ggg EEB
Average [kiw) 1 .
soned arm o Peak k) 0.00 0.00 O
caled annual average [ ] - I Load factor 1.00 1.00 Help | Cancel | [ ok |

Let us say that the 20W lamp is used for 4 hours every ewvening from 18.00 to 22.00, and 1 hour
in the morning from 06.00 to 07.00. Further, the 150W computer is used from 08.00 to 16.00.
Enter in the information in the table on the left as shown in the screen shot below. Also remember
to assume that both loads are DC loads. Click “OK” when you are done.

Primary Load Inputs
f File

i

Edit Help

Choose a load type [AC or DC), enter 24 hourly values in the load table, and enter a scaled annual average. Each of the 24 values in the load table is the
average electric demand for a single hour of the day. HOMER replicates this profile thioughout the year unless vou define different load profiles for different
manths or day types. For calculations, HOMER uses scaled data: baseline data scaled up or down to the scaled annual average value

Hald the painter aver an element ar click Help for more infarmation,

Now we hawe finished with the system design, but we still need to enter the solar resource for

Lilongwe.

Label |Primary Load 1 Load type: ~ AC & DC Diata source: (8 Enter daily profilefs) © Import time series data fle
EBaseline data
Month | Januar hd i KW
W 0E Daily Profile 24 o
Day type ja, 0.192
= =18
How | Load fkw) [ <] £°1° i ) 0.144
11:00-12:00 0.150 E‘nm 5"‘ ;:;
12:00- 1300 0150 = 26 oo
13:00-14:00 0.150 0.00. .
14:00- 15:00 0.150 o 8 12 18 S
1500 - 16:00 0.150 Hour
16:00- 17.00 0.000 028 Seasonal Profile
17.00- 1800 0.000 . .
18:00-19:00 0.020 g daily high
2015
1s00-2000)  ooen | 07 mesn
20:00 - 21:00 ooz | §010 i
21:00 - 22:00 0.020 0.05; min
ETD- 250 0.000 ﬂ o.00 Jan Feb ' Mar = Apr = May = Jun Jul  Aug  Sep = Oct  MNov ' Dec  Ann
Randomn wariability
Dayto-day [ 15 Baselne | Scaled Efficiency Inputs...
Time-step-to-time-step 0% Average [Kuhid) - Jsig - ;sig
Awerage (kW) .
s Peak (K] 0220 0220 _ B | Ewot. |
Scaled annual average [kiwh/d) . ﬂ Load factar 0245 0.245 Help ‘ Cancel H—ng
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Add the resource data

You can see that there are still warnings about the system shown on the left of the page:

Warnings
i"il Solar data zcaled average is zen.

i\l Ayverage temperature 1z zern.

We need to sort out these warnings, so let us start by adding the solar data:
Click on ‘Solar resource’. This will bring up the pop up box below:

Solar Resource Inputs

Fil= Edit Help
@) HOMER uses the solar resource inputs to calculate the P airay power for each hour of the year. Enter the latitude, and
either an average daily radiation value or an average cleamess index for each month. HOMER uses the latitude value ta
calculate the average daily radiation from the cleamess index and vice-versa,
Hold the painter over an element or click Help for mare informatian,
Location
Latitude I [ 0 & North  South  Time 20ne
Longiude I—U . l—” CF East € West [(GMT) Iceland, UK, Ireland, West Afiica =l
Data source:  Enter monthly averages © Impart time series data fils Get D ata Via Internet |
Baseline data
Manth Cleamnese | Daily Fadiation 10 Global Horizontal Radiation i@
Index [Kwhim2/d)
January 0.000 0.000 5
February 0.000 0.000 £08 08
March 0.000 0.000 £ Q
Apil 0.000 0.000 Eoﬁ 06 E
May 0.000 0.000 % g
June 0.000 0.000 O 04 &
July 0.000 0.000 < o
August 0.000 0.000 Zoz 02
September 0.000 0.000
October 0.000 0.000 o T o T e a1 e (1.0
Movember|  0.000 0.000 S TER AL PRl e U L nue mee o
Daily Radiation == Clearness Index
December 0.000 0.000
Average: 0.000 0.000 Plot | Export |
Scaled annual average [Kiw'h/ré/d) I o L Help I Cancel I 0K I

The coordinates for Malawi — Longitude is 33° 42’ E and Latitude: 13° 57" S.

Enter in this data then click on ‘Get Data Via Internet’ (this assumes you have an internet
connection). You will have to enter an email address. This brings in the data we need:

10
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Saolar Resource Inputs
File Edit Help
@ HOMER uses the solar resource inputs to caloulate the Py array power for each houwr of the pear. Enter the latitude, and
either an average daily radiation walue or an average clearness index for each month. HOMER uses the latitude value to
calculate the average daily radiation from the clearness index and vice-versa.

Hald the painter owver an element or click Help for more information.,

Location
L atituide 13- 57 ' Noth @ South  Time zone
Longitude | 33 ° 42 ' & East ( \wWest |[GMT]IcaIand,UK,Ire\and,WestAfrica ﬂ

Datasource: & Erter monthly averages © Impart time series data file

Baseline data
Manth Cleamess | Daily Radiation - Global Horizontal Radiation 1o
Index [kiwh/m2d]

January 0.439 4948 =t M - s
February 0.457 5037 E. miiREIRE : .
March 0.495 5134 s [ 3z
Api 0562 5209 Zad 4 b H L s oe £
hday 0606 4.945 % ] |44 UL L L e L ‘?E?
June 0632 4793 2 04 &
July 0535 4964 Zal [ N N R R AN [
August 0E22 5.444 K 0z
September| (3 6267 M ninEnEntnini

Uotober 0599 £.435 O e Apr May Jun  Jul Aug Sep Oct MNav  Dec B
gnvem:er gig; g:?g Daily Radiation == Cleamess Index

ECemDer
Average: 0.554 5413 Flat.. Export...
Scaled annual average [k'whiné/d] 541 ﬂ Help ‘ LCancel ‘ Ok

Click ‘OK’.
Note that there should not be any warnings now. It’s probably a good time to save your work.

Performing the simulation

Now you have designed the system and included the resource parameters you can run the
simulation.

Click on the ‘Calculate’ button.

w HOMER - [Lecture1.hmr #] -0
§if Eile View Inputs Outpute Window Help HER
LR BE &%
Equipment to cansider Add/Remave. Simulations: 15 of 15 Progress:

Sensilivilies: 10f1 Status:  Completed in 0 secands,

Senstiviy Resuts Oplimization Resuts |

Primany Load 1 Doubie eick on a system below for smulation resuts. € Categorized  Overal _Export... | Detais
1.3 KWhid
PV [ NB ntial Operating Total COE | Ren
BT = ) Captal | Cost (Shn) NPC_ |8/t Frac
oc -
e Other FE 0% 3 $1,800 107 $3162 052 100
&| T o4 2 $2,000 9 $3260 0542 100
ST BeREES e 04 3 52200 120 $3739 0821 100

ﬂ System control

i Emissions
g Corataints

This will run a simulation and you will get a list within the optimization of the system based on the
search spaces that we added for the number of batteries and the size of PV modules. Double
click on any of the system configurations to get more detailed information from the results.

11
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Results

When on ‘Optimization Results’ click on the system and you will get the pop up box below:

i HOMER - [Lecturel.hmr *] - a
W File View Inputs Outputs Window Help [==]=]
DEWE B @8 &7
Equipment to consider AddRemove Simulations: 15 of 15 Progress
Sensifivties: 10f 1 Status:  Completed in 0 seconds.
Sensitivity Resuks Optimization Resuts |
Primary Load 1 Double click ona sy: Simulation Results © Categorized © Overal  Epor... | Detals
LLartin) ol PV [ 1 System Achitectus 035 KW PY Tatal NPC: $3163
220% peak )
W) 3 New Battery Levelized COE: § 0.526/Kwh
Flrss A= ’g 0.3 Opeialing Cost: § 10740
048
Solar resouree. & | Economics Pa 0w Cost Summaty | Cash Flow | Hlectrical | PV | Battery | Emissions | Hourly Dta |
& spstem contrl Costtype: 2000 Cash Flow Summary
z @ Net presert i
i enisons © Annuized
| Constaints ¥ Reverse sin
Document ="
Author E
Categorizs:
Notes & By companent E“
& C Bycostyps £
I~ Showdetals £
0
3 New Battery.
Compare.
Component Copital (8] | Replacement ()| O8M () |  Fuell$) | Sabageld) |  Tolal($)
PV 1,200 27 EDS 0 163 a2
New Battery &0 522 N o 70 1436
System 1,800 a50 767 o 253 3163
%ML Report | HTML Repart Help Clase
A\ New Baten search space may be insulfient
ﬂ Completedin 0 seconds.

As you can see — you can look at the costs and cash flow and the various electrical parameters

for the system performance. Have a click on all the different tabs and try and make sense of the
results.

You can export any of this data or any of the graphs by clicking on the report buttons.

Sensitivity Analysis

HOMER allows us to produce many reports from different scenarios so that we can see what
effects variations in resources, system configurations or loads cause the entire performance.

Let us try as an example so see what happens if we change the slope of the PV panels.

Click on the PV equipment and {...} symbol next to the “Slope” input. Here you can add different
slopes to test. Add 0, 20, 40, 50 and 55 to the list.

12



In a similar manner, go to the ‘“Primary Load 1” and you will find at the bottom a box

PV Inputs

File Edit Help

OWERMENT K.Y

’ Ente at least one size and capital cost value in the Costs table. Include all costs associated with the P

HOMER considers each PV anay capaciy in the Sizes to Consider table.

MNote that by defauit, Sensitivity Values

Heldthe pairter ave
Vaiisble: FV Slope

Costs Units:  deg

Size (kW) | Capital (3] Link with: | <none> -
nim an Valuss: [ 120 «|  Cear |
2 20
3 200
L‘ 4 400
5 E0.0
Properties | —
" 3 300
Output curent ¢~ AC =
Lifsime (years) |81
El
Derating factor (%] 0 -

Slope [degrees]

(photovakaic) system, including modes, mounting hardware, and installation. As it searches for the optimal system,

tce Inputs window.

Cost Curve

S

0 01 02 03 04 0.5
Size.

Capital — Replacement

—

Hep | Cancel [0k | S i

of5)

Ground reflectance (%) 2 L)

Nominal operating cell temp. (‘€]

= o

Efficiency at std. test conditions (%) ERES]
Hel Cancel 3

called “Scaled annual average (kWh/day)”. Click the “{...}” next to it and enter 1.8, 2.0,
2.2, 2.3 and 2.4 the list in order to see what happens when the load increases.

Run “Calculate” again (it will take longer this time) and explore the output result presented under

the tab “Sensitivity Results”. Click “Graphic” to see how the load that can be cowvered varies with
the slope of the PV modules. If you “Superimpose” the “PV array capacity” to the graph you will

also see that the higher the slope, the large the PV array is needed to cover the same load.

fif File View Inputs Outputs Window Help

HOMER - [LectureT.hmr #]

- o R
S5

DEH B BB

Equipment to corrsider

Add/Hemave.

Simulations: 0 of 24
Sensiliviies: 30 of 30

Progess
Stalus:  Completed in 104

Calcuiate

Primary Load 1
1.3 Kwhrd
220 peak

oC
Flesoures Other
Selar esaurce & | Economics
G| spstem conirl

i:l Emissions

| Constaints
Dacument
Buthor

Notes

=

Senstiviy Resuts | Optimization Resuts |

Graphtype [Optimal system type

€ Tabular & Graphic

Sensilvty varisbles
Pimaty Load 1 (wh/d)[wasis v PV Slaps (deg) [y-avis v

Varizbles to plot

Superimposed [PV Aray Capactty ~

Optimal System Type

New Window

System Types

PY Slope (deg)
2 @

8

@

PV/Battery

Superimposed
PV Array Capacty (KWY)

14 1%
Right dlick to copy. save. or modify

13
Primary Load 1 (kWhid)

A P search space may be nsulicient
| New Batten search space may be insufficient
_\i)J Completed in 1:04.
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Add Wind Turbine

ERMENT RIS

So far, so good. Now, let us add a small wind turbine to the system. Go back and click
the “Add/Remove” bottom again. Mark “Wind Turbine 1” to the system.

Add/Remove Equipment To

Considel

that HOMER: will simulate.
Hold the painter aver an eler

Laads

@ I Primary Load 2
& [ Deferrable Loa

&® I Hydrogen load

& ¥ Primary Load 1

& Themal Load 1
ST Themal Load 2
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Click on the wind turbine symbol to set the details of the turbine. Chose from the scroll list
“Generic 1kW”, and enter the economic parameters for one turbine; Capital cost $4000,
replacement $4000 and O&M $250. Further, set the hub height to 12m.

File Edit Help

Wind Turbine Inputs
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table.

Chooze a wind turbine type and enter at least one quantity and capital cost value in the Costs table. Include the cost of the tower,
contraller, wiring, installation, and labor. &3 it searches for the optimal system, HOMER considers each quantity in the Sizes to Consider

Hold the painter over an element or click Help for more information.
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In order to simulate the output of the wind turbine, we also need to add information about
the wind conditions. Go back to “Resources” and click “Wind Resource”. You cannot
download wind data the same way you did with the solar data. Instead you will have to
find this data yourself. One source possible, is the NASA data base:
https://eosweb.larc.nasa.gov/cgi-bin/sse/grid.cgi ?email=skip@Iarc.nasa.gov

For Lilongwe we will use the following monthly average wind speed data.

January 4,13
Feburary 4
March 4,24
April 4,2
May 4,3
June 4,66
July 5,04
August 5,39
September 5,95
October 6,07
November 5,75
December 4,67

The annemometer hub height for this data is 50 m. The altitute of Lilongwe is about 1050
m above sea level.
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.org

Wind Resource Inputs

File Edit Help
r HOMER uzes wind resource inputs to calculate the wind turbine poveer each hour of the vear. Enter the average
:_‘ wind zpeed for each manth. For calculations, HOMER uzes scaled data: bazeline data zcaled up or down to the
zraled anrwal average value, The advanced parameters allov pou to contral how HOMER generates the 8760
hourly values from the 12 monthly values in the table,

Hald the pointer ower an elemant ar click Help far more infarmation.
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Continue to try the new system design by running the simulation again “Calculate”. You can
explore the economic- and performance related effects of adding a turbine to the system. One
consequence is that we now can cover the load size and PV-slope combination that previously
was impossible by help from the wind turbine.
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L
Add/Remove Simuiations: 54 of 64 Progress:
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Right click to copy, save, or modify Primary Load 1 (kWhid)

Most of the input variable can be given sensitivity parametersin a similar way in order to
explore the dependency of the system performance and economy on variations of external
factors.

Thank you very much for your participation!
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