














Solar and Wind Data

http://en.openei.org/apps/SWERA/

Click “Homer”, input latitude and longitude, then click “Get Homer Data”

o | Sodar and Wind Energy Resounce Asseisment
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Solar Radiation and Wind Speed Data

Monthly Solar Radiation [kW/m?2-day] and Wind Speed [m/s]

— <data> <data>
— <monthly> — <monthly>
—<monthly average radiation> —<monthly average wind speed>
<float> 2.82 </float> Jan <float> 3.46 </float>
<float> 3.69 </float> Feb <float> 3.66 </float>
<float> 4.49 </float> Mar <float> 3.81 </float>
<float> 5.40 </float> Apr <float> 3.91 </float>
<float> 5.57 </float> May <float> 3.43 </float>
<float> 4.99 </float> Jun <float> 3.03 </float>
<float> 4.17 </float> Jul <float> 3.02 </float>
<float> 4.19 </float> Aug <float> 2.88 </float>
<float> 3.95 </float> Sep <float> 2.68 </float>
<float> 3.55 </float> Oct <float> 2.73 </float>
<float> 2.76 </float> Nov <float> 3.25 </float>
<float> 2.55 </float> Dec <float> 3.34 </float>
</monthly average radiation> </monthly average wind speed>
</monthly> </monthly> — <anemometer height>
</data> | </data= <‘.f:;i'11]09:;> 50 </float>
— <scaled_annual average> <scaled annual average> “values>
— <values> — <values> </anemometer height>
<float> 4.01 </float> 4! - :
Average “float> 3.27 </float> 59
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Wind Finder

www.windfinder.com

T A==A = addicted to the wind!
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Cheonan (CHEONAN)
Statistices based on observations taken between 8/2011 - 12/2012 daily from Fam to 7pm local time.
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HOMER: Open the file again

Equipment bo considen Add/Remove

Click the generator ol

[Ty 151 kwh/d
= 25 K\ paak

Geneator 1
L — 4
_}‘_’ _EJLFGE 1

Corvveter Biw!

AL . oC

25 kw $10,000
Minimum running at 30%

B Chooze a fuel, and enter at least one size, capital cost and operation and maintenance [0&M) value in the Costs table. Mote that the capital cost includes
d} inztallation costz, and that the 0% cost iz expreszed in dollars per operating hour. Enter a nonzero heat recovery ratio if heat will be recovered from this generator
to serve thermal load. Az it searches for the optimal system, HOMER will consider each generator size in the Sizes to Congsider table.

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

Cost lFueI ]Schedule Emissions

Costs Sizes to consider Cost Carve
Size [k | Capital (4 | Replacement ($) | D&M ($4h) Size (kK] 18
T 10000 5000 0.500 0.000 )
25,000 ="
30,000 E
2 B
35.000 =
o
S £ £ 40.000 8.
Properties ;
0 10 20 30 40
Description |Generator‘l Type @ AC Size (kW)

== Copital == Replacement

Abbreviation |Genl (" DC
Lifetime (operating hours) 15000 1

Minimum load ratio (3%) 3D {1
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Equipment

Equiprnent to consider

Click Wind Turbine | g

AdFRemove...

7
Primarny Load 1

From the drop down list click through the R /

Generator 1

wind turbines and look at the power curve. > Fle—rle—{E]

Try to find a Wind Turbine that would best )]
maximize Average Wind Speed (m/s) :3.27

searches for the optimal system, HOMER considers each quantity in the Sizes to Consider table.

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

Turhine type | ﬂ Details... R Delete

Turhine propeties
Power Curve

Corrverter Windsi'de- 48,

(]

Chooge a wind turbine tupe and enter at least one quantity and capital cost walue in the Cozts table. Include the cost of the tower, controller, wing, installation, and labor, Az it

Abbresviation:  W3-4A  (used for column headings) 1.2
Fated power. 1.2 kW DC 10
Manufacturer: 0s
Website: i windside.com § '
Coe
2
o
L
0.2
0.0
0 [ 12 18 24
Wind Speed (mis}
Costs Sizes to consider
. . ) 100 Cost Curve
Quantity | Capital [$] | Replacement [$] | D&M (/] Quantity
> 1 30000 25000 500 0 o
1
2 o &0
3 g
W
| 8] | o | g8
Other =L
it 1) M 0.0 0 10 20 25 30

5 1.5
: Quantity
Hub height (rm) 25 43 = Capital fnF{Iepnac:sn-.ent
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Equil t
Equipment to conzsider Add/Remaove...

Click PV T = "4
Frimary Load 1
. 151 kiwhid
25 ki/ peak
Generator 1
7] .
Corverter Windside 44,
AC [l

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

Enter at lzast one size and capital cost value in the Costs table. Include all costs associated with the PV [photovaltaic] spstem, including modules, mounting
hardware, ahd installation. &z it searches for the optimal spstern, HOMER considers each PV arrap capacity in the Sizes to Consider table.

Mote that by default, HOMER sets the slope value equal to the latitude from the Solar R esource Inputs window.

Haold the pointer over an element or click Help for mare infarmation.

Costs Sizes to consider
: _ ) 100 Cost Curve
Size (kW] | Capital ($] | Replacement (] | D&k [$/9r) Size [kiw]
N 35000 25000 1] 0.000 50
/ 10.000 ~
16.000 g %
e
20.000 % 40
o
L} | 1) | L} 25.000 o "
Froperties 0
0 5 10 15 20 25
Size (kW)

Ciutput current (— AZ (@ DC

Lifetime (years) 20 ﬂ Advenead
Derating factar (2] a0 ﬂ Tracking system  |Mo Tracking ﬂ
Slope (degrees) 45 ﬂ [ Consider effect of temperature

Azimuth (degrees W of 5) o ﬂ -0.
Ground reflectance (%) 2 ﬂ

== Capital == Replacement

n
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EEOUNCES

Resource Information B S olor resource

% Wind rezource
Select Solar Resources, Wind Resources, and Diesel | Diesel

HOMER wzes the zolar resource inputs to calculate the PY aray power for each hour of the year. Enter the latitude, and either an average daily radiation value or an - B
@ average cleamess index for each month. HOMER uses the latitude value to calculate the average daily radiation from the clearness index and vice-versa. [ H D M EH Lizes WII"Ilj [ezaUrce |nI:'UtS tae
—~ 4
Hold the pointer over an element or click Help far more information, . E2!’I‘i?é‘latl'l‘::érl:\sl"HHI:IDMMEEHHgléie;:lfgzliﬁedaa;
Location Hald the pointer over an element or clic
Latitude ” ' (@ Morh  South Time zone
\@mghe . " @ East  ‘Wast ‘(GMT+DQ.DD) Japan, Morth Korea, South Korea ﬂ
Datasource: (@ Enter monthly averages  (~ Importtime series data file Get Data Via Intemet Diata 554 FE' i Enter mgnthh}-’ anver
Baseline data
Clearness D aily A adiation & Global Horizontal Radiation g H
Menh [ e Kwhdm2/d) — Baseline data
January 0.2e0 2820 ] -
February 0355 3690 : T o0 Moanth "Wind Speed
March 0427 4,490 ) — ah (m/s]
il 0529 5 400 £ <
biay 0577 s £ Y 08 2 Jaruary 3.460
June 0536 4330 52 L-1T1 I~ o = EED
July 0.442 4170 i // : Februarny .
August 0423 4190 £ 04 3 3810
September] 0382 1m0 2° 2 M ar.ch .
October 0.343 25850 & 0z .-'1'«|:|r|| 2910
November 0273 2760 1 =
December| 0257 2550 hd gy 3.430
T i e B v e BB IR s B~ B BT =R June 3.030
Daily Radiation == Gleamess Index Jul_lrl 3020
Average: 0401 4011 Fot. | Epor. | Auugust 2.880
Scaled annual average (Kivh/m?d) 401 L} Help | Cancel | oK SBDtEI’I‘IhE[ 2680
Ochober 2730

Diesel Fuel Price Mot 3250

Enter the fuel price. The fuel properties can anly be changed when creating a new fuel [click New in
the Generator Inputs or Boiler Inputs window) December 3.340

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

Price ($/L) 04 {}
i i 5000
[ Limit consumptionto (L) J Annual average: 3 264
Fuel properties

Lower heating value 43.2 Mdikg
Density: 820 kgfm3
Carbon content: 88 %
Sulfur content: 033 %
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Equipment

qQuipmment o Conzider édd;"HBmDVB...

Click Converter icon poe A it

Primarny Load 1

. 151 kwhid

L 28 kW peak
Generator 1

i)
Cnn*erter Windzide 44,
5kW $4,000 T
1

A conwerter is required for spstems in which OC components serve an AC load or vice-verza. & conwerter can be an inverter [DC to AC), rectifier [AC to DC), ar

baoth.

Enter at lzazt one size and capital cost value in the Coste table, Include all coste associated with the conwverter, such az hardware and labor, As it searches for
the optimal syzten, HOMER considers each converter capacity in the Sizes to Consider table. Note that all references to converter size or capacity refer to
inwerker capacity.

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

Costs Sizes to consider
12 Cost Curve
Size (kW] | Capital ($] | Replacement [$] [ D&M [$4v) Size [KWwW)
4000 4000 0 0.000
5.000 "
10.000 2
S &
15.000 =
3
| {} | o | 3
Irvserter inputs nn 5 10 15

Size (KWW}

Litetime [years) = Capital == Replacement

.
e

Efficiency (%)

[+ Irverter can operate simultaneoushy with an AC generator

Rectifier inputs

Capacity relative to inverter (3]

J
ek

Efficiency (%)

Help Cancel | 0K, |
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Other
j E conomics

Other InformaUOn .Q' Sustem contral

e’ s o
i | Emissions
IHI

Economic Inputs

Economics .

5] HOMER applies the economic inputs to each system it simulates to calculate the spstem's net

. 0 present cost.
I a e aI I n te re St 6 A) Hald the painter aver an element name or click Help for mare information.

Llfetl me 25 years Annual real interest rate (%)

Froject lifetime (years)
Svstem fixed capital cost ()

System fixed D&M cost ($Ar)

1L
EEEEE

Capacity shortage penalty ($/kWh)

System Control oo | _cme | o

Cycle-charging

File Edit Help

L

The zystem control inputs define how HOMER models the operation of the battery bank, and generatorz, The dizpatch strategy
o determines how the system charges the battery bank.

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

Simulation

Simulation time step (minutes) B0 11

Dispatch strategy
[ Load following
[v Cycle charging

[v Apply setpoint state of charge (34) 80 11




Other Information

Emission: all O

Constraints
Operating
reserve 10%

Capacity
shortage 0%

File Dgit Help
Constraintz are conditions that spstems must meet to be feazible. Infeasible zystems do not ap
reserve provides a margin bo account for intra-hour deviation from the hourly average of the Ic

margin for each hour bazed on the operating reserve inputs.

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

baximum annual capacity shortage (%:)

1
e

binirmum renewable fraction (%2

Operating reserse
As percent of load

Hourly load (%:)

Annual peak load (24

Az percent of renewahble output

Solar power output (3]

ek Bk

Wind power output (%2)

Frimary energy savings

[ Minimum primary energy savings (%)

dd

el

(o))
~



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

Equipment ko consider Add/Remove... Simulations: 0 of 400
\‘ Calculate s
Sensitivities: 0of1
'! + ; | Sensitivity Results l Optimization Results ]
Frimany Load 1
151 kiwhid (@ Tabul:™
_b_j-_. 25 kW peak Export... Details...
Gereratar 1 Dinuhle click an o cwctarn baloa: for antirnization ra
= - PV WS- |Genl|Conv. Initial Operatin Total
> Dle—rte—E] L Vel L AEEE
Correerter \Windais 46 (kW) (kW) | (kW)| Capital Cost (8fyr) NPC
AC oC
Resounces Other
Solar resource @ Economics
“wind resource @ System control
Diesel E Emizsions
@I Constraints

Click Overall: view all possible combinations

400 of 400
Sensitivities: 1 of 1

Simulations:

Frogress:

Calculate Status:

Completed in 3 seconds,

Sensitivity Results Optimization Results ]

Double click on a system below for simulation results. (" Categori; @ Overa; Export. Details...
" PV WS- |Genl|Conv,| Initial Operating Total COE |Ren.| Diesel | Genl -
g e kW)| (kW)| Capital | Cost@siy)| NPC  [smw |Frac| © | (hrs)
& 25 $10000 24713 $325917 0464 000 38374 87. =
uid ) 10 25 5 $49.000 24,3617 $360419 0513 012 36573 B7.
F 3 10 2510 $ 53.000 24 450 $365568 0521 012 36530 B.7.
¥ e 10 25 15 $ 57.000 24557 $370916 0528 012 36530 387.
A 1 25 5 $44.000 25,964 $375906 0535 000 38325 B8.7.
ud ) 15 25 5 $ 66,500 24,268 $376.727 0536 017 36038 B8.7.
e 30 $12.000 28,814 $380341 0542 000 43945 87.
F 3 15 25 10 $ 70,500 24279 $380.866 0542 017 35813 B.7.
M 1 25 10 $48000 26070 $381.265 0543 000 38325 87. 68




Analysis of the System

Click “Cateqorized”

400 of 400
1 of1

Simulations:

Frogress:

Calculate Status:

Sensitivities: Completed in 3 seconds.

Sensitivity Results  Optimization Results l

Double click on a system below for simulation results. @ Categori; (" Overal _Export. Laale
" PV |W35-.| Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl
g c 2 e kW) | (cw)| capital | Cost(siy)| NPC  |skW.|Frac| L | (hrs)
E} 25 $ 10.000 24713 $325917 0464 000 38374 8.7.
7 E} 10 25 5 $49.000 24 361 $360419 0513 012 36573 8.7.
,L E} 1 25 5 $44.000 25964 $375906 0535 000 38325 8.7.
& )l *3F 10 1 25 5 $79000 25508 $405075 0577 012 36531 87.

Now back to “Overall’, and choose any system of
Interest by clicking/ double clicking

400 of 400
Sensitivities: 1 of 1

Simulations:

Frogress:
otatus:

Calculate

Completed in 3 seconds

Sensitivity Results  Optimization Results ]

Double click on a system below for simulation results. (" Categori: @ Overal Export. Details..
b PV |WS5-.|Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl
"’LCB (KW) (kW) | (kW) | Capital | Cost($/yr) MPC B/KW .| Frac. (L) (hrs)
'[j} 25 $10.000 24713 $325917 0464 000 38374 B8.7.
_______ F 10 25 5 349000 24361 $360419 0513 0.12 36573 87.
ﬂ _______ [l $53000 24450 $365558 0521 012 36530 87.
["_,5'3 10 15 $57.000 24557  $370916 0528 012 36530 &87.
AL ) 1 25 5 § 44,000 25964 $375906 0536 000 38325 B7.
ad CB 15 25 5 $ 66,500 24 268 $376727 0536 017 36038 &87.
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Analysis

Simulation Results

‘Simulation Results

Swstern Architecture: 10 kW PY 10 kv Rectifier Total NFC: $ 365,558
25 kvy Generatar 1 Levelized COE: $ 0.521/kwWh
10 kWY Inverter Operating Cost. $ 24,4504
| CostSummary | Cash Flow Electricall PV l Genl l Converter | Emissions | Hourly Data
Costtype: 350,000 Cash Flow Summary
(8 Metpresent
(" Annualized 300,000
[+ Reverse sign
250,000
&
&
Categorize: gzuu-uuu'
(& By component g
" By costtype i P00,
E
[~ Show details = 100,000
50,0004
0 I
P Converter
Compare...
Caompaonent Capital ] Replacement ()] O [F) Fuel [$] Salvage [§] Taotal [$]
Py 35,000 77958 o 0 -4,369 38,426
Generatar 1 10,000 E4,532 55,953 126730 -BE0 FE415
Corrverter 8,000 3,338 a 0 21 10,717
System 53.000 75,665 55,953 126,730 -5.850 365,558
#ML Beport HTML Report Help Close

v



PV Output

‘Simulation Results o TR
bg

Systermn Architecture: 10 kW Py 10 kvy' Rectifier Total MFC: $ 365,558
26 kWY Generatar 1 Levelized COE: $ 0.521/4Mvh
10 kW Inverter Operating Cost: § 24,4504
| Cost Summary | Cash Flow | Electrical PV ‘Gen‘l ] Converter | Emissions | Hourly Data
[uantity Walue Units [Auiantity Walue nits
Rated capacity 100 kw rimirnurn output 0.00 kw
tean output 113 kw b amimumm oukput 954 lw
tdean output 272 kwhid P penetration 180 %
Capacity factor 1.2 % Hours of operation 4,380 hrdyr
Tatal praduction 9911 kwhdyr Levelized cost 0303 $/kWh
o PV Qutput i

T
=

Hour of Day
Fa

! v L A

o

Apr May Aug Sep

<ML Report HTHML Repart Help ‘ Close ‘




Electrical Output

Simulation Results o T R ————

Swstern Architecture: 10 kW PY 10 kv Rectifier Total NFC: $ 365,558
20 ki Generator 1 Levelized COE: $ 0.521/kMh
10 kWY Inverter Operating Cost. $ 24,4504
| CostSummary | CashFlow Electrical IPV | Gen1 | Converter | Emissions | Hourly Data
Production ke % Consuniption ke % Quantity kb 4
PV array 9.911 12 AL primary load 54,933 100 Excess electricity 30,254 w2
Generator 1 TE.O087 88 Total R4933 100 Unmet electic load 0000535 0o
Tatal 85,938 100 Capacity shortage 0442 IR
| Quantity Walue
Renewable fraction 0115
12 Monthly Average Electric Production
=
- Generator 1
g
&
¢ Jan Feb Mar Apr May . Jun " Jul Aug . Sep " Ot Mowv . Dec
#ML Beport HTML Report Help | Close

12



Sensitivity Analysis on Wind Power

Click Wind resource

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

Wind Resources

Sensitivity Values

Sensit‘éjty Values

Variable: Wind Data Scaled Awverage
Units: mis
Link with: | <none> ~|
Yalues: 1 3,260 - Clear

2 5.500

3 7.500

4 9.500

5

E

7

g

9

10

11

12 ﬂ

Help | Cancel | (0] 8

Sensitivity Values

Solar Resources

Sensitivity Values

[

Yariable: Primary Load 1 Scaled Average
Units: kidh/d

=

Link with: |<none>

Ly
Yariable: Solar Data Scaled Awverage
Units: kivh/rr®id

=

Link with: |<none>

Diesel Fuel

Units: Bl

Yariable: Diesel Price

Link with: |<none>

Walues: 1

Help

Walues: 1 - Clear Yaluas: 1 40M0 - Clear

2 2 8.000

3 3 12.000

4 4 16.000

5 5

B B

7 7

8 8

g g

10 10

1 1

12 ﬂ 12 ﬂ

Help | Cancel | oK | Help | Cancel | oK
=l
=
Cancel | Ok
|




Sensitivity Analysis

Save and Calculate Vi i f S
NeW We See the tab for Sensitivity Results  Optimization Results\

Sensitivity variables

“Sensitivity Results” Wind Speed (m)[35 <]

Sensitivity Results \ Optimization Resulis l

Graph type |Optima| systemtypeﬂ (" Tabul:ie Graphi
Sensitivity variables

Frimary Load 1 (kiwh/d) |x-axis * | Global Solar (KwWh/m2id) |y-axis * | Wind Speed (m/s) |3.26 | Diesel Price ($/L)|04 -
Variables to plot
Superimposed |F‘V Production ﬂ Mew Window...

Optimal System Type _ System Types
0 - Gen1
I Pvicent

Superimposed
PY Production (KWhiyr)

Fixed
M| Wind Speed = 3.26 mis
Diesel Price = S0 4/L

Global Solar (KWWhin/d)

40 60 &0 100 120 140
Right click to copy, save, or modify Primary Load 1 (kKWhid)
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HOMER — Input Summary Report

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
iInputs, 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.

IFiIe View Inpukts  Cutputs  Window

held B BB T
S A b )
-quipment [o con HTML Repart Lddy

1 I
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HOMER — Simulation Result Report

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

System Architecture:

CostSummary | Cash Flow | Electical | PV

Costtype:
@ Netpresent
i Annualized

[v Reverse sign

Categorize:
i@ By component
i By costtype

[ Show details

Compare...

10 kW P
25 kv Generator 1
5 kWY Inverter

350,000

5 kv Rectifier

lGen‘I ]Convener Emissions | Hourly Data

Cash Flow Summary

Total NPC: § 360,419
Lewvelized COE: $ 0.513/kWh
Operating Cost. § 24,361 A

300,000 4

250,000 4

200,000 4

150,000 4

Net Present Cost ($)

100,000

50,000 4

0

Compaonent
W
Generator 1
Converter
Sustemn

P
Capital [$] Replacemnent [$]
35,000 7795
10,000 B4.532
4,000 1.663
43,000 73,936
ML Report

O&M [$) Fuel [$]
55,

55,953

HTKL Report |

0
18v.003
0
187,003

Converter
Salvage ($] Total (§]
-4.369 38.426
-860 F16.634
-3 5,358
-5.533 360,419
Help Close
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What Is this message for?

MY PV search space may be insufficient.

‘W Caonveerter zearch space may be insufficient,

Completed in 3:17.

':.-I
A=

Those messages mean that:

you need to expand your search space to be sure you have found the
cheapest system configuration.

If the total net present cost varied with the PV size in this way, and you
simulated 10, 20, 30, and 40 kW sizes, HOMER would notice that the
optimal number of turbines is 40 kW, but since that was as far as you
let it look, it would give you the "search space may be insufficient"
warning because 50 kW may be better yet.

It doesn't know that until you let it try 50kW and 60kW.

If you expanded the search space, HOMER would no longer give you
that warning, since the price started to go up so you have probably
identified the true least-cost point.
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