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Kwang Ahan Bridge located in Pusan City, South Korea,
under illumination supplied by grid power




Input Study

e Load
— Number of LED lamps: 1184
— Rated Power of each LED lamp: 10 W
— Total Lighting Load 1184*10W=11840W

e Solar Resources
— Peak Sun Hours: 4

e WInd Resources
— Average Wind Speed: 6.2 m/s




Renewable Sources

e Wind Turbine: 100KW
e PV: 50KW
e Converter: 50KW
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Primary Load Inputs

File Edit

&

Help

months or day twpes. For calculationz, HOMER uzes scaled data: bazeline data scaled up or down to the scaled annual average value,

Huold the pointer over an element or click Help for more informatian,

I=Ter= W Frirnany Load 1 Load type: (& AC ¢ DC

Bazeline data

M onth January -

Drata zource: % Enter daily prafile(s] € Import time senies data file

Chooze aload bppe [AC or DC), enter 24 hourly walues in the load table, and enter a scaled annual average. Each of the 24 values in the load table iz the
average electic demand far a zingle hour of the day. HOMER replicates this profile thraughaout the pear unlezs you define different load prafiles for different

12 Daily Profile 2 DMap
D l—_l I il 'Iu'F ' i ||' AT : . N TR ".I".
day t_'.-'l:IE "-,-'-,-"E:E:kda_l,l - Hllr' T “ "rfl 1 i IIII‘ wa ‘IJ' ||
E_ B E.h-‘IB i il Ny II I ram
Haur Load [kKiw] | ~| = =
ooo0-o:00) 11840 | ° '?;“'3
o100 - 0200 11.840 ! J? ﬂ- | IJlllll il r!'l i |'|| i + | 1||l || ||||
. - | II 1 il I e II II lII
DEDD ; DEDD 1184[' a o 1 |||| [ || |||| ILIIIII I‘HIIII l‘l"‘ |b U ‘IL r- hd th IIITJ ” lL l
0200 - 04:00 11.840 0 12 15 24 Jan EI::- Mar Apr MayJun Jul Aug Sep Oct Nov Dec
04:00-05:00  11.840 Hour
05:00 - 05:00 11.840 — ¢ Seasonal Profile
06:00 - OF:00 0.000 20 T - T _ - - T T max
07:00 - 08:00 0.000 =3 daily high
0g00-0%00, 0000 =T mesn
09:00 - 10:00 0.000 8101 daily low
10:00 - 11:00 0.000 i min
ETTER 0.000 j o Jan Feb Mar Apr May Jun Jul Aug Sep Ot Mow Dec  Ann
R andom wariability
D ay-to-day 15 % Baseline | Scaled Efficiency [nputs. ..
Time-step-to-time-step 20 % Average [Ewhd) 14 14
Average [kKw] h.88 587
Peak (ki) 228 228 Elot... Sl
Sealed annual average [kiwh/d) 14 ﬂ Load Factar 0257 0257 Help Cancel ak.




Wind Turbine Inputs -

File Edit Help
Chooze a wind turbine twpe and enter at least one guantity and capital cost value in the Costs table. Include the cost af the tower,
contraller, wiring, installation, and labor. Az it searches for the optimal systerm, HOMER conziders each quantity in the Sizes o Conszider
table.
Haold the paointer ower an element ar click Help for rmore information.
Turbine type  |1EE] =Sy Details... Hew... Delete
Turbine properties
Abbreviation:  FL100  [uzed for column headings) 140 Power Curve
Hated power: 100 kW AC 120
b anufacturer: Fuhrl?der &G 3 100
W ehzite: iy fuhrlaender. de = =0
2 &0
=}
o 40
20
a 1 T T T
0 i 10 15 20 25
Wind Speed (mJs}
Cosgts Sizes to consider
i i i - Cost Curve
Guantity | Capital [$] | Replacement [$] | Ot [$A0r) Cluantity 20
1 11000 Foao 200 0 .
2 20000 12000 are 1 i B i
2 8 10
L {3 ] 5]
O ther
a : : T
Lifetime [vrz) | 15 1.1 0.0 05 1.0 15 2.0
Cruantity
Hub height [m) | B0 L) == Capital = Replacement
Help Cancel ak.
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PV Imputs

File Edit Help

’

HOMER conziders each PV amray capacity in the Sizes to Conzider table.

Enter at leazt one zize and capital cozst walue in the Costz table. Include all cozte azzociated with the P
[phiotovoltaic] spstem. including modules, mounting hardware, and installation. &z it searches for the optimal svstem,

Maote that by default, HOMER zets the slope walue equal to the latitude from the Solar Bezource Inputs windo,

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

Coszts Sizes to conzider
. . i Cost Curve
Size [kw] | Capital (] | Replacement [$] | O&b [F/0r) Size [k =0
............ 50,000 E300 5300 L 0.000 =2
100,000 g =71
= L
200,000 5 ‘0
L () | 3 ] S
. a 1 : 1
Froperties 0 50 100 150 200
Size (KW}
Clutput curent C- AL =« DC = Capital = Replacement
Lifetime [pears) | 20 1.} Advanced
Derating factor (%) | 80 {.} Tracking syztem |Mo Tracking j
Slope [degrees) |35-4333 1.1 | Consider effect of temperature
Aziruth [degrees W oaof 5] | o .} | -0.5
Ground reflectance (%) | 20 1.} | 47
| 13

| Cancel | [H]:
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PV Inputs

Eile Edit Help

Hold the pointer over an element ar click Help far more information.

Lifetime [pearz)

Slope [degrees)

Derating factor %)

Azimuth [degrees W' of 5)

Ground reflectance [3)

o

35,4353

[N

ol

Coszts Sizes to congider
Size (k] | Capital [$] | Replacement [$] | O&k [$/ur) Size [k
............ 50,000 E300 d 0.000 ==
100,000 El
200,000 =1
B 4
L L) | 8
Properties
Qutput current { AC « DC

¥k}
=

Enter at least one zize and capital cost value in the Costz table. Include all costz associated with the PV
[photovaltaiz] spstem, including modules, mounting hardware, and installation. As it zearches for the optimal zpstemn,
HOMER conziders each P array capacity in the Sizes to Conzider table.

Maote that by default, HOMER zets the slope walue equal ta the latitude from the Solar Bezource [nputs windom,

Cost Curve

n
L

=
L

Lo Y e | R e Y
L 1 L

50 100 150 200
Size (KWW}

== Capital = Replacement

Advanced

Tracking system |Mo Tracking

| Consider effect of temperature

Help

]

Cancel | k.
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Battery Inputs

File Edit Help

Chooze a battery type and enter at least one gquantity and capital cost value in the Coszsts table. Include all costz azzociated
with the battery bank., such az mounting hardware, inztallation, and labor. Az it zearches for the optimal zystern, HOMER

cohgiders each quantity in the Sizes to Conzider table.

Hald the painter over an elerment ar chick Help for more infarmation.

Battery tppe (B S RS 2 Details... Hew. .. Delete

B attery properties

Manufacturer: Rollz/Surette Marminal valtage: B
Webszite: vy rollzbattery. com Marminal capaciby: 1.156 &h  [6.94 kK\h)
Lifetime throughput: 3,645 Ewh
Costs Sizes to congider
; ; . - Cost Curve
Guantity | Capital [$] | Replacement [$] | O [$5r) B atternies 200
1 &000 G000 a0.00 0l = 500+
a0 g 400
= o 200
a0 B 200
{.} .1 L. 2 400
a ; T T 1
Advanced 0 20 40 60 80 100
Cruanti
B atteries per string | 1 [BY bus] — Capital fnp::;m,}mlim

| Minimum battery life [y | 4 J

Help Cancel k.




Wl File view Inputs Outputs Window Help
NSH B BB

g

Choe | SO Dts o
9| |—F| Sensitivity Results  Optimization Results |
Frimary Load 1 F itivi i
’k ;;L&*‘;@;ﬂ i;;?twltly variables = - -
Fuhrl_“_l?der 100 enalt_l,l [$a’t]m M ax. COZ Emzsions [kga’yr]m
A Zinmn nan e E]E'U'IJ'E'E‘EUCE?nﬁzsyitflﬂuhii;i Conv.| Iniial | Uperating latal | COE | Hen, |_apacit
Converter SECS25F S @L@-w; L i 7720 A L S 1 TA L L APy AL o
o o [_,L ] 1 A1) Al $ 353,250 17,6563 Fe72.012 1,056 1,00 0,02
Resources Other .0 100 1 B0 &0 $ 397.050 17.819 $BE7.262 1,091 1,00 0,00
E i resourcE @ s o o | 200 a0 A0 $ 575,850 26,178 $O59,236 1,50 1,00 0,01
g%_' Wind resource ~Q' System control
E:‘] Emissions
@ Constraints
D'ocument
Author |
Muotes -

i }4 Comoleted in 14 zeconds.




2| C:WUserswuser#Desktop#System Report - Project-212 htm

2 BEE 27N SAHZIA) =0 E=FEH)

System Report - Project1

Sensitivity case
CO2 Emissions Penalty: 2 St
Maximum C0O2 Emissions: 30,000 kgfyr

System architecture

Wind turbine 1 FuhriZnder 100
Battery 60 Surrette BCS25P
Inverter 50 KW

Rectifier 50 kW

Cost summary

Total net present cost $572012

Levelized cost of energy | $ 1.056/kWh

Operating cost %17, 683hr

Cash Flow Summary
000 — Fuhri?der 100
== Surrette 6CS25P
- Converter
300,0004— Other

g

£

S 200,000

E

-

£

£ 100,000+

3

ol — o
-100,000 - -
Capital Replacement Operating Fuel Salvage

Net Present Costs

Capital | Replacement | O&M | Fuel | Salvage | Total
Component

(%) () (%) (5) (5) (5)
FuhriZnder 100 11,000 2207 | 2135 V] -341 15,001
Surrette 6CS25P | 360,000 199,733 | 32,024 0| -48,186 | 543,571
Converter 6,250 1,341 534 0 -684 7.440
Other 6,000 0 0 0 0 6,000
System 383,250 203,280 | 34,693 0| -49.211 | 572,012

Annualized Costs

Capital | Replacement | O&M | Fuel | Salvage | Total
Component

(Biyr) (Biyr) (Biyr) | (Bhyr) | (Bhr) (Biyr)

FuhriZnder 100 1,030 207 200 o -32 | 1405
Surrette 6CS25P | 33724 18,711 | 2,000 0| -4514| 50,821
Converter 585 126 50 0 -64 697
Other 562 0 0 0 0 562
System 35,902 0| -4610| 53585




2| C:WUserswuser#Desktop#System Report - Project-212 htm

2 BEE 27N SAHZIA) =0 E=FEH)

Surrette 6CS25P | 33724 18,711 | 3,000 0| -4514 (50921
Converter 585 126 50 0 -G4 697

Other 562 0 0 0 0 562

System 35902 19,043 | 3250 0 -4 610 | 53,585

Cash Flows
400,000 — Capial
- Replacement
Salvage

£ 200,000 || — Operating

s ke = Fuel
L)
[T
2 -
(4]
=
.=

E
£ 200,000 : H—]

400,000 2

012345678 8101112131415 1817 18 1920 21 22 23 24 25
Year Number
Electrical
Production | Fraction H D |

Component | * R Wind Power Alone
Wind turbine 265724 100% WO rkS
Total 268,724 | 100%

50 Monthly Average Electric Production e

_« |

=

=20

LRl

&

10

1]

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

- Consumption | Fraction
(KWhiyr)

AC primary load 50,746 100%
Total 50,746 100%
Quantity Value Units
Excess electricity 204,508 | KWhiyr
Unmet load 719 | KWhiyr
Capacity shortage 853 | KWhiyr

Renewable fraction 1.000

AC Wind Turbine: FuhriOnder 100

Variable Value Units
Total rated capacity 100 | KW
Mean output 307 | KW

Capacity factor 30.7 | %




Ei) J“"'EEJ 5‘-7I(\"J

SHET|(A)

Quantity Value | Units
Energyin 29,517 | KWhiyr
Energy out 23,618 | KWhiyr
Storage depletion 548 | KWhiyr
Losses 5,883 | KWhhiyr
Annual throughput | 26 406 | kKWhiyr
Expected life 120 [ yr

Frequency Histogram 100 Statistics
= ML TEE
Ezﬂ g e ! l
g B | 11
310 ®
= . 20

0 il sta‘;“;f.:h;;f'ems“ i Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Converter

Quantity Inverter | Rectifier | Units
Capacity 50.0 50.0 | KW
Mean output 24 34 | kW
Minimum output 0.0 0.0 | kKW
Maximum output 216 14.8 | kKW
Capacity factor 4.9 6.7 | %

Quantity Inverter | Rectifier | Units
Hours of operation 2,349 5,200 | hrsiyr
Energyin 23618 34 726 | KWhiyr
Energy out 21,257 29517 | KWhiyr
Losses 2362 5209 | KWhiyr
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Optimization

e Wind Turbine 100KW

e |nstallation of 50KW at either side of the
bridge.




Diesel Generator Only Case

e Genl-200KW
e C02 Emission 89,931 kg/yr




'HOMER - [Pro]

fii File View Inputs Outputs Window Help

DEH R BB 2
— [Add/Remove. |

Equipment to conzider

Simulations: 3 of 3
Sensitivities: 150f 15 Status:

Progress: |

Completed in 4 zeconds.

Generator 1 Frimary Load 1
141 kwhid
23 kW peak
aC
Fesources Other

. E conomics
Systemn contral
E Emizsionz
Constraints

|§I Diezel

Documnent

.ﬁuthorl

Sensitivity Results  Optimization Results |

Sensitivity variables

Dpuh_ll_e“c_l_ick_gn“a systern below for

CO2 Penalty [$74) I 30 '! Max. CO2 Emissions [kgdvr) ! 1.000,m 'I

Motes

Ll

ILabel] Inial | Operating Total COE
(kW) | Capital | Cost($/vr NPC $/KWh Frac,

Liesel | Label

(L

(hrs)

(L] $ 6,500 b, 166 $ b4, 6dh

34,151

4.3

ﬁ Completed in 4 seconds.




Inputs Qutputs Window Help

DEH R BB & ?

Equipment to conzider

Add/Remove...

Generator 1 Primary Load 1
141 kwhid
23 kW peak
aC
Resources Other
@ Diezel E conomics
@ Systemn contral
Emizsionz
Constraints
Documnent
Authar |
Motes »

|

Simulations: 3 of 3
Sensitivities: 150f 15

Sensitivity Results  Optimization Results 1
Sensitivity variables

Progress: |
Status:  Completed in 4 seconds.

CO2 Penalty [$74) 1 30 *| Max CO2 Emiszions (kadyr) | 1.000.00 =

Dloulqll_e‘!c_l_ick_g!j“q systern below for

j Lk “:-ien. i:;gpalcitsi Digsel ILEne|1

e

" [Label| Iniial | Operating Total
Cost ($/yr) NPC,

(kW | Capital
“m 60 §8.500 hg, 186 % 629

Simulation Results

Syztem Architecture: 50 kW Generator 1

Cost Summary | Cash Flow | Electrical | Label | Emissions | Hourly Data |

Total NPC: $ 623,645
Levelized COE: & 1.146/k'wh
Operating Cost: § 58,1884

C(D_-Sft B TETIE Cash Flow Summary
=
¥ Reverse sign HSDD,DUD-
=
‘E 400,000 4
Categorize: g
+ By cormponent Eauu,uuu-
¢ By cost type E
I~ Show detalls  §2%0%]
100,000
U B
Label Other
Compare,.,
Component Capital ($] | Replacement [$) M (3] Fuel [$) Salvage (3]
Generator 1 2,500 £.974 2,337 583,285 256
Other E6.000 1] 28,800 0 ]
System 8,500 E.979 3137 583,285 -256
=ML Repart HIML Repart Help LCloze

Q Completed in 4 seconds.




-

Simulation Results

System Architecture; 30 kw' Generator 1 Total MPC: % 629,645
Levelized COE: $1.146/kWwh
Operating Cozt: § 58,188
Cost summary | Cash Flow | Electrical | Label | Emissions | Hourly Data |
Cost type:! Cash Flow Summary
« {Net present b
" Annualized
v Reverse sign _E'DD'DDD'
=
+ 400,000
[=]
Cateqarize: E
&+ By component EEDD-““”'
" By cost type 2
. & 200,000
[ Show details E :
100,000 -
0
Label Other
Compare,,, |
Component Capital [$] Heplacement [$] Ok [$] Fuel [$] Salvage [$]
Generator 1 2500 2337 R83.285 -2A6
Other E.000 28,800 1] 1]
System 8.500 3137 RE3.285 -256
ML Report HIML Repart Help Cloze




T rile view Inputs Outputs Window Help

B TR

Equipment to conzider

Generator 1 Frimary Load 1
141 kwhid
23 kW peak
aC
Fesources Other

— | Add/Remove...

Qalculaté

&)

©)| 2 CwUserswuserwAppDatawLocalWTempwProject O - ¢ || (& system Report - Projectl

oER HEE 2V SARAIW =70 ESEH

|§I Diezel . E conomics
Systemn contral
E Emizsionz

Constraints

Documnent

.ﬁuthorl

Motes

Ll

Sensitivity Re
Sensitivity var
CO2 Penalty [$41
Double click o

| Label
@4 (k) C
s A0

System Report - Project1

Sensitivity case

C0O2 Emissions Penalty: 30 St
Maximum CO2 Emissions: 1,000,000 kafyr

System architecture

Generator 150 kKW

Cost summary

Total net prezent cost 5 629,645
Levelized cost of energy | & 1.146/kWh
Operating cost $ 58,188Nr

Cash Flow Summary

600,000 - Generator 1
Other
500,000
& 400,000
z
© 300,000
=
-
§ 200,000
-8
§ 100,000
0
-100,000 _ .
Capital Replacement Operating Fuel Salvage
Net Present Costs
Capital | Replacement | O&M Fuel Salvage | Total
Component
(8) ($) (3) () (5) (8)
Generator 1 2,500 6,979 | 2337 | 583,285 -256 | 594,845
Other 6,000 0| 28,800 0 0| 34,800
System 8,500 6,979 | 31,137 | 583,285 -256 | 620,645
Annualized Costs
Capital | Replacement | O&M | Fuel | Salvage | Total
Component
(Sfyr) (Biyr) (Biyr) | (Bhyr) | (Siyn) | (Shyr)
Generator 1 234 654 | 219 | 54,641 -24 | 55,724
Other 562 0| 2,698 1] 0| 3280
System 796 654 | 2,917 | 54,641 -24 | 58,984
Cash Flows
20,000 — Captal
Replacement
Salvage
2 “MANAREE RN AN AR NN RN R operotng

o —

ﬁ Completed in 4 seconds.



Window
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T File view Inputs Outputs Help

DEdBE B8 & 2

Equipment to conzider

— | Add/Remove...

Lalculate

CilserswtuserivAppDatawlocalWTempwProject O -~ & !l (& system Report - Projectl

EARTIA)

Generator 1 Frimary Load 1
141 kwhid
23 kW peak
aC
Resources — Other
@ Diezel E conomics
Systemn contral
Emizsionz
Constraints
Documnent
Authar I
Motes »

Ll

oER =HEE 27V
I T

2N =23H)
|

Sensitivity Re Quantity Value | Units
Sensitivity varll | g, coss electricity | 15,075 | kiwhiyr
CO2 Penalty [$4 Unmet load 0.00 | KWhiyr
Double click of | | Capacity shoriage 0.00 | KWhiyr
-@i Labell - U1 | Renewable fraction | 0.000
& A Generator 1
Quantity Value | Units
Hours of operation 4379 | hriyr
Mumber of starts 366 | starisfyr
Operational life 343 [ yr
Capacity factor 152 | %
Fixed generation cost 6.93 | &/hr
Marginal generation cost | 0.420 | S/kWhyr
Quantity Value | Units
Electrical production 66,540 | KWhivr
Mean electrical output 152 | KW
Min. electrical output 15.0 | kW
Mazx. electrical output 228 | kW
Quantity Value Units
Fuel consumption 34,151 | Liyr
Specific fuel consumption 0.513 | L'kWh
Fuel energy input 336,045 | KWhiyr
Mean electrical efficiency 19.8 | %
s Generator 1 Qutput "‘2"‘4_0
122
E 18 14.4
5 296
5 45
2 0.0
Jan  Feb  Mar  Apr  May Jun Jul Aug Sep Oc Nov ~ Dec
Emissions
Pollutant Emissions (kg'yr)
Carbon dioxide 89,931
Carbon monoxide 222
Unburmed hydocarbons 248
Particulate matter 16.7
Sulfur dioxide 181
Mitrogen oxides 1,881

ﬁ Completed in 4 seconds.




Conclusions

 Kwang Ahn Bridges can be illuminated at
night by using 100KW wind turbine power.






