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9. Team Project & Summary

Charles Kim, “Lecture Note on Analysis and Practice for Renewable Energy Micro Grid Configuration,” 2013. www.mwftr.com
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What we have learned so far

HOMER

Editing an example code
Resources and components
Simulation (“calculate”) and Optimization
Result interpretation
Creating a design of code
For your system
Resources and components
Simulation and optimization

We are ready to do something more our own !!
Team Project (Now)
Team Project Demonstration/Presentation (Tomorrow)
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Team Design Project

Design a Hybrid Energy System (Grid may be connected)
Site: Work (School or Company or store) —team’s
consensus

Mission/Goal: Energy reduction, peak shaving, or zero-
energy system

L . . . " HOUR [kw]
Objective: Find the optimum system with sensitivity 0000-0100 10
analysis 0100-0200 10

0200-0300 10
Components: Grid (optional), Converter, Wind Turbine, PV gzgg—gggg %g
panel, Fuel Cells, Electrolyzer, and Hydrogen Tank 0500-0600 20

i ifatime: 0600-0700 20
Project Lifetime: 20 years 0700-0800 150
Fixed Cost: $10,000 0800-0900 140

I . 0900-1000 140
Load Study — as realistic and true as possible 1000-1100 140
s 1100-1200 140
You may have to use your own load profile obtained 1200-1500 140
from your work 1500-1600 140
You need to provide resource data on your work 1?83:}@88 %88
i 1800-1900 30
location 1900-2000 30
Solar Radiation {provide also sensitivity} 2000-2100 30
. e 2100-2200 20
Wind Speed {sensitivity} 2200-2300 10
2300-2400 10
3
Suggested Component Data — Wind and PV
Wind Turbine
Furhlander 30
Size: 30 kW
Lifetime: 20 years
Quantity: 10: [0, 5, 10]
Capital Cost: $7,800 [for 1 unit]
Replacement Cost: 10% of the Capital Cost
O&M Cost/Year: 5% of the Capital cost
PV Module
Size: 200kW: [0,100,200,300] kW
Derating Factor: 90%
Lifetime: 20 years
Capital Cost: $5000/kW
Replacement Cost: 10% of Capital Cost
O&M: 1% of Capital Cost 4
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Suggested Component Data — Hydrogen

Electrolyzer
Size: 100kW: [0, 50, 100] kW
Lifetime: 20 years
Capital Cost: $3000/kW
Replacement cost: 50% of Capital Cost
O&M Cost/Year: 5% of Capital cost
Fuel Cell
Size: 200kW: [0, 100, 200, 300] kW
Lifetime: 30000 operating hours
Capital Cost: $5000/kW (or $500/kW)
Replacement Cost: $0
O&M cost: $0.1/hour
Hydrogen Tank
Size: 2000 kg: [0, 1000, 2000, 3000]kg
Lifetime: 25 years
Capital Cost: $500/kg
Replacement Cost: 10% of Capital Cost
O&M Costlyear: 0.5% of the Capital Cost

Side Bar- Hydrogen Systems

Electrolyzer system converts electricity into hydrogen by
electrolyzing water

Hydrogen is stored in steel tanks or geological cavern

Reconverted to Electricity using 2 methods:
Polymer Electrolyte Membrane (PEM) fuel cell
Hydrogen Expansion Combustion Turbine
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Fuel Cell Modeling

Equipment to consider EEE(M I
Fuel Cell In HOMER modeling: T
o — 8]
Pick a generator o Il
Type: DC —e
Fuel: Stored Hydrogen %Hf;:{‘_r'ﬁi‘- |

Chooze & fusl, and arter 8t baast one 3. capdal cost and openston and maenbenance [05M) vl in the Costs labs
Mot that Lhe capital coot inchades inttalation costs, and that the DM cot i esprested in dolars per operating hour.
Erder & nonzeso hesl recowsty ratio f wall bes pecovened lrom this gersiabod o senve thesmal koad. As & seanches o
the: optimal gstem, HOMER wall consids each geresatos size in the Ses bo Consider bable

{F\ Hoid the peinter over an slement of chck Help for mor info

@lm | Schade | Emssora | Gt \ 0 T ]
Costs Fusl curve
Size (kW) | Capial (8] | Fieplacement (8] | 03M (8] Fuel 3 Stored hydroge =] Detots
200000 10D0C00 o 0100 S —I—
___,--"".. Intercent cosff. fog/he/ kW rated) boE )
| i " | Siope p/heW eutput) CF Y
Fropesties Advenced
| Description. [Fusl Ced Type O AC Haat recovery ratio (1) [
Abbreviabion |Lobel /-' @ c ™ Crfirm withy hincine
Hep | Caeel | 0k 7

Suggested Component Data — Converter

Converter
Size: 200kW: [0, 100, 200, 300]kwW
Lifetime: 20 years
Efficiency: 90%
Capital Cost: $1000/kW
Replacement Cost: 30% of Capital Cost
O&M Cost/Year: 10% of Capital Cost
Grid (Optional)
Single rate

Price ($/kWh): $0.15 :
Sellback ($/kWh): $0.15

Demand: $0
Purchase Capacity: 300kW
Sellback Capacity: 200kW
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Analysis Points and Team Presentation

Analysis Points:
Site Identification - Mission or Goal
Load study - Should match with the site and the goal
Find the Solar Radiation, and give Sensitivity values
Find the Wind Speed, and give sensitivity values
Calculate and Check the Optimization results
Check the Sensitivity Results
Find the optimum results
Find the components/devices locally available (Important)

Prepare Slides for team presentation (Tomorrow morning)
System Site, Location, etc ( + Real components and vendor info)

Also run the HOMER in the presentation

Example 4 Case

Case 1: Neo-Power (2)
Kwang Hyun Ahn
Hyun Jun Lee
Island
Zero-Energy

Case 2: Green Campus (2)
Hyun Wook Kim
Yong Taek Oh

Energy cost impact to the
renewable source penetration
to university campuses

Cost of Energy




4 Cases - Continued

Case 3: Renewable sourced
pump system (2)

Jae Bum Park

Jung Woon Ahn

Supply drinking water to a Mong'.'
village

Case 4: Yonhwa Island (3)
Su Hyun Lee
Suk Muk Hong
Il Dong Kim

Zero-energy energy self-
sustainability (Energy
Independence)

v

v

Case 1: Zero-Power

Site: Gapa-do Island

Analysis of Carbon Free Island v
program for Gapa-do e
GAPA-DO ISLAND Q0

s

g

Anisland between the main Cheju Island and Mara-do
130 households with population at 312
Peak load: 244kW
Existing Generation:
» 150kW Diesel Generator (x 3)
» Annual energy: 1090MWh/yr

Marado
o2is|




Case 1 - Homer Simulation

'l’ HOMER - [neopowerhmi] - — . —— =
[T File View Inputs Outputs Window Help REER
DEH B ®E e
Equipment to cansider [Bdamemave. | Siulations: 0 of 36 Progess |
[etenere.] L] e Dotz Status: N
= l— | Senstivy Resuts | Optimization Resus |
ngaﬂ\kf?/ﬂw v Graphtype |Optimal system type _~ € Tabular & Graphic]
B Ry Sensiivity vanizbles
P P Global Solar (Kwh/re/d] [wasis v | ‘wind Speed (i) [-avis v DieselPice @/)[16 =
Convetter KEl Varisbles to plot
Generator 2 1 1 Supsimpos edlm—;l New Window
||| Resources Other B Optimal System Type System Types
E Solar resource Q Economics / % [ winome10G2iBatery |
% wind resource & system contel [ VindPVDG1DG2Battery
& Diesal i Emissions Fixed
(8| Conshaints " Diesel Price = $1.6/L
‘Wwharhings
i !I‘T‘nur e (e i)
Document
Authr [ "
Noles A&
3
] i
3
8
- |
i
T
8 10 2
Right click to copy, save, or madify ‘Global Solar (kWhim*id)
| WES 30 search space may be insufficient
| g Completed in 28 seconds
—— = ==
13
Bassline data Scaled data Daly Profile
Manth l—_lJanuaw = — B B B e
Davten [ =] N N [
- .

Ko | Loadw] [+] £ d | | ] Y L o P S
w0-0100]  Enmm | 3 ; |l o 5 o 7 o | VR
000-0200 80000 | 3 i i/ - ke U
W0 WL 80000 nﬂ 12 % % nﬂ 1 1 % nﬂ 1 1 % nﬂ 1 1 %
03000400 80000 T . . o

Hour May Jun Jul Aug
0400-0500 80000
0500-0600 140000 — Seasonal Profile § N s
AT = g . /JP\\ @ /f-\\ &= H\ @ \\
07.00- 08:00 40000 g B = T . o . I daily high| [ 2100 100- 100- 100
000900 4000 o) [ BN BN BN H F N Hue E__’H_j/ \__ __H/J L _Hll [N I VN
@00 00 Beol B | B | N BN BN | BB BB, . . .
10:00-11:00 20000 ! ! ! ! ! ! ! ! ! min 0 201 4 0 12 18 4 0 2 18 24 0 218 A
- - 250- 280- 250- 250-
T100-1200 MMDDJ O Fpr May  Jum  Jul  Aug  Sep - O  Now  Daz  Ann . Sep = Oct . Hov - Dec
Random variabity Ia N R [\
Dayloday 25 % Baseline | Scaled Effiercy Inputs.. | 7 \ Ir \ A \ Ir \
Tineseplotinen] 28 % byersge [whid] | 253 25% 00— T
S Bverage W) 106 106 E} _l \JJ L ] \JJ ‘:_ 5 _,I \Jj \._ 8
Pedk (<%) B o _ e | Ep | . . . .
Sodedamuaavooge W | 6 L]y 040 0410 Help Cancel oK 0 2% u 0 2o % 0 o u 0 2
Hour
8 Solar Resource (Synthesized Data) ‘o
s = — | Emissions
— 1 1T 0.8 x
D (] - . .
P _ AN || 2 Carbon dioxide penalty: $ 1.51
S b - .
é 3 . 0s ] Carbon monoxide penalty: $0it
p I o @
= .
-_2 ,/‘ . lo.4 € Unburned hydrocarbons penalty: $ 0/t
o 24 - ' o .
& 0n 5 Particulate matter penalty: $ 01t
14 . L ] . ro. L X
Sulfur dioxide penalty: $0it
0 T T T T 0.0 i -
N F M A "M J J A 'S5 0 ' N'D Nitrogen oxides penalty: 301

Caily Radiation === Clearness Index




Case 1 - Simulation Result

Case 1
- Diesel Generators Only (existing system)

Generator 1 Diiesel Price ($/L)| 2 -

B+ @] Dosblelickona system below for —

EIRETELET fimary Loa o fw | DG | DiGe | Disg Initial Uperating | otal CUE §Hen, Liesel L= LiEe | DiEs
_ o) CB|CB|CB| (kW)|(kW)|(kW) Capital |Cost($/yr)| NPT [l:gAdihfFrac.| (0 (hrs)|(hrs) {hrs)
= —1

JE i 150 150 g7o000  so3ean ¢ ozeace3| 087 ) oool AT ) eTE0 3005

aC
* CO2 emission : 1000 t/yr
Case 2
- Diesel Generator — WT — PV — Battery
Wi MEl Global Sclar (Kwh/md) | 406 v windSpeed /)67 | DisselPice(s/]2  =| co2Penayigm|15 |

2.5 Myih/d

B Double click on a system below for

(v Categorize © Overall

Generator 1 = -_..“ I : P g
7|4~|CB|CB‘ ED|| (ki |Wtbjl| i (Ukl\]rf)| - L(E\TV\;'| Capial c%'?a?r(as}'/?fgrﬂ o Hr%2'| U | de |t
= FLeat@E 100 1 150 150 240 400 §3922000 369524 §a.150408( 0769 Jov0l 196.775) 4645 420
w8 Cinooli L 3 tlyr
System architecture
- Net Present Costs
Wind turbine 1WES 30
Generator 1 150 kKW Capital | Replacement | Q&M Fuel Salvage Total
Component
Generator 2 150 kw %) %) %) (%) () (%)
Battery 240 Trojan L16P WES30 | 3200000 133,525 | 367,038 0| -66518 | 3,634,045
Inverter 400 kW
Rectifier 400 KW Generator 1 30,000 10,270 0| 3,094 466 -233 | 3,134,502
Dispatch strategy Cycle Charging Generator 2 30,000 0 0| 270646 -251 300,395
Trojan L16P 72,000 40,796 0 0| -1,483| 111,313
Cost summary Converter 80,000 10,014 | 91750 0| -4989| 176785
Total net present cost $ 7‘375,346 Other 10000 0 8308 0 0 18.308
Levelized cost of energy | $ 0.695/kWh | | System 3,422,000 194,606 | 467,105 | 3,365,111 | -73,475 | 7,375,348
Operating cost $ 344 67 1/yr
Emissions
200 Monthly Average Electric Production Pollutant Emissions (kg/yr)
| == Wind Carbon dioxide 482,863
— 1850 — Generator 1 " )
g = Generster 2 | Carbon monoxide 1,192
Emo Unburned hydocarbons 132
& s Particulate matter 898
Sulfur dioxide 970
0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Nitrogen oxides 10,635

FRV]




Case 1- Carbon tax: status [in US$]

Country Carbon Tax
Denmark - 1993: 50% Carbon Tax introduction
e 1996: Introduction of Carbon Tax on Natural Gas
- Carb Tax: $1 - 6/CO2.ton (2004)
Germany - 1999: Increased rate on the Special mineral oil tax on gasoline, PLG, and Natural Gas

- Carbon Tax : $ 0.5- 20/CO2.ton (2004)

United Kingdom

- 2001: Taxation on LPG, cola, natural gas, and electricity
- Carbon Tax: : $ 0.3- 2.5/CO2.ton (2004)

France - Carbon Tax: As of 2004, under review after the verdict of violation of the constitution on
General Tax on Pollution Activities (TGAP)
New Zealand - Carbon Tax: $ 10.67/CO2.ton (2005) was approved by an act, however, the tax collected
is currently being used to lower other taxes.
USA (Colorado) | - First Carbon taxation in the US in April 2007.

- Carbon Tax: $7/C0O2.ton, which amount to $1.33%/m to each household. Households
with renewable installation could get reduction.

Canada (Quebec)

- Carbon Tax: Taxation started in 2007 for petroleum, coal, and natural gas, and the
annual amount is expected to reach at $200M.

Canada
(Vancouver)

- Carbon Tax: $0.025/L on gasoline, diesel, and natural gas from July 2008.

Case 2 — Green Campus

Green Campus Feasibility Study
for Korea University

Estimation of the grid electricity
cost for renewable energy
penetration to college
campuses

Available data: Real time
measurement and display of
the Campus

Average Power Demand = 10,435

kW

Peak Power Demand = 15,637 kW

18
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Case 2 — Load Profile

Label |Primary Load 1

Bageline data

Month

January -
Day type |'Weekday

Load type: O+ AT O DC

How | Load (k) | |
0200-0300) 500000
nx00-04:00) 500000 | =
0400- 0500  500.000
05:00 - 06:00| 1.000.000
06:00- 07:00| 2.000.000
07:00- 08:00| 4.000.000 BT
08:00-09:00| F.000.000
03.00-10:00) 8000000 g 12000
10:00-11:00| 9.000.000 = 000
11.00-12.00| 10000000 §
12:00-1%00| 9.800.000 Il
1300-14:00 10,000,000 - | o

Fiandom wariability

Dayp-to-day

Scaled annual average (Kwhed) | 143001 {0}

14
Time-step-to-time-step 10 %

Hour of Day

24

Hour

A O 0

Seasonal Profile

A i

(]

i

max

Jan Feb Mar Apr May  Jun

Bazeline
Average (Kwhid) 143,001
Average [Kiw] 5,958
Peak [kiw] 15,445
Load factor 0.386

Jul Aug

Scaled
143,001
5,958
15,445
(0.386

Sep

Oct MNov Dec  Ann

Efficiency Inputs...

Flat... | Expart... |

daily high
mesn
daily low
min

Data gource: @ Enter daily profile(s) ¢ Import ime series data file

16,000
I 12,800
3.

| 6.
s 1 3,

600
400
200

Help | Cancel | k. I
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Case 2 - Inputs

Location

Latitude 37 53 ' % Noth  South  Time 2one

Longiude | 127 = 40 East O West

[(GMT+03.00] Japan. North Korea. South Korea |

Data source: ¢ Enter monthly averages © Impart time series data file Get Data Via Intemet

Basslie data
Mot | Cleamess | Dally Racfton . Global Hori: adiation o
Index | (Kwhi/m2/d)
Janway | 280 o e
Febuaw ;. 0622 o §
March 0585 4450 Fef H U 3
Apiil 0555 5420 < 8| A o LR
52 u Ul [
May 0508 sen g M 1 H
June 0429 [ELI . 0a §
July 0348 3.930 g 1M (11 [ IRE =
August 0405 4140 E, N L[ L L 0.2
Sepember| 0475 4040
Detober 053 3480 L= = NG Sa O T
NozeNoe) 0559 2730 Daily Radiation == Cleamess Index
December| D608 2530
Average 043 3384 Flot Evport
Scaled annual average lkwhimedl | 3298 L) Help Cancel
Baseline data
Month ‘Wind Speed 5 Wind
(m/s) =

January a0 £+ I

Febiuary 4130 33 = | ! |

March EAP I 8 | | I | |

Apii am g i | |

May 3750 E [ 1 b

June 3290 U Fab WA AT May un 01~ AUG Sep Ot Nov Da
July 3270

August 3090  Other parameters Advanced parameters

Seplember 3000 Alitude (m above sea level) 0 Weibulk E

Oetober 310 emometer height (m) S0 Autoconelation factor 085

November 3700

Decarber 3.960 Variation With Height... Divmal patter shength 025

Annual average: 3644

Scaled annual average (m/s) 365 ({3}

Hour of peak windspeed 15

Plot. Export...
Hep | Cencel |[ 0K |

Grid

Rate

Power Price

$/kWh

Rate W_20.04, 0.50, 1.00, 2.00, 3.00

Sellback Rate | Demand Rate

$/kWh $/kW/mo.

CO2 emissions factor: 632 g/kWh
CO emissions factor: 0 g/kWh
UHC emissions factor: 0 g/kWh
PM emissions factor: 0 g/kWh
502 emissions factor: 2.74 g/kWh
NOx emissions factor: 1.34 g/kWh
Interconnection cost: $0

Standby charge: 5 Ofyr
Purchase capacity: 1,000 KW
Sale capacity: 1,000 kKW




Case 2 — Optimal Configuration

Sensitivity Results | Optimization Results |

Double click on a system below for optimization results,

Hate W_g w Py | Lhsl | FC [SdksesH Cony, |Elec, |HE Tank]  Grid Initial Uperating | atal LCOE | Hen, |_apacit
Price ($/kWh) () (kW) W | Tk | Ckgd | Ok Capital | Cast ($/vr) MNPC “3/kwh Frac, |Shorta,,

0.040 Es 1000 1,000 318930 $3ER9096 0040 000 095
0.500 ES 1000 $1.000 3.986.619 $457Z7.204 0500 000 095
1.000 e 1000 $1.000 7973238 $91.453.408 1,000 000 095
2,000 Es 1000 $1.000 15946475 182905, 2000 000 09
3.000 e 1000 1000 Z3MATIE 2 ahE.. 3000 000 095
4,000 Es 1000 $1.000 31892950 §385G10... 4000 000 095

5]
=
=
=
=
=
=

$1.000 39866184 $4R7.263... ROOD 000 095
Sensitivity Results Optimization Results |

Sensitivity variables

Riate W_2 Power Price ($/kwh) [0 I

Dnuble click on & system below for

ﬁ’lﬂdq | I 1. bsl| |‘.>4Kbdﬂ(.onv. Elec.|HZ lankl Grid Initial | Uperating | | otal CUE :I Hen, |_apaci
&= (kW) (kW) (kW) | (kW) | (kg) (kW) Capital | Cost ($/yr) NPT “$/KWh) Frac, |Shorta,, (hrs)
1000 §1.000 318930 $3,659.096 0040 000 095
{' BE 3% 30, 1000 $577.000 366255  $4,800,859 0052 000 0%
ES i 200 30, 100 1000 § 40,001.... 310027 $43.566,988 0476 000 095 i
1 Fon 200 3% 30, 100 1000 §40577..., 359353 $44693752 0483 000 0% O
#ﬁf B 0. 30... 1000 $50,001..., 2,805,364 $82.224.184 0351 064 o7
427 BE 0. 36 30.. 1000 $50577.... 2,858,762 $83,367.000 0355 064 o7
-'-’f: sk 5 1000 ¢ 60.001.... 3.384.223 $93.817.768 0759 034 0.88
1 A 8B 5 3% 30, 1000 $60.577..., 3434060 $99.965.486 0767 034 088
{4 @ B 0. 200 30., 100 1000 $ 80.001.... 2800462 $122122.,. 0521 064 0T 0
#’.f ?BE 10,.. 200 3% 30, 100 1000 $S80577.... 2.849880 $123.264.... 0525 064 oA 0
4 AP¢ B 5 20 30.. 100 1000 $100.001,, 3375320 $133.715.. 1085 034 088 0
1T A&Fon 5 20 3% 30, 100 1000 §100577, 3425165 $139.863.., 1073 034 08 0
EE FY B 10.. 5 0... 1000 $ 110,001, 5646951 $177.0685.. 0657 071 064
19\ aE 0. 5 3% 30, 1000 $ 110577, 5896991 $178.215.,, 0661 071 064
A L 10,.. 5 200 30, 100 1000 4150000, 5838046 $216962.. 0805 0T 0,64
#ﬁf*ps@ 10... 5 200 3% 30, 100 1000 $ 150.576,.. h888088 $21812.. 0803 07 0,64 I]
Annualized Costs
System architecture Capital | Replacement | O&M Fuel | Salvage Total
Component
PV Array 10,000 kW (Syr) ($1yr) ($iyr) | ($hn) | By ($iyr)
Grid 1,000 kW PV 2,179,614 0| 25,000 0 02204614
Inverter 20,000 kW Gnd 0 0| 309,364 0 0 309,364
Rectifier 20,000 kKW Converter 0 0 0 0 0 0
Other a7 0 0 0 0 a7
Cost summary System 2 179,701 0| 334,364 o} 0| 2514085
Total net present cost $ 28,836,126 Electrical
Levelized cost of energy | $ 0.123/kWh c Production | Fraction Emissions
omponent WD
Operating cost $ 334,364/yr PV array 13,073 497 64% Pollutant Emissions (kg/yr)
Grid purchases 7,893,502 36% Carboﬂ diOX\de 4972 5?4
Total 21,867,000 |  100% —
Net Present Costs =2 — ;
Carbon monoxide 0
Capital Replacement O&M Fuel | Salvage Total
Component Unbumed hydocarbons 1]
($) ($) (3) %) %) (3) :
PV 25 000,000 o| 286748| o0 0 | 25.286,745 | | Pariculate mater 0
Grid 0 03548379 | 0 0| 3548379 | | Sulfurdioxide 21,558
Converter 0 0 0 0 0 O | | Nitrogen oxides 10,543
Other 1,000 0 0 0 0 1,000
System 25,001,000 0| 3,835,127 0 0] 28,836,128

22




Case 2 — Sensitivity Analysis
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Case 3 - Solar/Wind Pump

Site Information

Location : Bayannuur, Bulgan,
Mongolia (Lat : 47.83. Long : 104.44)

Population: 1000

Elevation : 850[m]

Wind Speed : 10~12[m/s]

Temperature : -42~30[°C]
Post-analysis of the solar pump installed
in 2010

Bringing up improvement and simulation
of the new design

Approach

e o

= RIS

—
r

oA

W ater Pump
5.9 kKwhid
1.9 kMW peak

Generic Tkw

e
EFM 2000

DC
Other

Supplying power to a submerged
pump from Solar and Wind energy
sources and providing drinking water
to the village folks.

24
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Case 3 — Water Flow

Water Need per day: 1000 Gal
Insolation: Full Sun Hour = 4.04

Q(GPM)=4.2

Static and Dynamic Head:

Elbow = 3[ea] = 6[ft]
Check Valve = 5[ft]
Gat Valve = 1[ft]

Total Head= 340[ft]

10[m]

70[m]

20[m]

25

Label [water Pump

Baseline data

Load type: (™ AC % DC

Case 2 - Inputs

Datasource: & Enter daily profilefs) ' Impat time series datafile (oot Fil=

Month  [Jaruay =

Daily Profile

1.0
Daytype |weekday = o8 .
e — 7
How | Load(kw) | =| Zas £
000 0000 | Fos £
meon] oom o [, 2
0300 0.00 o0
04:00 0.000 0 Jan Feb Mar Apr May Jun Jul Aug Se
0500 0.000
0g:00 0.000 20 Seasonal Profile
07.00 0.000 .
S0e00 o g I I ] dally high
0300 00 S0 mean
10:00 0.000 ity tow
11:00 0.000 o8 min
12.00 1000 v| o0
= Jan  Feb  Mar | Apr  May ~ Jun © Jul  Aug  Sep Ot Nov - Dec | Ann
Flandom varishiity
Dapto-day 15 % Baselne | Scaled EEolEs,
Time-step-o-lime-step 20 % 7:"9’595 E:x;“"d] 0523; 052'3:5
verage .
N s [ 5 0 Peak (k) 187 187 _ Pt | Bt |
caledd annual aversge (whd) Load factor (IR AL Hep | Camd | Ok |
Locatin - Baselne dala
Latnde [ 97 [ ¢ @ Moth O Soth  Tmezons
[7 [IGMT +5860) Clina, Mongoka, Bk, Pesth | o | [2nd Speed Wind Resouree
Longhude [108° [ 53¢ @ Ean © went = [ms) =
e
Dot sousrce:  Entst mordhy avecager ( Import tme seces datafle Gl Data Viaintemet denusey 6% §
Februsy SO0 3,
* b [ ey March 5710 z_
sz Dady Radahon Giohal Horizontal Radiation
el R 1 2 ford 5M0 32
Jarusay 0615 17 g o May 5880 E I
Fatruny BES 2840 i, . June 5450 O e Fat Hae A ey il Aug Bep T O Hov Dac
March 0850 4290 4 Iy 49
Aprd LS 550 = 3 Cther parameters Advanced paamaters
M 0587 s § £ Augut_| 5.
» i
June 055 s g n-i Seplember| 5420 Adude(mabovessalevell| 0 Webulk [ =
Juy 051 910 e o Oclober A.780 . .
Bugust E;; iz X ez | =6 Anermometer height (m] 50 Auocorelstonfacn | 085
ptamber L 1 T "
gum 0E17 07 0 I ho December 6610 Variahion With Height Damal pattem siength [ 0.2
o Fa hiar A My o Ry Ben Ot N D
tomin oo, 1 ey Audaion — Clamman ot Anvslaverage: 5957 Houwol pesk windspeed [ 15
December ness 1.480
Average 056 408 Frt Evpont
Sealed seenal average KWhnd /d) 4| L) Helg Cancel i3 Scaled annual average (m/s) 58 () Plet. Expor,

6




Case 3 -- Optimization

Best Combination:
2.2[kW] PV + 1[kW] Wind Turbine

Sensitivity variables

Global Solar (Kwh/m?d) | 4.09 "i Wind Speed [m/s) IEI.B'E- VI

Double click on a system below for

ok FY | Q1 |BEMZUULE  Initial Operating | otal COE | Hen,
FAD aw Capital |Cost (§/y)|  NPC  |4/kWh} Frac,
Fie 22

5 §15.220 43  $1579 0572 1.00
FLa 24 5 $15520 43 $16,073 0583 1.00
Fle 28 1 4  $1563% a1 $16,161 0586 1.00

27

Case 3 - Sensitivity Analysis

Location
Latitude 47 - 58 ' & Morth ¢ South Time zone
Longitude | 104 < B9 ' % East  West |[GMT+08:DD] China, Maongalia, Bali, Perth ﬂ

Data source: £ Enter monthly averages  © Import time series data file Get Data Via Internet

Bazeline data

WManth Clearness | Daily Radiation 7 Global Horizontal Radiation i
Index [kiw'h/m2/d)
January 0.615 1.770 =8
February 0555 2840 €. 0.8
m 0,650 4,250 E kS

Apil 0.618 5.530 Ta ae =
tay 0.587 6.320 % . §
June 0.553 6.400 8 0.4 ﬁg
duly 0.530 5.910 T2 ®
August 0.547 5.260 E] 5.5
September 0.539 4.400 1
Bctober et o O Jan Feb Mar Apr May Jun  Jul ‘Aug Sep Oct Nov Dec 00
govemze' ggg:; 13% Daily Radistion == Clearness Index

ecemoer . .
Auverage: 0.586 4.098 Plat... Export...
Scaled annual average [Kwhmidd) 403 {3} Help | Cancel | oK

Sensitivity variables

Global Solar (kidh/m?d) |5 *| WwindSpeed [m/z) |58 =

louble click 00 3 SyStem helow for

=T Py [ &1 [eEMAN  nal | Operaing lotal COE | Hien,
*"LF—EH ] Capital | Cost (§/vr) MNPC 3k Wh Frac, . .
¥ = a0 e §6520 s s1153 nem 1m| N consideration of the months
& 15T R P 0| 17 T80 U530 1.0
La 18 1 5§ 14620 42 $15,161 0550 1.00

Between April and September,

= 3[kW] PV is most economical




Case 3 - System Report

System architecture

Emissions
PV Array 2 kW Pollutant Emissi o
Battery 6 Vision 6FM200D, ollutan missions (kg/yr)
Carbon dioxide 0
Cost summary Carbon monoxide 0
Total net present cost $6,162 Unburned hydocarbons 0
Levelized cost of energy | $ 0.298/kWh Particulate matter 0
Operating cost $ 20.24r Sulfur dioxide 0
Nitrogen oxides 0
Net Present Costs
Capital | Replacement | O&M | Fuel | Salvage | Total
Component
%) (%) (8) | (8) (%) (3)
PV 3,000 94 0 0 -52 | 3,041
Vision 6FM200D 2,904 251 0 0 -34 | 3121
System 5,904 344 0 0 -86 | 6,162
D KW
24 PV Qutput 240
1.82
; 18 I II III II 1 1= p II\ I IHI I‘I |I‘I (- 1.44
(=] | | .
| 4'|4¥IIIHI ﬁ'rﬁ* i “, i IIM*I HI'IMHW
|g I | [ I (L0 B Il I Ny nal 0.48
= 0.00
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Jan Feb  Mar  Apr  May Jun Jul

Case 4 - Lightto Yon Hwa

=

oUW

Electrification of Yon Hwa island

Area : 3.41kn

Number of households : 102

Population : 199

Location : Yeon Hwa Peak (212m) Latitude 34.64 N, Longitude 128.35 E
Costal Perimeter : 12.5km

Tourist Facility : 16 (average 5 rooms) Home stay places

Transportation: 1 hour by ferry from Tong Young
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Case 4 - Inputs

[N

@ lewwwubﬁurtt::z\;ﬂnuwm.

day. HOMIR
okt o iy lype. Fos eaoubotons, HOMER uet caled data

Hsﬂ-LatLong

Labal [Prmary Load | Leadnoe & AC DT Dinta sousce
acstrs dacs
Month ey - oo
iy s [Weekday =
Hou | Lodwy (=] B2
0200 0300 TEm
o (3

wom

Latitude and Longitude Finder

Search place name or

Click on map to get lat long coordinates.
Latitude: 34 542565
Longitude: 128 352798

Map Mouse Over Lat & Long

Lat: |34 634267
Long: 128 374472

e 1

bie

 otsiong incer |

e

2 P i i e o o, i o s m_
v speed o esch marih, Fot coleulfon, HOMER uses scoed data baselne dota scaed up o dow o' G EOR tielp
e o = e 2
an sloinent o1 clck
Data source: monthy svesges T lmpet time senes dala e Locaton
e [H ~ o
Baselre data % i
Moo | Wind Speed . -
Iméz| = Dty ieasce’ 17 Ertor wardbly wrmiges | Impod eew oo dalalhe Dol Dl Vi bnduarst
Jarsy ;g o Bansire data
Febary A Diaree:
Mach 6530 i" Mo | inden | pwhieng
Apd 5100 I e o wn oy
Hay Sam | Fbrusy (1] 1780 ;
o L] . s Masch, [T a0 £
du 5170 AN FRR T A ApI My TN il Ay B3 O Mov g — e S0
Juy 5220 [t [T & 740 3
R a3 Other porametess ibeanced pasametas ini L s
September SE20  Abitude (m sbove tes kevel] 1] Wk k F . [T axm i,
— , S— Augad L) 820
Octcber O | ererlos heigh ) S Auconssionilecir | 085 Sophastn 0514 a5 H
L gk DOt Lo ano
December o it 05 e P din WA A My de el A (IR
Pl wsiagi €175 Hour of pask wndspaed [ 15 Decostes| 0611 2080 i rinben, L S o
Ao o wazz P |t
Scaled srrnsd weage Pty [ 370 L) Hebs [ ||
Scaled annual average (m/s] B8 (3 Prt Expot ) b |
oo | e

Case 4 — Configuration and Optimization

DESHE BE &2

Equipment to consider

Add/Remove.
B

Hydrogen tank

Electrolyzer

Fuhrléngel 100

Primary Load 1
2 Mwhd/d
268 kiw' peak.
Genewor 1 f—» l—>
Corwverter EFM200D
AT oc
Resources Other

3 Soler resounce
P8 wind resource
| Dieel ] Emissions

£ Exonomios
A system corival

0 of 576
Sensitivities: 0of &

Simulations:

Calculate

_Status

ﬂ Constraints
Warkings

) eurliense has crpired.
L’ﬂ Check Generator 1 O&M cost.

1] Check Fuel Call 02 cost.
Document

tuthor [hong333

Motes -

4

Sensitivity Results | Optimization Results |

Graph type IOptimaI systemtype ¥

Sensitivity variables

Progress:

is -

Global Solar (kih/m/d) [x-axis | YWind Speed (m/s) |y-axi
Variables to plot

Diesel Price ($/L)|1.7

Superimposed |<none>

Optimal System T

~N b
in o

Wind Speed (mv's)

Pl
o

Right clidt ta ;’PY- save, or medify Global Solar (k‘:’i‘hlm’a‘d)
ﬂ P4 search space may be insufficient.

ﬂ Fuhrldnder 100 search space may be insuficient

/1N Converter sesich space may be insulficient

&) Completed in 28 seconds
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Case 4 — System Output

Monthly Average Electric Production

System architecture 700 .
PV Array 200 kW E:ﬁg e
Wind turbine 15 Fuhrlénder 100 = 400
Generator 1 150 kw § 200
Battery 100 Vision 6FM200D) & 200
Inverter 100 kW 100
Rectifier 100 kW 0 Jan Feb Mar Acr Mav Jun  Jul Aua Sep Oct Nov Dec
Hydrogen Tank 2,000 kg Emissions
Dispatch strategy Cycle Charging Pollutant Emissions (kglyr)
Carbon dioxide 395,568
Cost summary Carbon monoxide 976
Unburned hydocarbons 108
Total net present cost $ 10,843,879 Fartioulate matier -
Levelized cost of energy | $ 1.156/kWh Sulfur dioxide 794
Operating cost $538,167/yr Nitrogen oxides 8,713
Net Present Costs Electrical
Component Capital Replacement O&M Fuel Salvage Total Production | Fraction
($) (%) (%) ($) (8) ($) Component
PV 80,000 6,236 | 127,834 0| -3495 210,575 (kWhiyr)
Fuhrlander 100 225,000 3,755 57,525 0 -699 285,582 PV array 248,699 7%
Generator 1 20,000 2515 | 2,371,314 | 3,264 452 423 | 5,657,858 Wind turbines 3,221,259 89%
Vision 6FM200D | 3,636,300 1,006,874 80,484 0| -47.773 | 4,684,884
Converter 2,000 83 1,278 0 -16 3,346 Generator 1 155,664 4%
Hydrogen Tank 1,000 0 639 0 0 1,639 Total 3,625,622 100%
System 3,064,300 1,019,463 | 2,648,074 | 3,264,452 | -52,406 | 10,843,882

Team Project

We can do better this time
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Analysis and Practice for Renewable
Micro Grid Configuration

- Summary
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Course Contents and Schedule

Day 5:December 27, 2013

Team Project
Hybrid Renewable System Design

Team Presentation
Summary and Conclusions
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Team Design Project

Design a Hybrid Energy System (Grid may be connected)

Site: Work (School or Company or store) —team’s consensus
Mission/Goal: Energy reduction, peak shaving, or zero-energy system
Objective: Eind the optimum system with sensitivity analysis

Components: Grid (optional), Converter, Wind Turbine, PV panel, Fuel
Cells, Electrolyzer, and Hydrogen Tank

Project Lifetime: 20 years
Fixed Cost: $10,000
Load Study — as realistic and true as possible
Load Profile >
You may have to use your own load profile obtained from your work
You need to provide resource data on your work location
Solar Radiation {provide also sensitivity}
Wind Speed {sensitivity}

37

Team Project - Brief

Analysis of a Hybrid Energy System (Grid
may be connected)

Site: Your (School or Company or
resort or ...)

Objective: Find the optimum system with
sensitivity analysis

Components Considered: Grid, Converter,
Wind Turbine, PV panel, Fuel Cells,
Electrolyzer, and Hydrogen Tank

Project Lifetime: 20 years
Fixed Cost: $10,000
Load Profile

Resource data on your work
location

Solar Radiation {provide also
sensitivity}

Wind Speed {sensitivity} ¥




Suggested Component Data — Wind and PV

Wind Turbine
Size: 30 kW
Quantity: 10: [0, 5, 10]
PV Module
Size: 200kwW: [0,100,200,300] kW
Derating Factor: 90%
Electrolyzer
Size: 100kwW: [0, 50, 100] kW
Lifetime: 20 years
Fuel Cell
Size: 200kwW: [0, 100, 200, 300] kW
Hydrogen Tank
Size: 2000 kg: [0, 1000, 2000, 3000]kg
Converter
Size: 200kW: [0, 100, 200, 300]kW
Grid (Optional)
Single rate
Price ($/kwh): $0.15 :
Sellback ($/kwh): $0.15
Demand: $0
Purchase Capacity: 300kW
Sellback Capacity: 200kW

39

Analysis Points and Team Presentation

Analysis Points:
Site Identification - Mission or Goal
Load study - Should match with the site and the goal
Find the Solar Radiation, and give Sensitivity values
Find the Wind Speed, and give sensitivity values
Calculate and Check the Optimization results
Check the Sensitivity Results
Find the optimum results
Find the components/devices locally available (Important)
Prepare Slides for team presentation
Also run the HOMER in the presentation
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Summary

Energy Sources
Smart Grid and Micro Grid
Renewable Sources and Characteristics

Wind Energy Details
Wind Speed
Wind Turbine

Solar Energy Details
Insolation
Power Conversion

Resource Data: SWERA
HOMER
Stand-Alone Renewable System

Grid-Connect Renewable System
41

Summary

Simulation Software — HOMER (Hybrid
Optimization Model for Electric Renewables)

HOMER components

HOMER optimization by NPC

Input Requirements

Optimization Results

Sensitivity Analysis

Example Cases: Stand-Alone and Grid-
Connected HOMER
Team Project —

AT

The Micropower
Optimization Model 42
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Survey

1. My understanding in Micro Grid is:
Very satisfactory ( ); Satisfactory ( ); neutral (); unsatisfactory ( ); very unsatisfactory
0)
2. My learning gain in renewable energy sources and their
characteristics is:
Very satisfactory (); Satisfactory (); neutral (); unsatisfactory (); very
unsatisfactory ()
3. My learning gain in micropower system design is:
Very satisfactory (); Satisfactory (); neutral (); unsatisfactory (); very
unsatisfactory ()
4. My learning gain in HOMER simulation is:
Very satisfactory (); Satisfactory (); neutral (); unsatisfactory ( ); very unsatisfactory

()
5. After the course, my skill in designing a renewable energy system is:

Much improved (); Improved (); | am not sure (); Very little improved (); Not
improved at all ()
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Thank You !

ZFAFSEL| C} kiitos!
q_) O
Ypanke Euxaplotieg o N

N Koszéném .
EThank You "7 0e

Dank Gracias g-
e
15]‘15]‘ Merci s>
Contact

Charles Kim

Electrical and Computer Engineering, Howard University,
Washington, DC 20059, USA

ckim@howard.edu
ckimson@gmail.com
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