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On SWERA
2001: The Solar and Wind Energy

v [ & Solar and Wind Energy Resource Assessment

= -:ﬁ'b?itr_"-f-- o _..
Resource Assessment (SWERA) - L,; <
began with support from the Global -, \ & gls ﬁ
Environment Facility within the United g
Nations Environment Program (UNEP)
with contributions by many national Agency/Company  United Nations Environment
_ /Organization  Programme
agenCIeS' National Renewable Energy
R : Laboratory, German Aerospace
SWERA was initially a country-centric e (0, e [
project focused on the production of N ;ab“’.jf‘tj’q”’t_f‘” ?Lfgt??atbli En:rgv,
. . razil’'s National Insttute 1or >pace
National Solar and Wind Assessments Partner | Research (INPE), State University
supporting renewable energy decision E“HE’SEf{‘j‘f(ggmgrge(g}”ﬁa'UNEP
makers in 13 countries within a gIObal e e
. Database (UNEP/GRID), NASA,
framework that included several bt o e e T (EEE
continental datasets. Sector | Energy
Ethiopia, Kenya, Ghana, Bangladesh, Focus Area io'a“ Wind —
. . . . esource assessiment, Fatnways
China, Nepal, Sri Lanka, Brazil, Cuba, R - i
El Salvador, Guatemala, Hondurans, Resource Type S°ftware/modeling tools, Maps,

. Dataset
and Nicaragua ==

User Interface | Website
Website | http://openei.org/SWERA &7
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SWERA

2005: support from NASA, SWERA began the transition
Into a global decision support system (DSS) with
Integrated tools including prototype small hydropower
assessments to complement the solar and wind
assessments.

NASA global renewable energy assessments and
climate data were integrated into SWERA to provide
global coverage and a more complete portfolio of
Information needed to assess the global renewable
energy potential.

United States National Renewable Energy
Laboratory (NREL) contributed renewable energy
expertise and 27 national data sets.



Data Set

Solar and Wind Energy Resource Assessment (SWERA)

Data Sets About SWERA

SWEOI® Getting Started

Data obtained from the NASA Science Mission Directorate's satellite and
re-analysis research programs

Parameters were validated based on recommendations from partners in the
energy industry

Continued to adapt and tailor updated and new data sets from NASA'’s
satellite observation analysis and modeling program.

The Clouds and Earth’s Radiant Energy System (CERES) computes the
most accurate global surface radiation fluxes using radiance and retrievals
to date. These fluxes include the computation of direct and diffuse fluxes.

Other data: tilt irradiance, direct normal irradiance, global horizontal
irradiance, wind, relative humidity, atmospheric pressure, air temperature,
etc.

For Solar, NASA data exist for 22 years globally.

Other data sets: 40-km data available for much of the world, and 10-km
data for countries and regions.

Analysis Tools



HOMER practice 2: Making a New file from scratch

fiif HOMER - [Projectl * File View Inputs Outputs Window
HOM ER m— ' File | View Inputs Qutputs Window H¢ ) =& & B 74
. | L 00 MNew [:3 Cirl+M Equiprent ta consider
: T = Open.. Ctrl+0
File > New HOMER Close

Click “Add/Remove” o = Cus

=

Click the Add/Remave
buttan to add loads and
companents.

Select: Primary Load, PV, Wind Turbine 1, Converter, and Generatorl

Add/Remove Equipment To Consider o el

Select check boxes to add elements to the schematic. Clear check boxes to remove them. The schematic represents systems that HOMER will simulate.

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

Loads Components
| & v Primary Load 1 5 v P % [v Generator 1
I & [ Primary Load 2 A v Windside 44 &% [ Generator 2
& [ Deferrable Load A [ Wind Turhine 2 &% [ Generator 3
< [ Thermal Load 1 Fo Hydro &% [ Generator 4
& [ Thermal Load 2 [w Converer &% [ Generatorb
& Hydrogen load @ r Electrolyzer &3 [ Generatorb
I [ Hydrogen Tank &% [ Generator 7
I B [ Reformer &% [ Generator
l &% [ Generatord
&% [ Generator10
! Grid
(@ Donotmodel grid
4 (" System is connected to grid
&8 (" Compare stand-alone system to grid extension

Help Cancel | 0K, |

[v Battery 1 |
| Battery 2 '
| Battery 3
| Battery 4
| Battery &
| Battery b
| Battery?
| Battery 8
| Battery 9
[ Battery 10

I R - 5 R R i R R 5 R 5 |




Load Data

= quiprnent ko consider Add/Remove. .

HOMER buttons appear @ |
NOW click the load button
&

Type in the load [kW] every hour period A, [ WA,
AC DC
primary Load inputs E

File Edit Help

Generator 1

HOMER replicates this prafile throughout the year unless you define different load profiles for different months or day types. For calculations, HOMER uses scaled data: baseline data scaled up or down to the

E i ‘J \Chooze a load tupe [ALC 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 electic demand for a zingle hour of the day.
|zzaled annual average value.

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

Lahel |Frimary Load 1 Load type: (EA@F oC Data source: (& Enter daily profile(s) ¢ Importtime series data file mpart

Baseline data

kanth January - 55 Daily Profile "‘:‘,q
Daytype |Weekday - e — | f:‘;
Hour Loadkw] & |Z1s & o
09.00-10:00| 2180 3 s 090
10:00 - 11:00 | 2330 s ER i I 000
11:00 -12:00 2360 0.5 I 4 i I il sl Il i i
12:00 -13:00 2350 'IIF'E'E'I‘i:\lll.":'l .||'|!'|I'J J'r' I’\"H' +|I "Iﬁ I'EI. )
T O {uEs iy I il Lid 0110 N || JIEITH 1 ) I

13:00 - 14:00 2310 4 Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
14:00-15.00| 2310 Hour

| 15:00 - 16:00 2330 s Seasonal Profile

[ 16:00 - 17:00 | 2370 [ [ [ [ [ [ [ [ [ [ [ [ .

| 1700 -12:00| 2280 4l (ER | ] | | Ji | | = | 1l | - daily high
e 1A I e | N | T | | = L 1| T | | mesn

I 19:00 - 20:00| 1.860 = [ [ [ [ | | [ [ | | | | daily low
20:00 - 21:00| 1.810 o) | I | | i | I 3 . : , | L i
21:00- 2200 1,640 7 | | | | | | | | | | | |
200-2300) LT | ol e e 0 S .. 0 O 0
23:00 - 00:00 1330 - 0 | | | | | | | | | | | |

= Jan Feb Mar Apr May Jun Jul Aug Sep Dt Mo Dec Ann

Fandom wariahility

Day-to-day 15 % | Baseline | Scaled |
) . Average [Kwh/d] 434 43.4
Time-step-to-time-step 20 = Average (W) | 181 1a
Peak [kiw/] | 437 4.36 Plat . | Export.. |

Load factar 0414 0414
434 ! |
Scaled annual average (kKivwh/d) {} o ‘ S I =

Efficiency Inputs... |




Load Profile Example

Load Data Example
Small Commercial Load Profile [kW]

0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100
1.31 1.30 1.27 1.27 1.30 1.39 1.54 1.67 1.90 2.18 2.33 2.36

1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
2.35 2.31 2.31 2.33 2.37 2.28 1.98 1.86 1.81 1.64 1.43 1.33

Daily Total [kw]44.60

Stret Light Load Profile [kW]

0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100
3.24 3 24 3.24 3.24 3.24 2.62 1.40 0.18 1.90 0.00 0.00 0.00

1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
0.00 0.00 0.00 0.00 0.00 0.42 0.88 1.28 2.47 3.24 3.24 3.24


Charles
Rectangle

Charles
Rectangle


How about Load Profile for this Mobile Security on Demand?

Mobile security: 2 PV, 4 cameras, Digital recording, battery charger circuits,
battery status of charge monitoring and wireless alerting.
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Import XLM File from SWERA

SWERA
Lat & Longs - Get Homer

From the XLM data screen
CTRL+S (save to a xIm file)

Now with HOMER
File>"Import XLM”
Wind Resources are automatically filled

Solar Resources are automatically filled
Lat N, Long E = marking error
But kWh/m2 is kept the same.

11



Generator Information

= quapmeant E0 Consider Add/Pemove
Now arrow appears N | |
from AC bus to load ol |
= 43 Kwhid

Click “Generator” conr | 4nw ek
ize: E £l
Size: 5.0 kW i

Corrverter

Capital: $2000 AC ]

Replacement: $2000 seneratorinpus
O& M . $O . O 2/h r : f’ Choose a fuel. and enter at least one size, capital cost and operation and maintenance [0&M)] valug in the Costs table. Note that the capital cost includes

installation costs, and that the O&M cost is expressed in dollars per operating hour, Enter a nonzera heat recovery ratio if heat will be recoverad from this generatar
to zerve thermal load. Az it searches for the optimal system, E§MEH will zonsider each generator size in the Sizes to Consider table.

S i Z eS to CO n Si d e r : Hald the pointer over an element or click Help for more information.
0, 2.5kW, 5.0kW
Cost lFueI | Schedule | Emissions |

Mlnimum Ioad Costs Sizes to consider

) . ) 2000 Cost Curve
. Size (kW) | Capital ($] | Replacement [$) | O&M [$/hr) Size (kW) :
Cap aC | ty - 3 O % 5.000 2000 2000 0.020 0.000 ;
' 2500 Fa
5.000 A
5 1,000
8
3| {3 & | —
Properties .

Description |Generator 1 Type & AC : : _ éize{k‘.l‘?l 7
Abbreviation |Label LDk T e
Lifetime (operating hours) 15000 M

Minimum load ratio (%) 3 M

=

Help Cancel |12 Ok




Wind Turbine Information

Click Wind Turbine 1

Quantitty:1

Capital: $30000
Replacement: $25000
O&M: $500/yr

Sizes to consider
(Qty): 0,1, 2, and 3

_'.I&J
anar? oad 1
’““.,] 43 kwWh/d
B 4.4 kW peak

Generator 1

4

Converter

AC DC
Wind Turbine Inputs

Windside 44

File Edit Help

b

Heold the painter over an element or click Help fior more information.

Tuthinetype  [Windside 44

ﬂ Details...

Chooze a wind turbine type and enter at least ohe quantity and capital cost value in the Casts table. Include the cost of the tawer, contraller, wiring, installation, and labar. Az it
zearches for the optimal system, HOMER considers each quantity in the Sizes to Conzider table.

[New... | Delete

Turhine properties

Abbreviation:  WS-44  (used for column headings)
Rated power. 1.2 kW DC
| Manufacturer:
| Website: wwwewindside. com
Costs
Quantity | Capital (3] | Replacement [$] | D&M [$/9)
] 30000 28000 500
£ | £}
Cther

Lifetime (yrs)

—
- = e
| m

Hub height (m)

|
&)
]

- Power Curve

1.0

Powser [ k1)
=}
o

0 6 12 18 24
Wind Speed (m/s)
Sizes to consider
: 80 Cost Curve
Quantity %
0 B0
1
w40
o
[=]
S.30
z
o 204
10
a |
0.0 0.5 1.0 1.5 20
Quantity

=== Capital === Replacement

Cancel | 0K |

Help




Wind Resources

Resources Other

Cl |Ck W| N d ﬁ Solar resource E conomics

%))
%:‘—_.: "Wind resource E Systemn control
Resources BUtton j Diesel E:'uissiclns

a
Location of your 1) constaies
choice

Wind Resource Inputs

Your small store ——
| . MER uzes wind resource inputs ta calculate the wind turbing power each hour of the year, Enter the average wind speed for each manth. For
ulations, HOMER uses scaled data: baseline data scaled up or down to the scaled annual average value. The advanced parameters allow vou to

contral how HOMER generates the 8760 haurly values from the 12 manthly values in the table.

Your side of street

lights
| Datasource: (8 Entermonthly averages  ( Importtime series datafile
Your (future) Baseline data

Haold the painter over an element or click Help far more information.

1 Month id Speed 1.0 Wind Resource
vacation home s
Januay | 0.000 —osl
| February 0.000 E
F' d L " d d March aoon  goe
I n at I t u e an | April 0.000 c%n_a
tay 0.000 z
. June 0mn Eoz
Longitude 5 o
August | 0.000 oo Jan ' Feb : Mar ! Apr May Jun : Jul : Aug : Sep y Oct ! Nowv z Dec
September| 0.000

Fi n d Wi n d S e e d Dctaber oooo  Other parameters Advanced parameters
Mavermber 0.000 . —— .
p T 0000 Altitude (m above sea level) | 0 Weibull k 2
I,],]/ . SWE RA Anemometer height (m) 10 Autocaorrelation factor 0.85
[ S] u S I n g Yariation With Height... | Diurnal pattern strength 0.26
or WINDFINDER e
K

- Scaled annual average (m/s) 0 M Plat... | Expart... |
Type In the Speed Help | Cancel HZO—I




PV Information

Click “PV”
Size: 2kW
Capital: $7000

Replacement:
$7000
O&M: $0/yr

Sizes to
consider: O,
2kW, 4kwW

o

PV Inputs

File  Edit Help

*

MHate that by default, HOMER sets the zlope value equal to the latitude from the Solar Besource Inputs window,

Hald the painter aver at element or click Help for mare infarmation,

Output current  AC (@ DC
Litetime (vears)
Derating factor (>2)
Slope (degrees)

Azimuth (degrees W of 3)

RRRRR
ekkkk

Ground reflectance (2)

Costs Sizes to consider
Size [Kw] | Capital [$] | Replacement [3] | D&M [$/r) Size (kW]
2.000 7000 7000 0 0.0a0
2.000 =
4.000 g
o
B
| {3 &
Froperties

Advanced

MR

=1

Enter at least nr&}’ize and capital cozt value in the Costs table, Include all costs azzociated with the P [photovoltaic] spstem, including modules, mounting
hardware, and inztallation. Az it zearches for the optimal systen, HOMER conziders each P array capacity in the Sizes to Consider table.

Cost Curve

(=T TR -}

1 2 3
Size [kWV)
== Capital] == Replacement

Tracking swstem |Mo Tracking

[ Consider effect of tempearature

Help

E2

BRE

| Bl

K

Cancel
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Solar Resources Information

| |
5]
Other

@ E cohomics

Q Syztem control
EA E mizzions
@ Conztraints

Type In the solar radiation data
obtained from SWERA

ré-c;i;Resou Inputs
| File Edit Help

HOMER uzes the zolar rezource inputs to calculate the P aray poweer for each hour of the wear. Enter the latitude, and either an average daily radiation value or an
@ average clearness index far EE month. HOMER uzes the latitude value ta calculate the average daily radiation from the clearness index and vice-verza.

Hald the painter aver an elemert or click Help far mare infarmation.

Location
Latitude | " (@ MNarh (T South Time zone
At _EI ’— ® East  ‘Waot |(GMT) lceland, UK, Ireland, West Africa ﬂ
| |
| Datasource: (& Entermonthly averages (" Importtime series datafile Get Data Via Internet

Baseline data

Clearness D aily R adiation = Global Horizontal Radiation
Marith 3 1.0
Index [Kwfhdmaidd) -
January | 0.280 2820 ]
February 0,355 3690 Bt T : : 1 | — | | | | | g
March 0.427 4.490 z —
| Al 0524 5.400 £l e x
May 0577 5.570 g ] 08 E
| June | 0536 4.930 5a 2
July 0442 4170 B E
August 0423 4190 ) 0.4 i
September| 0382 3.550 %"'
October 0343 3550 X i
| Maowember 0273 2760 11 ;
December 0.257 2550
o Jan Feb y Mar ' Apr May ! Jun ' Jul Aug : Sep ! Oct Mov ! Dec 15
Daily Radiation === Clearness Index
Average: 0.40 4011 Plat J Export.. ‘

Scaled annual avarage (kKiwhim?d) | 40 1o Help | Cancel | 0K |

16



Converter Information
Equipment ta consider Add/Remave. . |

Converter (DC-> AC)

Size: 1kW oam @

. 43 Kw'h/d

Capltal $800 Generator 1 H4icupesk
O&M $O D:urter Winjﬁé%
Sizes to consider: 0, 1, 2 kW N Lo it

Converter Inputs

File Edit Help

A converter iz required for gpstems in which DC components serve an AC load or vice-versa, & converter can be an inverter (D2 to AC), rectifier [AC ta DC), or
both.

Enter at least one size and capital cost walue in the Costs table. Include all costs aszociated with the converter, such az hardware and labor. Az it searches for
the optimal system, HOMER considers each converter capacity in the Sizes to Consider table. Note that all references to converter size or capacity refer to
Inverter capacity.

Haold the pointer over an element or click Help for more infn:[%ation.

| Costs Sizes to consider
: : ] 1,200 Cost Curve
Size (K] | Capital [$) | Replacement [$) | D&k (£ Size (ki) -
1.000 200 800 0 0.000 —
1.000 &
&
§ 800
8
| {3 I | o
3 a
Imverter inputs 0.0 0.5 10 15 20
Size (k)

Lifetime (years) = Capital == Replacement

Efficiency (%)

Jd
e

[v Inverer can operate simultaneously with an AC generator

Rectifier inputs

Capacity relative to inverter (%)

S
=
=

I
ek

Efficiency (%)

Help Cancel | Ok, | 17




Diesel Resources Information

Resources Other

Fuel Price; $0.8/L

Sensitivity Price: $0.8, 1.6, 2.4/L

Sl aticme:

144 ~f 144

-
19 Solar resource
%.-:—‘- Wind resource

;‘J Diesel
| T i \

-~

Diesel Inputs

:'e

é

Edit Help

Enter the fuel price. The fuel properties can only be changed when creating a new fuel [click Mew in

the Generatar [nputz or Baoiler [nputs window].

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

Frice ($/L)

[ Limit consumptionto (L)

Fuel properties

Lawer heating walue:

Density:
Carbon content:
Sulfur content:

Help

i
=

500

43.2
820

0.33

% WP
katma

L=)

o
an &

Cancy

ﬂ Economics
gl System control
ﬂ Emissions
@l Constraints

-

Sensitivity Values

YYariable: Diesel Price

nits: 5L
Link with: | none> =]
“alues: 1 0,800 - Clear

2 1.600 :‘

3 2.400

4

]

G

7

a

9

10

11

12 ﬂ

Help | Cancel |

8]4
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Simulation

Optimization Result

Sensitivity Results Optimization Results l

Sensitivity variables

Diesel Price ($/L) |2.4 -

Double click on a system below for simulation results.

(" Categoriz (& Ov

. PV |WS-_|Label|Conv. Initial COperating Total COE Ren. Diesel Label
nd e (e (kW) (KW | (W) Capital Cost ($/yr) MNPC (H/KVVh) Frac. (L) (hrs)
e
¢5 5.0 $ 2,000 19,788 $254.962 1.259 0.00 7711 8.759
= b 2 50 2 $ 12,200 19.056 $255.798 1.263 013 7339 8.754
= CB 4 50 2 $ 19,200 18,596 $ 256,925 1.269 024 7123 8,658
= b 4 50 1 $ 17.600 18,836 $258.390 1276 024 7.235 5743
= o C; 5] 50 2 $ 26.200 18.239 3% 2593565 1281 033 6,952 8517
= Cj 6 50 1 $ 24,600 18,781 $264.687 1.307 032 7181 8.735
Wﬂl C) 2 1 5.0 1 $ 40,600 20107 $257.631 1.470 015 7.310 3.753
JWJ. C; 2 1 50 2 $ 42200 20,116 $299.351 1478 0.15 7.296 8.753
A b 1 50 1 $33.600 20856 & 300205 1.482 0.02 7.653 3.759
W,J- C) 4 1 50 2 $ 49,200 19.673 % 300.683 1.485 0.26 7.086 8.652
JW)- "L_“a 4 1 50 1 $ 47,600 19,927 $302.339 1.493 0.25 7204 8,742
A C) 1 50 2 $ 35.200 20898 $302.348 1493 0.02 7.653 3.759
‘Wﬂl C; 6 1 50 2 $ 56.200 19333 $303.343 1.498 0.34 6923 8.514
‘Wﬂl o ) 1 50 1 $ 54,600 19,885 $308.802 1.525 0.33 7156 8.735
System Architecture: 2 KW PY 1 kMW Rectifier Tatal NFC: § 253,996
B kMW Generator 1 Levelized COE: $1.254/\Wh
1 kMW Iverter Operating Cost: § 19,0404
Cost Summary | Cash Flow Electrical IPV ] Label ] Converter | Emissions | Hourly Data
Froduction ik 4 Conzumption kiwfhfur 4 Quantity kwhidyr k4
P array 231 13 AL primary load 15841 100 Excess electiciy 1.737 973
Generatar 1 15,336 &7 Tatal 15841 100 Unmet electric load 0.0000340 0o
Total 17,737 100 Capacity shartage 0.0 0.oo
Quantity Walue
Renewable fraction 0132
o5 Monthly Average Electric Production
- PV
- Generator 1
20
g15
E
210
0.5
0.0 Jan Feb Mar Apr May Jul Aug Sep Oct Nov Dec 19
XML Feport HTML Feport Help | Close




Sensitivity Analysis

(@ Tabul:{" Graohi
Export. | Detalls...

Nnuhla elick A a evetam halms far nntimizatinn razolte

Diesel ! P PV |WS-.|LabelConv| Initial | Operating| Total | COE |Ren.| Diesel |Label
(/L) (kW) (kW) (kW)| Capital | Cost(Sfyr)] NPC  |$/kW.IFrac| (L) | (hrs)
0.800 3 bl $2.000 7451 §97252 0480 000 7711 &7.
1600 %) hi $2000 13620 $176107 0670 000 7711 &7.
2400 oE 2 50 1 $10600 15040 $2535% 1254 013 7350 &7.

Graph type |Spider graph j

Sensitivity variables

Diesel Price ($/L) [HEIR_~ |

Wariables to plot

Primary |F-“'u" Array Capacity ﬂ

2.0

Spider Graph

(~ Tabul:@ Graphi|

—
£n

PY Array Capacity (K\)
n &

0.0

1.0 15 2.0

Right click to copy, save, or modify

Value Relative to Best Estimate

3.0

Mew Window. . ||

= Diesel Price

Best Estimate
Die=sel Price = S0.8/L

20




HOMER — Example Equipment Cost

Component Size Capital Replacement O&M Cost (§) | Lifetime
Cost ($) Cost
PV Panels 0.05-50 $7,500/kW [ §7,500/kW 0.00 20 years
KW
Trojan T-105 225 Ah /6 $75/battery | $75/battery $2.00/year 845 kWh
Batteries volt (bank of throughput
size: 1-54 per battery
batteries)
Converter 0.1-40kW | $1,000/kW | $1,000/kW $100/year 15 years
Generator 4.25 kW $2,550 $2,550 $0.15/hour 5000 hours
Component Size Capital Replacement | O&M Cost Lifetime
Cost($) Cost (3)
PV Panels 0.05-04kW §7.500/kW $7,500kW 0.00 20 years
Vision6 FM200D | 200 Ah/ 12 volt ( bank size: 1- | $175/battery | S175/battery | $2.00/year | 917 kWh of throughput
Battery § batteries) per battery
FDseries Wind 0.4kWDC §2,500kW $2,500kW $10/year 15 years
Turbine
Converter 0.1-15kW $200kW $200kW 20/year 15 years

21



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

22



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.

24



HOMER: Grid-Connected Micro-Power system

Place: A commercial/retalil in
Seoul/Cheonan/Byungchon

This project investigates the options
for providing electricity to the
commercial/small store using wind,
solar, or diesel power.

It also analyzes the impact of
different assumptions about the
wind resource, fuel price, and
required system reliability.

Solar Resources: Actual data via
Internet

Wind Resources: Wind speed data
Load: 35kWh/d and 4.5 kW peak

Lead (kW)

—
o

—a —
(=] Lo} [ ]

Daily Profile

o [=1]
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Components and Constraints

Components:
PV: Default performance: 1kW [0, 2, 4 kW]
Wind Turbine: 3kW [Qty 0 1 2 3]

Diesel Generator: 5 kW is considered (peak load is 4.5 kW)
Fuel: $0.3/L [0.3, 0.5, 0.7]
Limit Consumption: 5000 L/year

Batteries: Marine Battery [6V, 1167 Ah] [0 10 20 30]
Inverter: 10kW size. (cost: $1250/kW) [0, 2, 4, 6, 8 kW]

Grid: Single rate at $0.15/kWh; Sellback at $0.15/kWh; Demand
Charge at $5.0/kW/month

Economics:
Real interest rate: 8%
Project lifetime: 25 years
System fixed capital cost: $6000

It represents balance of system and distribution system costs that cannot be allocated
to a specific component.

Reliability:

Maximum Annual Capacity Shortage: 0% [0.0, 0.1]
27



Start HOMER

Equiprnent ta conzider

New File 4_@
S
Component and Resources O | PinayLoa
. 4.5 W peak.
Load, Diesel Generic 3k
Tt
PV’ Battery Gnd Corrverter
. SECS525P
Wind o LS
“ . . 1 Rezources Other
SyStem IS ConneCted to g”d Su:ular resource E conornics
Load c : Lrce Q’ System contral
oads omponents - | £ Emissons
& v Frimary Load &, |v PV [):3' v Diesel Constraints
& [ Primary Load 2 Ao [ wind Turbine 1 (3 [ Generstor 2
§. [ Deferrable Load A v Generic 3kw 3 [ Generataor 3
@ [ Thermal Load 1 ¥ [ Hydro B [v Surette CS25P
3 [ Thermal Load 2 [v Converer 3 | Battery?
& [ Hydrogen load 8 [ Electrolyzer &= | Battery 3
5 |7 Hydrogen Tank
5 | Refarmer
Grid
(" Do not model grid
F (@ System is connected to grid
F ("~ Compare stand-alone system to grid extension
28




Solar Resources

Latitude, Longitude, Time Zone, Get Data of your location

Solar Resource Inputs Sosen.

File Edit Help

HOMER uzes the zolar rezource inputs bo calculate the PY array poweer far each hour of the year. Enter the latitude, and either an average daily radiation walue or an
@ average cleameszs index for each month. HOMER uzesz the latitude value to calculate the average daily radiation from the clearnezsz index and vice-verza.

Haold the painter over an element ar click Help for more infarmation,

Lacation K
Latiude | EH - | 0 @ Moth ¢ South Time zone /

GrAT+09:00) Japan, Morh Korea, South Korea, -
Longitude | 127 - D @ East  ‘West ||: Jidap 2 J
Data source: (8 Enter monthly averages Importtime series data file Get Data Via Internet | -‘-_
Baseline data
Clearness D aily R adiation = Global Horizontal Radiation
kanth & 1.0
Index [k'h/m2/d] i —
January 0.477 2264 _ _ _
February 0.457 2.851 kg ' - - - - ' - - - - - Fee
tarch 0.457 3966 =z -
il 0.533 5.243 = _ x
by 0.522 5.777 g - e B
June 0.431 5681 513 b Ll @
July 0.455 5135 = =TT 2
(]
August 0.503 5161 e _ 0.4 =
September 0516 4. 436 %‘"
October 0.530 3524 X -
Movember na1z 2682 14 =
December 0.475 2056
o + + — —= . - . 0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec
Daily Rediation = Clearness Index
Avarage: 0.499 4.062 Elat | Export.. |

Scaled annual average (kvhim2id) | 406 11 Help | Cancel | (8114 |
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Wind Resources

Type in Wind Speed Data

Wind Resource In puts

File Edit Help . k oy k-l N
flv)=- (—) exp|— (—)
. HOMER uses wind rezource inputs to calculate the wind turbine power each hour of the pear. Enter the average wind speed for S
= calculations, HOMER uszez zcaled data: baseline data scaled up or down to the scaled annual average walue. The advanced p
- control how HOMER generates the 87E0 hourly values from the 12 monthly walues in the table.
Hold the pointer over an element or click Help for more informeati
| W File View Inputs Outputs Window Help
| Data source: (@ Enter monthly averages " lmporttime series data file |
Easeline data
tanth wind Speed - Wind Resource
[rn=) = [ — e
| Janary 4,700 el | | |
o
[ February 4.300 E
kA arzh 4. 700 2371 T : ]
April 4.100 a2
b sy 3.600 -
June 3.400 = 4] ! ! |
dualy 2.400
| Avgust | 3.800 o Jan ! Feb ’ Mar pr hiay : Crot Mo g Dec
| September 2.500
| Octaber 3.2300 Other parameters Advanced parameters
3700 . : 4
| EEZZEE:: 4200 Altitude (m abowve sea lewel) | 0 Weibull k | 2
——
Anemometar height (m) 10 Autocorrelation factor | 0.85
“ariation With Height. | Diurnal pattern strengtl . ).25
Annual average: 3937 Hour of peak wind !
Scaled annual average (m/s) 3 I3 Elat.. | Export.. |
Help | Cancel | | ] I

The diurnal pattern strength simply indicates how < wind speed depends on the time of day. If the wind speed tends to
peak at the same time as the load, then a strong dally pattern would be a good thing. it would mean the wind blows when you need
the power. If the wind speed peak was out of sync with the load peak, then a strong daily pattern would be a negative. 30




Diesel Resources

$0.5/L
Sensitivity: [$0.3, 0.5, 0.7]/L

Diesel Inputs

= 1T

Heip

the Generator Inputs or Boiler Inputs window).

Price ($/L) 03| [

0

v Limitconsumptionto (L) 5000

Fuel properties

Lower heating walue:
Density:

Carbon content:
sulfur content;

Help

43.2 MJjkg
820 kg/m3

88 %
0.33 %

i E nter the fuel price. The fuel properties can only be changed when creating a new fuel [click New in

Hold the pointer over an element name or click Help far mare infarmatian.

Candy

Sensitivity Values

Yarigble: Diesel Price

T %L
Link with: |<nane> |
Values: | 4 | 0300  «|  Clear
B 0,500 ]
3 0700
4 1
5
B
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Component: Load Input

Type in hourly load [kW]
[0000 —1200): 2,2,2,2,2,7,7,2,2,4,4, 7 KW

[1300 - 0000]: 7, 7, 8, 8, 8,12, 12, 12, 12, 12, 8, 8 KW

File Edit Help
E‘ ':I Chooze a |DE!E| type [.-'l:-.I: ar DE], enter 24 hourly walues in the IDau:! tal:uln_a, and enter a Sc_:aled anr_'uual average. Each o
& HOMER replicates thiz profile throughout the vear unlezz pou define different load profiles for different months or day
lzzaled annual average value.
Hold the pointer over an element or click Help for more information.
Label |F>rirnar'_~,.-' Load Load type: @ AC 0 DC Data source: e End
Baseline data
kAonth |._Ianuar'_-,.f LJ i Daily Profile
Daw type |Weekda}; ﬂ 124 ‘.‘-
. —. 10 { =
Howr Load [k =2 o] &
| 00:00 - 01:00 20008 E <) ?
01:00 - 02:00| 2,000 | 2
02:00 - 0300 | 2000
02:00 - 04:00 2.000 =
04:00 - 05:00 | 2,000 =2,
05:00 - 0&:00 | 7.0on
0E:00 - O7:00 | F.aao Beasc
07:00 - 0300 | 2.000 | | | T
08:00 - 09:00 2.000 | | | [ | |
| 18 ]— | - | | | | |
09:00 - 10:00 | 4,000 s [ [ [ [ [ [
10:00-11:00| 4000) =0 | | | = | |
11:00 - 12:00] 7.aoo0 = | [ | ; | ;
12:00-13:.00] 7.000 | — = | —= — =
12:00-14:00 7.00on0 | [ | | | 5
14:00 - 15:00 | 5000 B | | | | | | 32
s Jan Feb hiar Apr hiay Jun




Component: Diesel Input

8kW generator
Sensitivity: [0, 2, 4] kW

Generator Inputs

o Edit Helr
c C cig)

inztallation coztz, and that the 0%k cost iz exprezsed in dallarz per operating hour. Enter a nonzero heat recoveny ratio if heat will be recovered from thiz generator

al Choose a fuel, and enter at least one size, capital cost and operation and maintenance [0&M] value in the Costs table. Mate that the capital cost includes
Cj} to gerve thermal load. Az it zearches for the optimal system, HOMER will conzider each generatar zize in the Sizes to Consider table.

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

Cost ]Fuel | Schedule | Emissions |

Costs Sizes to consider
Cost Curve
Size [kWw'] | Capital [$] | Replacement [$] | D&M [E/hr) Size [khw]
8.000 ER00 5500 0.200 0.000 &
2000 =5
4.000 2 4
L
% 31
3
Ly [ e 2!
1 4
Froperties 1 | |
e - a 2 4 [ 8
Description |D'ESE| Type @ AC Size (KW}
* DC == Capital = Replacement

Abbreviation |Dsl «

Lifetime (operating hours) 1500 {3
{-]

Ji

Minimum load ratio (%)

Help Cancel ok 33|




Component: Grid Input

Grid Inputs
il

File Edit Help
¢ Click Add to add a[s:%an_l,l ratesr az necezzany. Select a rate and click on the diagram to indicate when each rate applies.

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

Rates ]Emissions] Advanced] Forecasting Rate Properties

(@ Scheduled rates

(— Realtime prices

Enter a name for this rate periu:u:l, and the conesponding power pri'c:e, zellback rate, and
|demand rate.

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

Step 1: Define and select a rate ERate 1

Rate Price | Selllback Demand Label JRate1 Color - I Al week
[(S/kWh ($kWh) | ($/kWW/mo) _ _ W M W achdays
Rate 1 0.150 0.150 5.000 e EEL HGE (R end] 15 41 |

Sellback rate ($/Kivh) ’W 1.}
Demand rate (3/kv/manth) =] (B[ s

Add J J Edit . This rate applies:
Months Diayys Hours
Allweaek  00:00-24:00

Jan-D
Step 2. Selectatime period ThERE

AllWeek Weekdays | Weekends

Step 3: Click on the chartto indicate when the
selected rate applies.

[~ Netmetering .
-

Feb  Mar Apr May Jun Jul Aug Sep Oct MNov Dec

Help Cancel J 0]4 J
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Component: PV Input

1kW, $6900, $6900, $0/yr
[0, 2, 4] KW for sensitivity analysis

PV Inputs
[

e Fdit Haelr
= L Lw | B

Enter at least one zize and capital cost value in the Costs table. Include all cozst: associated with the PV [photovoltaic] system, including modules, mounting
hardware, and inztallation. Az it searches for the optirmal systemn, HOMER conziders each P array capacity in the Sizes to Conzider table.

Mate that by default, HOMER zets the zslope value equal to the latitude from the Solar Besource Inputs window,

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

Costs MM ( / Sizes to consider
( Cost Curve

Size [kM] | Capital [¥] | Beplacement [$] | D&M [E0r) Size [kWw] 25 L
1.000 E900 ES00 0 0.000 25 T T T
2.000 w20
4.000 =
o 15
E 10
3| i | r e
i}
Froperies f 0 1 z 3
Clutput current  AC (e DC — Capital E'ril_E {;:“p:lsn:ﬁment
Lifetime (wears) Z Advanced

Derating factor (%) 3 Tracking swstem  |MNo Tracking ﬂ

| -0.5

=
o
Bl

Help | Cancel | Ik

Azirmuth (degrees W of 5)

444

Bl
B
Slope (degrees) 37 41| [~ Consider effect of temperature
B
Bl

Ground reflectance (22) 2
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Component: Wind Turbine Input

Generic 3kW DC
Quantity [0,1, 2, 3] for sensitivity analysis
Cost: $11000, $7000, $200/yr

Wind Turbine Inputs

File Edit Help

Chooze a wind turbine type and enter at leazt one quantity and capital cost value in the Cozts table. Include the cost of the tower. contraller, wiring. inztallation, and labar. Az it
zearches for the optimal system, HOMER consziders each quantity in the Sizes to Consider table.

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

P

Turbine type |Generic: K1anY - Details... | MNew. . | Delete

Turbine properties

0.0 0.5 1.0 1.5 20
Cruantity
= Capital = Replacement

tn
Lo
@

M

Abbreviation:  G3 (used for column headings) 3.0 Power_c"'n'e
Rated power. 3 kW DC 25
tanufacturer: o
“WWabsite: § -
= 15
2
[}
&1
0.5
0.0
0 12 18 24
Wind Speed (mis)
Costs Sizes to consider e
Quantity | Capital (3] | Replacement ($] | D&M [/ ‘/ Quantity H
1 11000 Fooo 200 k/ 0 25
2 20000 12000 75 1
& 20
2 (=]
3 S 15
B
| {1 i 1 8 10]
Cther 5
Lifetime [yrs) 0

Huk height (m) 19.9526

Help Cancel 8]
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Component: Battery Input

Rolls/Surrette 1156 Ah 6V
Cost per unit: $1200, $1100, $50/yr
Quantity [0, 10, 20, 30] for Sensitivity
1 per string

e Chooze a battery type and enter at least one quantity and capital cost walue in the Costs table. Include all costz associated with the battery bank., zuch as mounting
hardware, installation, and labor, &g it searches for the optimal zystern, HOMER consziders each quantity in the Sizes to Conszider table.

Huold the pointer ower an element or click Help for more information.

Battery type |SurretteECS:25P ﬂ Detalls... | Mlew... Delete
Battery properties
kManufacturer:  Rolls/Surrette Maominal woltage: BN
Wiehsite: vy roll shattens corm Maominal capacity: 1.156 Ah (B.94 kv'h)
Lifetime throughput: 9,645 kMvvh
Costs Sizes to consider
] ] ) a0 Cost Curve
Quantity | Capital [$] | Replacement [$] | D&M [$40r) Eatteries
1 1200 1100 50.00 0 /
20 4
10 Frg
20 2
o 20
20 T
3| i} | o | 8 1o
0

Advanced ‘—_’/'" 0 5 10 15 20 25 =20
li.l I:E Y. bus]l CQuantity

Batteries per string = Capital == Replacement

[ Minimum battery life (wr) 4

Help Cancel 0], | 37




Component: Converter Input

10kW

Cost: $12500, $12500, $100/yr

[0, 2, 4, 6, 8KW] for sensitivity analysis
Inversion Efficiency 90%

Rectification Efficiency 85%

Converter Inputs

e bBdit Help

both.

inerter capacity.

Hald the paointer ower an element or click Help for mare information.

Costs Sizes to consider
Size (kK] | Capital [$] | Replacement [(§] | Q&b [$40r] [ Size [khw']

10.000 12600 12600 100 0.000
2.000
4.000

£.000
e I 5.000

.r 1F

Inverter inputs

Lifetimme fwears)

/

[v Inwerer can operate simultaneoushy with an AC genaeratar

s
1

Efficiency (28]

Fectifier inputs

Capacity relative to inverter (23] 1an

IP
1

Efficiency (4)

Cost Curve

A converter iz required for spstems in which DC components zerve an AL load or vice-verza. & converter can be an inverter [DC to AC), rectifier [AC to DC). or

Enter at least one gize and capital cost walue in the Costs table. Include all costs azsociated with the conwverter, such as hardware and labor. Az it searches for
the optimal system. HOMER considers each conwerter capacity in the Sizes to Conzsider table. Hote that all references to conwverter size or capacity refer to

14
124
=104
2 s8¢
en
a
g
L=
21
o
i 2 4 g 10
Size (KWW}
= Capital = Replacement
Help Cancel Ok
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Other: Economics

Real annual interest: 8%
Project Lifetime: 25 years
System fixed cost: $6000

It represents balance of system and distribution system costs that cannot be

allocated to a specific component.

Economic Inputs ——
File Edit Help
©  HOMER applies the econamic inputs to each system it simulates to calculate the system's net
#’ -~ |prezent cost,

Annual real interest rate ()

| Froject lifetime (years)
System fixed capital cost ()
=ystem fixed O&M cost ($iv)

Capacity shortage penalty ($/kWh)

Help

Haold the pointer over an element name ar click Help for more infarmation.

| [
25 L}
G000 T
e
O LT |
Cancel

&
V4
Vg

K,
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Other: System Control

Simulation Time Step: 1 hr (60 min)

Dispatch Strategies:
load following

cycle charging
Charge state set point: 80%

System Control Inputs
I
ile Edit —el:’&

The system control inputs define how HOMER models the operation of the battery bank and generatorz. The digpatch strategy
- determines how the system charges the battery banl.

Hald the pointer aver an element name or chck Help far more infarmation.

Simulation

Simulation time step (minutes) B0 L1

Dispatch strategy

v Load following "’/
[v Cycle charging /
v Apply setpoint state of charge (24) a0 o1 /

Generatar contral
[v Allow systems with multiple generatars
[v Allow multiple generators to operate simultaneously

lv Allow systems with generator capacity less than peak load
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Other: Constraints Input

Max annual capacity storage: 0% [0.0, 0.1] for

sensitivity analysis

Operating Reserve: 10% of hourly load

-

Constraints

rlie Edit Relp

margin for each hour bazed on the operating reserve inputs.

Hold the pointer over an element name or click Help for mare information. /
| '&

baximum annual capacity shorttage (32) 0 {2

| o [52

Minimum renewable fraction (2)

S

Annual peak load (3]

i

Operating reserve
As percent of load

Hourly load (4

-

As percent of renewable output

.
(o]

Solar power output (22)

ek

1

Wind power autput (32)

Congtraints are conditions that systerns must meet to be feasible. Infeasible spstems do niot appear in the sensitivity and optimization resultz. Operating
reserve provides a margin to account far intra-hour deviation from the hourly average of the load or renewable power output. HOMER calculates this

abulz(e Grz

-

Sensitivity Values

“ariable: Maximum Annual Capacity Shortage

I_Inits: %
Link with: |<nane> _l
“alues: 1 nao ﬂ ﬂl
2 01
2 _
4
5
[
7
g
9
n
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Simulation

Calculate: Optimization Result
Categorized

Sensitivity Results Optimization Results \

Sensitivity variables

\Wind Speed (m/s) |3 * | Diesel Price ($/L) |03 * | Max Annual Capacity Shorage (%) |0 hd

Double click on a system below for simulation results. (@ Categoriz — Overal Export. | Detalils... |
s PV | G3 | Dsl |[SBCS52. |Conv|Disp| Grid Initial Operating Total COE | Ren.|>apacit| Diesel Dsl
:f:*‘*‘tﬁ@ (KW) (KW) (kW) | Strgy| (KW) Capital | Cost($/yr) MPC BkW..| Frac.|Shorta.. (L) (hrs)
|j:j:]@§t§]j§ij] 2 0 2 CC 1 $22125 3152  $55776 0409 000 000 2904 4400
w1 2 10 2 CC 1 $ 35,925 2670 $644258 0472 022 000 2,031 3077
jf: ,kr:BEﬂ. 1 2 10 2 CC 1 $33.125 3401 $69434 0509 006 000 2646 4,009
e F Yl 2 1 2 10 2 CC 1 $46.925 2927 $78175 0573 028 000 1,796 2721

Overall

Sensitivity Results  Optimization Resulis l

Sensitivity variables

Wind Speed (m/s) |3 ¥ | DieselPrice (3/L)|0.3 | bax Annual Capacity Shortage (%) [0 hd

Double click on a system below for simulation results. (" Categori: (& Owveral Export. | Details
by PV | G3 | Dsl |S6CS2. |Conv.|Disp.| Grid Initial Operating Total COE | Ren.|Capacity| Diesel Dsl
1%L (kW) (kW) (kW) | Strgy| (KW) Capital | Cost($fyr) MNPC B/kW. |Frac.|Shortage| (L) (hrs)
w2 0 2. CC 1822125 3152 $55776 0409 000 0.00 2504 _ 4.400]
fcy = ]| 2 1 % 24625 3 204 & 58 G624 D 431 I} 0o I} 0o 2921 4 426
1 CB i 2 2 'II} 2 CC 1 $35925 2670 $64428 0472 022 000 203 3.077
4 [’_*3 &= E 2 10 6 CC 1 $27125 3613 $65693 0482 000 0.00 4660 7.061
1 CB i 2 4 10 2 LF 1 $37.550 2917 $68.686 0504 016 0.00 4883 3.699
e (fB i 4 2 10 8 CC 1 $29.625 3.693 $65.0453 0506 0.00 0.00 4929 7463
1k th i 4 1 2 10 2 CC 1 $33.125 3401 $69434 0509 006 0.00 2646 4,009
1F AR 2 2 10 4 CC 1 $38.425 3.107 $71592 0525 017 0.00 3708 5618
1 e 2 4 10 4 LF 1 $ 40,050 3.002 $72101 0529 016 0.00 4723 3.578
A hramE 1 2 10 4 CC 1 % 35625 3.450 72454 0531 006 000 2660 4031
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Result: Electrical & Cash Flow

Simulation Results

Swstarn Architecture:

1 kMY Grid
2 ki Diesel
10 Surrette BCS2EF

Cost Summary | Cash Flow Electrical |Ds|

2 ki Inwverter
2 ki Rectifier
Cyecle Charging

| Baﬂery] Converter | Grid | Emissians | Hourly Data |

Total NPC: $56.776
Levelized COE: § 0.409/Mh
Cperating Cost: § 31520

Froduction kil by z Conzurnption ke % Cluantity ke E4
Diesel 8800 EBE AC primary load 12775 100 Eucess electricity 0.0000127 0.00
Grid purchazes 4510 34 Grid zales 14 0 Unmet electric load 0.00 0.00
Tatal 13310 100 Tatal 12,789 100 Capacity shortage 0.00 0.00
a0 Monthly Average Electric Production
2 e M
Grid
1.5 1 ] ] |
g
x
e 1 1 ! 1
g
fd
05 ] | | |
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
25 000 Cash Flow Summary
20,000 1
&
% 15,000
L]
1=
-
g
a 10,000
£
=
5,000
0- - -
Grid Surrette 8CS25P Converter Cther
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Sensitivity Analysis

Wind Speed (x) vs. Diesel Price with 0% capacity shortage

Sensitivity Results \ Optimization Results ]

Graphtype |Gptimal systemtypeﬂ (" Tabul:fe Graphi
Sensitivity variables

Wind Speed (mfs) x-aas ¥ | Diesel Price ($/L) |y-2as ¥ | Max Annual Capacity Shortage (%){00
Variables to plot

Superimposed |~innne> ﬂ New Window...

Optimal System Type System Types

| i crions
BB crid/msiBatiery
[ Grid/PvisiBatiery

I GridwindiDs|
[ Gridwind/Ds/Battery
[ Gridwind/PyiDsi

0.7

=
=

Fixed
Max. Annual Capacity Shortage = 0 %

Diesel Price ($/1.)
tn

=
e

0.3 y
3.0 35 4.0 45 2.0 2.3 6.0
Right click to copy, save, or modify Wind Speed (m/s)
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Sensitivity Analysis

Diesel Price(x) vs. Wind Speed (y) with 0.05% capacity shortage

Sensitivity Results l Optimization Results l

Graph type |Optimalsystemwpej (" Tabul:(e Graphi
Sensitivity variables

Wind Speed (m/s) [y-axis ¥ | Diesel Price ($/L) [x-axis ¥ | Max Annual Capacity Shotage (%) 005

Variables to plot
Superimposed ‘ﬁnnne‘s ﬂ New Window...

81 Optimal System Type System Types
i Grids!
B GridDsiBattery
5.5
[ GridiPviDsiBattery
[ Gridwind/s|
g = [ cridwindiosiBattery
E [ Grid/ind/Pv/Ds|
@45
& Fixed
E Max. Annual Capacity Shortage = 0.05 %
40

3.5

3.0 "
0.3 0.4 0.5 0.6 07
Right click to copy, save, or modify Diesel Price (5IL) 45



Capacity Shortage
. Uplmal SYSEEm 1YDe — :

.Gﬂch'ﬁsl"ﬁatten.f

-GridJWFDsh'Bnﬂer:-'

=
o

-ernmsl

| [l GridvinaDsiBattery

# —

: [ GridMind/PV/Ds!

T05

% Fixed

_g Max. Annual Capacity Shortage = 0 %
[=]

30 35 : 45
Right click to copy, save. or modify Wind Speed (m/s)

timal System Type

System Types
[l Griaosi
[l criosiBattery
[l GriaPviDsiBattery

6.0 0

5.5

[ Grianinams|
[ GrievinamsiBattery
[ cridwindPvms|

wn
=

Fixed
Max. Annual Capacity Shortage = 0.05 %

Wind Speed {(m/s)
o=
o

e
=

35

7 [ | R SIS SIS SG ST T LTSS £
0.3 04 05 08 0.7 46

Right click to copy, save, or modify Diesel Price ($/L)



Surface Plot View

PV Array Capacity

Sensitivity Results ] Optimization Res

ultsl
Graphtype |Surface plot j/ (" Tabul:(e Graphi

Sensitivity variables

Wind Speed (m/s) [y-axis ¥ | Diesel Price ($/L) [x-axis ¥ | Max. Annual Capacity Shortage (%) (005«
Variables to plot e
Primary |F”.;"ﬁ'~rra'5,r Capacity ¥ | Superimposed ‘c:ncme:h ﬂ New Window...

5.0 PV Array Capaci Legend
’ [4.12! )
36
gL T2
—r22
5.0 =24
E =20
=
845 716
o 1.2
2
= 0.8
= 40
0.4
0.0
a5
Fixed
WMax. Annual Capacity Shortage = 0.05 %
30
0.3 0.4 0.5 06 07

Right click to copy, save, or medify Diesel Price ($/L)
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Surface Plot View

Wind Power

Sensitivity Results \ Optimization Results \

Graph type ‘Surface plot ﬂ (" Tabul:(e Graphi
Sensitivity variables

Wind Speed (mfs) |y-2ds ¥ | Diesel Price ($/L) [z ¥ | Max Annual Capacity Shortage (%) [005
Variables to plot

Primary | |ﬂ Superimposed ‘<n0ne> ﬂ New Window...

6l Generic 3kW Legend
3
CC 2
' 1
0
5.0
Fixed

Wax. Annual Capacity Shortage = 0.05 %

WAnd Speed {mv's)
E i

e
=1

3.5

3.0
03 0.4 0.5 0.6 0y
Right click to copy, save, or modify Diesel Price ($/L)
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Surface Plot View

Grid Purchase

Sensitivity Results l Optimization Results ]

Graph type ‘Surface plot
Sensitivity variables

Variables to plot

=l

Wind Speed (m/s) |v-axis ¥ | Diesel Price ($/L) x-aas ¥ | Max Annual Capacity Shotage (%) 005«

Primary ‘Grid Purchases

ﬁperimpnsed |ﬁnnne>

(" Tabul:ie Graphi

Mew Window...

. Grid Purchases Legend
’ I:E».EIIJI] kKWh
5,400
g5 T 4,800
4,200
=5.01 mr 3,600
E = 3,000
-
: 1,800
£ 1,200
= 404 o q
600
0
35
Fixed
Max. Annual Capacity Shortage = 0.05 %
30 T = T
0.3 0.4 0.5 0.6 0.7

Right click to copy, save, or medify

Diesel Price (§/L)
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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
Team Project Demonstration/Presentation
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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

Obijective: Find 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 Profile -

You may 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}

HOUR
0000-0100
0100-0200
0200-0300
0300-0400
0400-0500
0500-0600
0600-0700
0700-0800
0800-0900
0900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600
1600-1700
1700-1800
1800-1900
1900-2000
2000-2100
2100-2200
2200-2300
2300-2400
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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
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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

53


Charles
Rectangle


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

Fuel Cell

System High-Cost Case Mid-Range Low-Cost Case
Component Values Case Values Values
Fuel cell system
installed capital 53,000/kW $813%kW $434/kW
cost (52008)
13 yr'/30% of 15 yr/30% of 26 yr'/30% of
ﬁ;acje:‘ecplfcc:sn:ent initial capital initial capital initial capital
4 y cost cost cost

O&M costs $50/KW-yr S27/KW-yr $20/KW-yr*

. 13 yr (20,000- 15 yr (24,000- 26 yr (40,000-
Fuel cell life hour operation) hour operation)  hour operation)
Fuel cell system A47% 5307 £aoy?

efficiency (LHV)

Doe :jzlilﬂ?]_ Chapter 3.4; 20,000 hours for stationary PEM reformate sysiem fuel cells 5-250 kKW has been
demonsirated. The goal for 2011 is, “By 2011, develop a distributed generation PEM fuel cell system operating
on natural gas or LPG that achieves 40% electrical efficiency and 40,000 hours durability at S750KW "
Validated by 2014. Twenty thousand hours {13 years) was used for the high-cost value, and 40,000 hours (26
years) was used for the low-cost value.

“Values are from Lipman et al. (2004).

*Current technology value for stack efficiency is approximately 55% (O'Hayre et al. 2006). Value is mid-way
between the high and low estimates.

“Assumed stack efficiency of 60% (MYPP 2010 target for direct hydrogen fuel cells for transportation) with 2%
conversion losses for integrated system.
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- Hydrogen Fuel System Cost

MNet Present Cost

$400,000,000

$350,000,000

$300,000,000 S

250,000,000 4

200,000,000 S

$150,000,000 - -

$100,000,000

550,000,000

30

O Capital
O Replacement
H O&M

O Electricity

Fixed D&M ]

Total system
Electricity

Electricity
Fuel Cell
Electrolyzer
Fixed O&M .
Total system
Electricity
Fuel Cell
Electrolyzer

o Hydrogen Tank
Hydrogen Tank

High-Cost Ca Mid-Range Case

= ey o
s & = 3
o = £ o

- =]

@ = = 2
T g o X
o 2 w

=

-

I

Low-Cost Case

lotal system




- Nominal $/kWh Comparison

LOW-COST CASE
Electricity price |
Fuel cell capital cost |
Tank storage capital cost
Fixed O&M |
Electrolyzer capital cost |

Electrolyzer efficiency

MID-RANGE CASE |
Electricity price |
Fuel cell capital cost
Tank storage capital cost
Fixed O&M |
Electrolyzer capital cost |

Electrolyzer efficiency

HIGH-COST CASE |
Electricity price |

Fuel cell capital cost |
Tank storage capital cost |
Fixed O&M |

Electrolyzer capital cost |

Electrolyzer efficiency

$0.20
_ =
-|:|
N
o
| -
$0.28
[ —
o
m
[ -
$0.53
——
[ —
[ —
-|:|
B
[
0.14 0.18 0.22 0.26 0.3 0.34 0.38 0.42 0.46 0.5 0.54 0.58

Nominal cost values shown may not line up precisely with x-axis values due to rounding.

Cost of Energy ($/kWh)

0.62
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Fuel Cell Modeling

cosmetocnson ———— e |
Fuel Cell In HOMER modeling: L
Pick a generator T ey
Type: DC ol
Fuel: Stored Hydrogen 1% j:: =

Choogs & fusl, and arter o beast one sme. captal copt and operation and mambemarc: (DM vl i B Cogts babs
Mok thed the capdal cost mchades ncialahon costs, and thal the QM cood it espresied n dolais per opsealing how
Erfler & nonseo hesl recovery rabio f [ wat wall be recoveied liom ths gersisbos lo serve thesmal load. As i seanches [
the optmal pratem, HOMER wall conasdts each gereashon sive i the Soes bo Conssder bables

'I/F-‘\Ill Hided o pucarbess oot o alemmend oo chek Help fos mons :ri'n:-im-au.;.r‘a’—‘\\‘II

Cost | | Fusl | Schedule | Emissiors | Cost | Fusl J| Schedule | Emasions |
Costs Rl cunve /
aoe (] | Capstal [§] | Replacemerd (5] | O3M (/1] Fued :F Stored hydroge 'J Dt pds
SO0 000 Y CRTHOCHCD 1] 0,100 i T

_._._._._,..--"'"" Iriercent coeff . (e ted) 0o [}
[ 0 (]

Slops fo/hek W output]

Priparies Adhvanced
Description. |Fusl Cel Twe O A

AL
o Ty |Labed ‘F#___..- = OC
| I

Heat recovery o (%) | 0 (1]

e wth Farmmn
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Suggested Component Data — Converter

Converter
Size: 200kW: [0, 100, 200, 300]kW
Lifetime: 20 years
Efficiency: 90%
Capital Cost: $1000/kwW
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:

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

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

Also run the HOMER in the presentation

E et fo cordader FTT - p—— [

Grphiyps |Suace piol = shulsr 7 Gragiuc
. 7,
Seriviy varisbles ,
[ 7 L

Giobal Sols Wi/l [ 245 _w] Wind Spmd el [ 1200 x| R 1 Fowes Froca 1500 [1amr x -
Vanables to ok = : = = Mo Lare
Vansiies ot

= — :
Primay [IEFTNTIRTR - | Supenmposed [mane: =

Totil Het Prosont Cost Legend

n 51,500,000 [ "
§ 1,250,000 ‘ I_r'
58 £ 1,000,000 | F g tecdymis *
5 750,000 # ) ™
3 500,000 Fobwlarades 11 P
£ 250,000
53 30
5.250,000
- § -500 000
£
H
£,
a
H

—» 5
Frmay Lead 1
fffff 1,630 Vwihid

o LU
"r T 4 :"‘J 4

indd [

Corrvedied

40
. R o 60
0.1% 020 025 030 e ™
Right ich 1o cogy, kv, or madity ’ - - LS






