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8. Modeling using HOMER —
Part 2

Practice 2 & Grid-Connected Micropower
System
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On SWERA

2001: The Solar and Wind Energy
Resource Assessment (SWERA)

began with support from the Global
Environment Facility within the United
Nations Environment Program
(UNEP) with contributions by many
national agencies.

SWERA was initially a country-centric
project focused on the production of
National Solar and Wind Assessments
supporting renewable energy decision
makers in 13 countries within a global
framework that included several
continental datasets.

Ethiopia, Kenya, Ghana, Bangladesh,
China, Nepal, Sri Lanka, Brazil, Cuba,
El Salvador, Guatemala, Hondurans,
and Nicaragua

]

Agency/Company
/Organization

Partner

Sector

Focus Area

Topics

Resource Type

User Interface
Website

United Nations Environment
Programme

National Renewable Energy
Laboratory, German Aerospace
Center (DLR), Risoe National
Laboratory for Sustainable Energy,
Brazil's National Institute for Space
Research (INPE), State University
of New York (SUNY), Technical
University of Denmark (DTU), UNEP
Global Resource Information
Database (UNEP/GRID), NASA,
Global Environment Facility (GEF)

Energy
Solar, Wind

Resource assessment, Pathways
analysis

Software/modeling tools, Maps,
Dataset

Website
http://openei.org/SWERA &
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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)

SWEOI® Getting Started Data Sets Analysis Tools About SWERA

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.



HOMER practice 2: Making a New file from scratch

HOMER
File > New

HOMER

Click “Add/Remove”

_i HOMER - [Projectl * File View Inputs Qutputs Window

' File | View Inputs Qutputs Window H¢ ) =& & B 74

| (1 New I, Ctrl+M | Equipment to consider Add/Fremaove...
= Open.. b Ctrl+0
Close
Click the Add/Remove
b Save P Se bButton to add loads and
Save As.. components.,

Select: Primary Load, PV, Wind Turbine 1, Converter, and Generator1

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

Loads

& v Primary Load 1
& [ Primary Load 2
& [ Deferrable Load
& [ Thermal Load1
& [ Thermal Load 2
& | Hydrogen load

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

Components -

5, v Py &% [v Generatord A [ Batteny1
A v Windside 44 &% [ Generator? A [ Batteny?
A [ Wind Turhine 2 % [ Generator3 A [ Batteny 3
¥ [ Hydro % [ Generatord A [ Battenyd
v Converer % [ Generatorb A [ Battery’
8 [ Electrolyzer % [ Generatorb B [ Batteryf
[ Hydrogen Tank % [ Generator? A [ Batteny?
B [ Reformer % [ Generator 8 A [ Batteryf

% [ Generatord A [ Battenyd

&% [ Generator10 & [ Battery 10

Grid -

-

(@ Donotmodel grid
(" Bystem is connected to grid

(" Compare stand-slone system to grid extension

Cancel ‘ 0K, |

Help




Load Data
Tquiprent to congider ———————— &dd,ﬁ'ﬂemgveml

HOMER buttons appear Ll |

NOW click the load button =
Type in the load [kW] every hour period Zor.a,

AC DC

| File Edit Help
EEhoose 3 load type (AL 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 iz the average elechic demand for a single hour of the day.
|HOMER: replicates thiz profile throughout the year unless you define different load profiles for different months or day twpes. For calculations, HOMER uses scaled data: baseline data scaled up or down to the
|zzaled annual average value.
Hold the pointer over an element or click Help for more information.
Lahel IPrimary Load 1 Loadtype: @ A@(‘ oC Data source: (@ Enter daily profile(s)  ( Importtime series datafile
Baseline data
Month [January -] o Daily Profile : ] a K
Day type |Weekday v| o 200
) 270
— =
Hour Loadkw) | a|51s) & 180
09:00 - 10:00 2180 § s 0.90
10:00- 11:00 zzg 80 3 0.00
11:00 -12:00 2,360
12:00 -13:00 2.350
13:00-14:00 2310 A A
14:00 - 15:00 2310 Hour
15:00 - 16:00 2330 - Seasonal Profile
16:00 -17:.00 2370 o
17.00 - 18:00 2260 4 T T T T daily high
18:00 - 19:00 1.980 g, e
13.00 - 20:00 1.860 = daily low
20:00 - 21:00 1.810 82 iy
21:00 - 22:00 1.640
22:00- 2300 14| 7
23:00 - 00:00 1.330 - o
— Jan Feb Mar Apr May Jun Jul Aug Sep Dt Mo Dec Ann
Fandom wariahility
Diaty-to-day 15 o Baseline | Scaled Efficiency Inputs... |
) _ . Average [Kwh/d] 434 43.4
Tirme-step-to-time-step I 20 = Average (kW) 18 181
PeskfwW) | 43 4% Plot. | Expor. |
Load factar 0414 0414
I 434
Scaled annual average (kKivwh/d) L} Help | Garcel | ’—IOK 7




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
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Alternative way for Solar and Wind Resources ---

Import XLM File from SWERA

1. Find Lat & Lon of your location

2. On SWERA
Type in Lat & Long
Click “Get Homer”

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

3. 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.

il HOMER - [Practice2.hmr]

i

MNew

* Open..

Close

Save As..

Import XML...
Export XML... [:’

HTML Input Summary...
Compare File...

1 Practice2 hmr

2 CAE_2013%.\yenhwa.hmr

3 CAE_2013\..\neopower.hmr

4 Privacy for Tibebu.hmr

5 CAE_2013\..\Mongolia.hmr

6 GreenCampusKU_costdiff hmr

7 CAE_2013\. . \neopowerDG12.hmr
8 yenhwaprj(P T).hmr

Preferences...

Exit

" File | View Inputs Outputs Window Help

Sensitivity

Graph typs
Variables

PrimaryrF

20—

PY Array Capacity (kW)
= in

[=]
£n




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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Generator Information

Now arrow appears
from AC bus to load

Click “Generator”
Size: 5.0 kW
Capital: $2000

= quapmeant E0 Consider

*"‘
Gerﬂgnr 1

(i

Corrverter

Replacement: $2000 Genersorinpurs

O&M: $0.02/hr

Sizes to consider:
0, 2.5kW, 5.0kW

Minimum load
capacity: 30%

F‘rrnu?lr]nad 1

43 Ew'hid
4.4 kW peak

Add/Remove... |

1]

File Edit Help

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

: f’ Choose a fuel. and enter at least one size, capital cost and operation and maintenance [O&M) value in the Costs table. Mote that the capital cost includes

to zerve thermal load. Az it searches for the optimal system, E§MEH will zonsider each generator size in the Sizes to Consider table.

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

Cost lFueI |Schedu|e Emissions

Costs
Size (kW) | Capital ($] | Replacement [$) | O&M [$/hr)
5.000 2000 2000 0.020
£ | L) |
Properties

Description ’W Type @ AC
Abbreviation W  DC
Lifetime (operating hours) ’W ﬁJ
[ 0[5

=

Minimum load ratio (%)

Sizes to consider

Size (k] 2,000 Cost Curve
0.000 )
2500 1,500
5.000 &
% 1.000
8
500
0 | | | |
2 1 2 3 P 4
Size (kW)

== Capital| == Replacement

Help Cancel | 11 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

Primary and 1

43 Kwh/d
4.4 kw/ peak

Converter

Generator 1

AC

DC

T
K

Windside 44,

File Edit Help

b

Hald the: painter over an element or click Help for rmore information.

Hub height (m)

;'Ehoose a wind turbine twpe and enter at least one quantity and capital cast value in the Costs table. Include the cost of the tower, cantraller, wiring, installation, and labor. Az it
\searches for the optimal spstem, HOMER considers each quantity in the Sizes to Consider table.

Turhine type 1Windside 44 L] Details... New ‘ Delete
Turbine properies - L\&
Abbreviation:  WS-4A  (usedfor column headings) 1.2 POWETEITVE
Fated pawer.  1.2kWDC 10
Manufacturer: ou /
Website: wwwewindside. com § ' /|/
= 0.6
H
// I
0z
0.0 _----""‘""/ |
0 [ 12 18 24
Wind Speed (mi/s}
Costs - Sizes to consider -
| : | | : &0 Cost Curve
Quantty | Capial (5] | Replacemert (8| 08 (1) _ Quarty |
] 30000 28000 500 1]
| 1 50 //
| =40 2
o
2ap //
B
| {3 I 820 = |
==
Other — 10 e
ifeti 15 L
Litetime (yrs) ﬂ %o 0.5 1.0 15 20
25 (BEr ol

=== Capital === Replacement

Help

Cancel ]1]—_2T|




Wind Resources
Resources

ﬁ, Solar resource fj]" E conamics
% Wind resource ..Q" Syshem contral

Click Wind
Resources Button

Location of your
choice
Your small store

Your side of street
lights

Your (future)
vacation home

Find Latitude and
Longitude

Find Wind Speed
[m/s] using SWERA
or WINDFINDER

Type in the speed

& Dieseﬂ‘\

Wind Resource Inputs

Sl o o
E Emizsions

@ Constraints

Month

March
April
tay
June
July
August

December

Januay |
Februany |

September:
October |
Hovember |

File Edit Help

Wind Speed

[mids)

Annual average:

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

Scaled annual average (m/s)

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

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

Datasource: (8 Entermonthly averages  ( Importtime series datafile

Baseline data.

Wind Resource

=]

Wind Speed (mis)
= =2 o
o (=] =]

&
a

=]
a

Jan ' Feb : Mar ! Apr May Jun

Other parameters

Altitude (m above sea level) 0
Anemometer height (m) 10

Variation With Height.. |

ey

ov Dec

=

T T T T

Advanced parameters
Weibull k [ 2
Autocarrelation factor ’W
Diurnal pattern strenth ,W
G

Hour of peak windspeed

Plat... | Expon... |

Help | Cancel “3 )4 |




Click “PV”
Size: 2kW
Capital: $7000
Replacement:
$7000

O&M: $0/yr

Sizes to
consider: 0,
2kW, 4kW

PV Information

o

e

File Edit Help

\hardware, and installation. Az it searches for the optimal system, HOMER conziders each P array capacity in the Sizes to Consider table.

7 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

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,

Costs Sizes to consider
: ! i 14 Cost Curve
Size [l_(W']_ Eap|tal_[$]l Replacement [$] O:bd [$a’yr]_ Size [RW] |
2.000 7000 7000 i 0.000 o
2.000 & 101
4.000 g af
- =3
§ B
3
{1 {} {1 2
2l
Froperties O : . T
Clutput current  AC @ DC == Capital Si:{;:glanem;-nt
Litetime {yvears) 200 13 A
Derating factor (32) 80 [} Tracking system  |MNo Tracking L]
Slope (degrees) o {1 [T Cansider effect of temperature
Azimuth (degrees W of 5) o {1 -05 }
Ground reflectance (%) el [2 47 }
i }
Help I Cancel I (0]:4




Solar Resources Information

1 1
DC

Type in the solar radiation data / i —
O IE' wind resource g Swstern contral
obtained from SWERA Blow e

ﬂ Constraints
| 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
Latitucle a- ' @ Noh (" South  Time zone
At ’_ 8 ’— @ East € \West |(GMT) lceland, UK, Ireland, West Africa ﬂ
|
Data source: (@ Enter monthly sverages (7 Importtime series data file Get Data Via Internet

Baseline data

| Marth ElTa;nESS D[ﬂy\fﬁfdiza;‘ijo]n & Global Horizontal Radiation e
ndex i

| Januay | 0.280 2820 | | [ /7 |
February 0,355 3690 B T : : 1 | — | | | | | g
Mach | 0427 4,490 =] | — |
Apil 0523 5.400 £ I e B N y
May | 057 5.570 g ] 08 E
June | DB 4990 5a B
July | 0442 4170 g E
August | 0423 41530 ot 0.4 C
September] 0,382 3,950 22

| October | 0343 3560 S 0s

| Maovember 0.273 2760 11
December 0.257 2550

0 Feb ; Mar ; Apr May ; Jun ; Jul Aug ; Sep ; Oct Mov ; Dec 15
Daily Radiation === Clearness Index

Avarage: 0.401 4011 Plat J Export.. ‘

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

15



Converter Information

Equiprnent to consider &dde"ﬂemove...l
Converter (DC—-> AC)

Size: 1kW il
&

Capital: $800 = R
O&M: $0

Corveerter Wwindzide 4

Sizes to consider: 0, 1, 2 KW _— a0
Converter mputs

File Edit Help

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

Enter at least one size and capital cost value in the Costs table. Include all costs associated with the conwverter, such as hardware and labor. Az it searches for
lthe: 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.

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

Costs Sizes to consider
: : ] . 1,200 Cost Curve
Size [Kw] | Capital [$] | Replacement [$] | D&M [$4r) | Size (ki) | ! ‘
1.000 200 200 0 0.000 | —
| 1.000 :
; ] § 800 LB S
| | § /
| {3 [ | e /
3 a
[nverer inputs - 0.0 05 10 15 20

Size (kW)

Lifetime (years) = Capital == Replacement

Efficiency (%)

o
e

[v Inverter can operate simultaneously with an AC generator

Rectifier inputs -

Capacity relative to inverter (%)

Ly
[==1 =1
[l =1
o e
L Rt

Efficiency (%)

Help Cancel J Ok, |




Diesel Resources Information

Fuel Price: $0.8/L
Sensitivity Price: $0.8, 1.6, 2.4/L

Simmplaticme: 144 ~F 144

Resources Other
‘@[ Solar resource @ Economics

ﬁ Wind resource
Q_l Diesel

&

-~

Diesel Inputs

w

File Edit

é

Help

the Generatar [nputz or Baoiler [nputs window].

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

BE
D

oo

EE

Frice ($/L)
(L)

[ Limit consumption to

Fuel properties

Lawer heating walue: 43.2 MJfkg
Density: 820 kogfm3
Carbon content; 88 %2
Sulfur content: 0.33 %2

Help Cancy

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

-

Sensitivity Values r
Yariahle: Diesel Price
nits: $/L
Link with: |<none> ~|
Walues: 1 0.800 - Clear
2 1.600
3 2.400
4
]
B
7
a
9
10
11
12 ﬂ
Help | Cancel | 8] L
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Emission Information

CO2: $3/ton

CO: $0

CO02: Sensitivity Data {0, 1, 2, 3}

Heip

HLpaLs

= 2

wwinoow

Add/Remove. ..

di ;;
ak,

—e— &
r Wwindzide 44

oC
et

_JII E conomics

| System contral
r=
L | Emissions

Consztraints

missions Inputs

4

I

ile Edit Help

Ty [Costs resulting from emissions penalties appear az 'Other D&M cost. HOMER discard
I spztems that exceed the specified emizsions limits,

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

Emissions penalties
Carbon dioxide ($/)

Carbon monoxide (/1)
Unburmed hydrocarbons ($/)
FPaticulate matter ($/)

Sulfur dioxide [$/4)

Mitrogen oxides ($4)

Limits on emissions
[ Carbon dioxide (kgfyr)

[ Carbon monoxide (kghy

[ Unbured hydrocarbons (kghr
[ Particulate matter (kg

[ Sulfur dioxide (ko

ol o

ARRRR AN

-~

(EEEE| EREEE

=

itivity Values

AR

“ariable: CO2 Emissions Penalty

Units: L

Link with: |<none>

YWalues: 1
2
3
4 4
5
g
7
a

5
10
1
12 |

1.00
0.00

=

Help J Cancel

=)

3.00] - Clear
2.00

ok |

18



Simulation

Sensitivity Results Optimization Results l

Sensitivity variables

Optimization Result  c.ccipicesmyea =1

Double click on a system below for simulation results. (" Categoriz @ Ov
. PV |WS-_|Label|Conv. Initial COperating Total COE Ren. Diesel Label
nd "!‘ Cﬁ|| (kW) (KW | (W) Capital ‘ Cost ($/yr) MNPC ‘ (H/KVVh) Frac. ‘ (L) (hrs) |
$ 253.996
(’_*3 5.0 $ 2,000 19,788 $254.962 1.259 0.00 7711 8.759
ol ot} 2 50 2 $ 12,200 19.056 $255.798 1.263 013 7339 8.754
wid ot} 4 50 2 $ 19,200 18,596 $ 256,925 1.269 0.24 7123 8,658
ol ot} 4 50 1 $ 17.600 18,836 $258.390 1.276 0.24 7.235 5743
il o 5] 50 2 $ 26.200 18.239 3% 2593565 1.281 0.33 6,952 8517
= CB 6 50 1 $ 24,600 18,781 $264.687 1.307 0.32 7181 8.735
f,l\ (’j{) 2 1 5.0 1 $ 40,600 20107 $257.631 1470 0.15 7.310 3.753
‘f,l\ CQ 2 1 50 2 $ 42200 20,116 $299.351 1.478 015 7.296 8.753
,l\ (’_*3 1 50 1 $33.600 20856 & 300205 1.482 0.02 7.653 3.759
f,l\ (’_fa 4 1 50 2 $ 49,200 19.673 % 300.683 1.485 0.26 7.086 8.652
‘f,l\ CB 4 1 50 1 $ 47,600 19,927 $302.339 1.493 0.25 7204 8,742
,l\ (’ja 1 50 2 $ 35.200 20898 $302.348 1493 0.02 7.653 3.759
’,l\ (’_T; 5] 1 50 2 $ 56.200 19333 $303.343 1.498 0.34 6923 8.514
fll\ (o 5] 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
:
210
0.5
0.0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1 9
XML Feport HTML Feport Help | Close




Sensitivity Analysis

(@ Tabul:{" Graohi

Export. | Detalls...

Cinnbla rlick nn o evetam halns far nntimizatinn racsulte

Diesel ! P PV |WS-.|LabelConv| Initial | Operating| Total | COE |Ren.| Diesel |Label

511 | W) gow)| Capial | Cost@y)| NPC [SKW.IFrac| (© | (e

0.800 [f[i bl $2.000 7451 §97252 0480 000 7711 &7.

1600 [j& R0 $2000 13620 $176107 0670 000 7711 &7.

240F R 2 b0 1 §710600 19040 5253536 1254 013 7350 &7.
Graph type |Spider graph ~] (™ Tabul:® Graphil
Sensitivity variables
Diesel Price ($/L) [HEIR_~ |
Wariables to plot
Primary |P"u"f-"~rra}' Capacity ﬂ Mew Window... ||
2.0 Speler Graph = Diesel Price
§1 - Best Estimate
ae: - Die=sel Price = S0.8/L
2
E‘*l.l:l
E
ED.E

0.0

1.0 15 20 25 3.0

Right click to copy, save, or modify Value Relative to Best Estimate

20




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
inputs, 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

L= E E G

™,

-quipment [o con HTML Repart Lddy

1 I

21



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: 10 kKW PV 5 kv Rectifier Total NPC: § 360,419
25 ki Generator 1 Levelized COE: $ 0.513/k\vh
5 kWY [nverer Operating Cost. § 24,361 A

Cost Summary | Cash Flow Electricall PV lGen‘I ]Convener Emissions | Hourly Data

Costtype: Cash Flow Summary

350,000
@ Netpresent
i Annualized 300,000 ]
[v Reverse sign
250,000 4
&
j:
Categorize: 3200.000-
i@ By component H ;
(— By costiype L3 TRy
£
: H
[ Show details 100,000 ]
50,000
o
P Converter
Compare...
Component Capital [$) Replacement [$] O&M [$) Fuel [$] Salvage ($] Total [$]
P 35,000 7795 0 -4.369 38.426
Generator 1 10.000 54,532 55, 18v.003 -860 F16.634
Corverter 4,000 1.663 0 0 311 5,358
System 43,000 73,936 55,953 187,003 5,539 360,419

ML Report HTKL Report | Help Close




What is this message for?

_\_
.

' zearch zpace may be insufficient.

-
.

Converter zearch space may be inzutficient.

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.

23



HOMER: Grid-Connected Micro-Power system

Place: A commercial/retail 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

Daily Profile

—a
Y

—
ra

—a
=]

Lead (kW)

=T % R A = R = =

=
=
—
=
—
oo

24

25


Charles
Rectangle


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]
26



New File

Start HOMER

Component and Resources

Load, Diesel
PV, Battery

Wind
“‘System is

connected to grid”

Loads
& [v Primary Load
& [ Primany Load 2

% [ Deferrable Load

< [ Thermal Load 1
< [ Thermal Load 2
& Hydrogen load

Gl

1

F ("~ Compare stand-alone system to grid extension

Components

v PV

[ Wind Turbine 1
[w Generic 3k
| Hydro

[w Converter

| Electrokyzer

| Hydrogen Tank
|  Reformer

B 58 NE> >4

(" Do not model grid
(@ System is connected to grid

@ @08 L

Equiprent ta conzider Add/Remaove. ..
Diezel Primary Load
35 Kwhid
4.5 ki peak.
Generic 2k
(nid Corverter
SECS25P
AC oC
Rezources Other
Solar rezource E conomics
Lrce -Q' System contral
Eﬂ Emizziong
- .
l_ Diesel Constraints

| Generatar 2
| Generatar 3
v Surrette BCSZ25F

| Battery 2
| Battery 3
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Solar Resources

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

o resouce pus L L T

File Edit Help

EHDMEH uzesz the zolar rezource inputs to calculate the PV array power for each hour of the pear. Enter the latitude, and either an average daily radiation walues or an
@ \average cleameszs index for each month. HOMER uzesz the latitude value to calculate the average daily radiation from the clearnezs index and vice-verza.

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

Location ( >
Latitude | - I 0+ @ Maoth & South Time zane (

GMT+09:000 Japan, Morth Korea, South Korea -
Longitude I 12 | D @ East  ‘West II: Jidap 2 —‘
Data source: (8 Enter monthly averages Importtime series data file Get Data Via Internet I‘.__
Baseline data
Marith Clearnezz [ aily B adiation | & Global Horizontal Radiation 5
Indew (kb2 fd) i 1 |
January 0.477 2,264 _ _ _
Februay 0.467 2651 5 | I | I | e | .
March | 0.497 3966 T o
il | 0533 5.243 £, i EE EN EN §§ B .
May | 0522 5777 > - los B
June 0.491 5681 5a Lt v o S0 R N e i E
July 0.455 5135 = STt g
—t - m
.&_uglu_st_| 0.503 5161 = o4 =
September 0516 4435 %12 m wm mm mm BE mm mE EE EE EE EE |E
Dctober | D.540 3524 = s
Movernber 0.512 2582 11— - -4 4 4 -4 4 R [
December 0.475 2056
o 0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec
Daily Rediation = Clearness Index

Awverage: 0.499 4062 Plat.. | Export. |

Scaled annual average (kvhim2id) I 406 11 I Help I Cancel I (8114 I
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Type in Wind Speed Data

nd Resnu_rce Inputs

N

Wi
File Edit Help

Wind Resources

(\.—

Baseline data

HOMER uses wind rezource inputs to calculate the wind turbine power each hour of the pear. Enter the average wind speed for
calculations, HOMER uszez zcaled data: baseline data scaled up or down to the scaled annual average walue. The advanced p
icontrol how HOMER generates the 8FE0 howurly values from the 12 monthly walues in the table.

Hold the pointer over an element or click Help for more informeati

Data source: (@ Enter monthly averages " Importime series data file Import File. . |

o =5 (5 e [—(

v

2l

fif File View Inputs Outputs Window ’Herpi
: : )

b ot “wind Speed
[rn=)
Janary 4,700
Februars 4.300
kM arch 4. 700
Lupril 4100
kd ay 3.600
June 3400
July 2.400
Aiagust 3.800
September 2.500
October 3.300
Mowvember 3.700
December | 4,200
Annual average: 3.837

Scaled annual average (m/s) I 3 13} I Flot... | Export... |

Wind Resource

5
= =
E
o 31 i =
o
@ o) £
=
= 1]
e Jul Aug Sep Ot Mow Dec
Other parameters Advanced parameters
Altitude (m abowve sea lewel) I 0 Weibull k
Anemometar height () | 10 Autocorrelation factor 0.8%

“ariation With Height.. I Diurnal pattern strength 0.25

Hour of peak windspeed

iy

Help | Cancel | ]

The diurnal pattern strength simply indicates how strongly the 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 daily 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. 29




Diesel Resources

$0.5/L

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

Diesel Inputs

File Edit Help

E nter the fuel price. The fuel properties can only be changed when creating a new fuel [click New in
the Generator Inputs or Boiler Inputs window).

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

Frice ($/L)

v Limitconsumptionto (L)

Fuel properties

Lower heating walue:

Density:
Carbon content;
Sulfur content;

03 {3
ROOD 1.3 |l Sensitivity Values ]
1 variahle: Diesel Price
43.2 Mdikyg .
nits; L
820 kgm3 i ¥
a8 % Link with: |<none>
0.33 % Yalues: 1 0300
2 ;.05
Help Cands 3 | 0.700
.'- 4
| | 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 kKW

[1300 - 0000]: 7, 7, 8, 8, 8,12, 12, 12, 12, 12, 8, 8 kKW
primary Lood nputs

File Edit Help
9 [Choose a load type [AC or DC), enter 24 howrly vwalues in the load table, and enter a zcaled annual average. Each o

|[HOMER replicates thiz prafile throughout the vear unlezs you define different load profiles for different months or day

lzzaled annual average value.
|
{Hold the paointer over an element ar click Help for more information.

Lakbel lPrir‘nary Load Load type: @ AC 0 DC Data source:; @ End
Baseline data
kAonth I..Ianuar‘_-,.f - ! A Daily Profile
Daw type iWeekday vi 12
. s 16 =
| Load [k =B a8
o100 20001 3 5
2.000 = 2
2.000 =
2.000 =
2.000 =
7.000 i
7.000 e
2.000
<000 18 T == T T T
4.000 s
4,000 =
: 12
7.000 =
7.000 v
7.000
2.000 - o

Jan Feb hiar Apr hiay Jun




Component: Diesel Input

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

Generator Inputs

File Edit Help

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

Hold the pointer over an element or chick Help far more information.

Cost ]Fuel | Schedule] Emisaians]

Costs Sizes to consider
Cost Curve
Size (k'] | Capital [$] | Replacement [$] | O&M [$/hr] Size [khw]
8.000 ER00 5500 0.200 0.000 &
2000 =51
4.000 2 4
L
% 2
3
3| [ e 2!
1 4
Properties 1 : | |
e : a 2 4 [ F:
Description |D'ESE| Type @ AC Size (KW}
o — BC == Capital = Replacement
Abbreviation |Dsl

Lifetime (operating hours) 15000
Minimum load ratio (%)

Help Cancel oK 32 |




Grid Ih'ﬂts -

Component: Grid Input

T —

File Edit Help

ﬁ [Click &dd to add a‘é\r’nan_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 |Em|’ssionsl Advancedl Forecasting

(@ Scheduled rates
(" Realtime prices

Rate schedule

-

Rate Properties

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

Step 1: Define and select a rate

Add | Remove |

Edit . This rate applies:

Step 2. Selectatime period

I AllWeek Weekdays | Weekends

[Enter a hame for this rate period, and the coresponding power price, sellback rate, and
|demand rate.

Rate Price | Selllback Demand Lakel |F>‘EltE1 Colar -
(S/KWH  (S/KWH) | ($/kW/mo) _ _
Rate 1 0150 0150 =000 Grid pawer price ($kivh) | 01s 1 i

Sellback rate ($/Kivh) m {--}I
Demand rate (3/kv/manth) | ] {..}I

Months | DayLI Hours |
Allweek  00:00-24:00

Jan-Dec

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

[~ Netmetering

the

Jan Feb Mar Apr May Jun = Jul

Aug  Sep

Help

Oct

Mov  Dec

Cancel

ERate 1
Al week

W \Weekdays
[CWWeekends

oK
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Component: PV Input

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

PV Inputs
[

+

File Edit Help

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
thardware, and installation. Az it zearches for the optimal system, HOMER conziders each PY array capacity in the Sizes to Conszider 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 t ( ( { Sizes to consider

Cost Curve

Size _[k_"-.-k-"] Capital [$] Fleplac:emer_'ut [$] | D&M [ES0r) Size [li"-.-k-"] 25 L
1.000 £300 £300 a0 0.00a 25
2.000 & 20
4.000 =
2,15
o
8 101
+r i} .}
5 1
Froperies o
a 1 2 3 H
Size (kW)
OUtpLﬂ L O AC (o DC = Capital = Replacemsent
Lifetime (wears) 2 e
Derating factor (%) 3 Tracking swstem  |MNo Tracking -

Slope (degrees) 3 [ Consider effect of temperature

Azirmuth (degrees W of 5)

dddd.
eEkEE

Ground reflectance (22) 2

Help | Cancel |
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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... I MNew. . ‘ Delete
Turbine properties
Abbreviation:  G3 (used for column headings) 3.0 Power_c"'n'e
Rated power. 3 kW DC 25
tanufacturer: o
“WWabsite: § -
I = 1.5
s
8 40
|
0.5
0.0 |
0 [ 12 18 24
Wind Speed (mis)
Costs Sizes to consider

Cost Curve

Cuantity | Capital ($] | Replacement [$] | D&M [$/pr] | ‘/ Cuantity | H
1 11000 Fooo 200 (/ u] 25
2 20000 12000 375 1

=20

2 (=]
3 S1s

1]

| | 8 10]

Cther

0.0 0.5 1.0 1.5 20 25 3.0
{ Cruantity

= Capital = Replacement

1r
Lifetime (yrs) 15
3

Huk height (m) 19.952

Help Cancel 8]




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 |Surrette BCS25F 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

Cost Curve

Quantity | Capital [$] | Replacement [$] | D&M [$40r) "/ Eatteries

1 1200 1100 5000 0
10 / 0

20
20

3| i} | o | 10,

Advanced */"- °3 5 10 15 20 35 a0
Batteries per string 1 (6% bus) — Capital Qf":gplamment
[ Minimum battery life (wr) 4

Cost (000 §)
L]

Help Cancel 0], | 36



Battery Sizing

10291 System conﬁgurahon battery sizing

Is there any particular criteria for sizing of battery storage in HOMER ? How do we size a converter ?

We have found that there igng religble rule of thymb for determining optimal value of battery autonomy. It

depends on many factors, including the daily and seasonal patterns of the load, the daily and seasonal patterns and
the intermittency of the relevant renewable resources, the correlation between the load and renewable resources,
the fuel price, the size of the backup generator relative to the peak and average load, etc.

So we always rely on HOMER's ability to optimize the size of the battery bank, rather than using some pre-defined
size. One possibility is to calculate the number of batteries co rresponding to a comfortably Icng autonomy such

as 4 dazs, and specify a range of possible values from that value down to zero. In truth, I usually rely on tria and
error, using HOMER's feedback to revise the battery search space over several runs. This process is much easier in
version 2.1 that it was previously because in version 2.1 the information on "winning sizes" appears in the
Optimization Inputs window. So you can specify some battery sizes, hit Calculate, then check the bottom half of
the Optimization Inputs window to see which battery size was optimal, and use the top hﬁof the window to revise
the Eattery Search space if necessary. You can do the same for any other ::omponent as well.

Sizing the converter is somewhat easier that the battery bank because there is a clear upper limit to the converter
size, namely the peak load. For example, if the load is AC and its peak value BB RW, 1T 15 very UnKely that the
optmal converter size wil exceed 6 kW. I might try a size range such as 6, 4, 3, 2, 1,and 0 kW.
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Battery Blues ?

‘ @ ] simpsonswiki.com/wiki/Homer's_Battery_Blues

Batteries from Remote

2 Most Visited Getting Started New Tab

eplscdes, quotes, pIctures anda co renet

Youtube link:
http://www.youtube.com/wat Homer's Battery Blues

ch?feature=player_detailpag I ——
e&v=63mﬂ4lDYL_C Lyrics

Mama took those batteries,
She took 'em away.

Mama took those batteries,
Size double-A.

Refer Battery Sizing
examples in the lectures
on Solar Energy --- “the
number of usable days”
requirement/suggestion



Review - Battery Sizing

Statistical nature of weather

No set rules about how best to size battery storage except the cost trade-
off

Battery system of meeting demand 99% of the time may be 3 times higher
in cost than that of meeting 95% of the time.

The number of days of storage to supply a load in the design month [the
month with the worst combination of insolation and load]

Days of “usable battery storage” needed for a stand-alone system

Nominal Battery Storage -- 3 days
16

s ‘\\

™~

~

—
ra

—_
o

99% Awvailahility

6 _\ o
4 —
_ :;sxﬁ_

2
i 95% Availability —

Days of Usable Storage
©
/ l

) 3 4 5 6 7 8 39
Peak Sun Hours



Review - Battery Sizing

Nominal rated storage vs. usable storage:
Usable battery capacity
(MDOD)(T, DR)

Nominal (C/20, 25°C) battery capacity =
Variables:

MDOD (maximum depth of discharge): 0.8 for lead-acid;
0.25 for auto SLI

(T,DR): Discharge Rate Factor under a given
Temperature

120

110 4

= 100

Capacity/{Rated Capacity)

_30 20 0 10 20 25 30 40
Battery Temperature (*C) 40



Review - Battery Sizing Example

A cabin near Salt Lake City, Utah, has an ac demand of 3000
Wh/day in the winter months. A decision has been made to size the
batteries such that a 95% system availability will be provided, and a
back-up generator will be kept in reserve to cover the other 5%.
The batteries will be kept in a ventilated shed whose temperature
may reach as low as —-10-C. The system voltage is to be 24 V, and
an inverter with overall efficiency of 85% will be used.

SOLUTION APPROACH
1. AC load - DC load demand (with 85% inverted efficiency)
2. Battery Capacity (Ah)
3. Usable storage (Ah) — Use the nominal 3 day storage

4. Nominal capacity (Ah)
Assumption: 80% deep discharge <MDOD
Assumption: 97% discharge rate < (T,DR)

5. Battery Bank Design

41



Review - SOLUTION - details

AC load 3000 Wh/day
DC load = T T 3529 Whiday
Inverter efficiency 0.85
3529 Wh/day ]
Load = YR, — = 147 Ah/day @ 24 V

Nominal 3-day storage

120 —

Usable storage = 147 Ah/day x 3 day = 441Ah

Capacity/(Rated Capacity) %
y
r

-30 =20 m 0 10 20 25 30 40
Battery Temperatura (°C)
441 Ah

Nominal (C /20, 25°C) battery capacity = = 568 Ah (at 24 V)
0.80 x 0.97




Review - MathCad Solution

Battery Sizing.xmcd Charles Kim 2013

A Cabin near Salt Lake City, Utah, has an AC energy demand of 3 kWh per day in the winter

months. With a battery system, a 95% availakility will be provided, while a back-up generator
will be kept to cover the other 5%. The battery system will be kept in a wentilated shed where
the temperatue may go as low as - 10 C degrees. The system voltage is 24 V, and an inverter
efficiency is 83%. Azssume 20% deep discharge (MDOD) and 97 % discharge rate (T,DER)

(0) Calculate the size of the battery system.

MDOD = 0.8
DR = 0.97 40.7500° N, 111.8833° W
Eac=3 kWh / day
DIA = 0.35 Inverter Efficiency

Bvolt .= 24 Battery System Voltage

SOLUTION

. DC energy demand (Edc):

Eac
= —— = 3,52 kwh /day
Edec: DIA 3.5204 wWh /day

Expression of the energy demand in terms
of Amp-Hour per day. Eemember that
Energy=Power*Time = VeA*time,

==> A%hour = Wh/V

ap - B4 1000 ;00288 ansaay
Bvolt
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Review- MathCad Solution

3. Find the usable storage 2h at -10 C degree (use the graph)

a. Peak-Sun-Hour information

b. Find the # of days of usuakle storage (Dus) --- Use nominal 3-day storage

Dus =3 days
c. NHow we calculate the Usuzble Storage Amp-Hour ([(AHus)

AHus = AH = Dus = 4411785 Ah

d. Finally, the nominal (C/20, 25 C} capacity:

MDOD = TDR = 0.7760

5 _
' MDOD = 0.5000 Nominal 3-day storage
'_‘; TDR = 0.9700

AHnorm - —AHM
e By - ® ® B ; = = a . . ; e : . ., =
A 20 ] 10 3N PS5 30 i MDOD = TDR

Batlery Temperaium (°C)

Al

AHnorm = 568.5264
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Review - Battery Selection - Example

871 Ah @ 24V

BATTERY Voltage Weight (Ibs) Ah @ C/20 Ah @ C/100
Concorde PVX 5040T 2 57 495 580
Trojan T-105 6 62 225 250
Trojan L16 6 121 360 400
Concorde PVX 1080 12 70 105 124
Surette 12CS1IPS |12 272 357 503
: — — O
@ e (P o 24V
900 Ah

f;l\? 3\&" O\", ;-;\?

= (e (e

{51\_ H\. C}\ i}\

A (I (] (S 6V, 225 Ah ea.

o |G | a\.

= (I () (2

sl SIS
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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

File Edit Help

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
A both.

[Enter at least one zize and capital cosgt walue in the Cosgts table. Include all coste 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
linwerter capacity.

Hald the painter owver an element aor click Help far more infarmation.

Costs Sizes to consider
: ; - 14 Cost Curve
Size [kM/] | Capital [#] | Replacement [$] | D&M [$/0r] | t Size (k] | |
10.000 12600 12800 100 0.000 =
2.000 &0
4.000 2 s+
{ [=]
£.000 3 6l
o
=1 o | 5| £.000 8 .
21
Inverter inputs D‘.:n 2 4 [} 8 10
Size (KW}

Lifetime (wears) 20 i.r / = Capital == Replacement
Efficiency (24) a0 i

[v Inwerer can operate simultaneoushy with an AC genaeratar

Fectifier inputs

Capacity relative to inverter (2] oo 1.3 /
Efficiency (32) 85 13

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 - - 2 oOo—

File Edit Help
L= HOMER applies the economic inputs to each system it simulates to calculate the system's net
lﬁ, -~ |prezent cost,

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

Annual real interest rate ()
Froject lifetime (years)
System fixed capital cost ()
=ystem fixed O&M cost ($iv)

Capacity shortage penalty ($/kWh)

Help

[ ]
25 L}
G000 ?

E
i
Cancel

«
&
r's

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

=,
File 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

File

()

—~—

Edit Help

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

\margin for each hour based 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

11

i
s

Minimum renewable fraction (2)

Operating reserve

As percent of load \

Hourly load (4

Annual peak load (3]

As percent of renewable output

Solar power output (22)

il
e |k

Wind power autput (32)

abulz(e Grz

-

Sensitivity Values

I_Inits: %

“ariable: Maximum Annual Capacity Shortage

Link with: |<nane>

“alues:

]
2
3
4
5
G
7
g
9

=

—

=]

0.0 - Clear
01

49



CO2 Emission Limit

Emission Input (Optional)

Emissions Inputs

File

T Coztz rezulting fr

Edit Help

Hald the paointer aver an element or click Help for more information.

Emissions penalies
Carbon dioxide ($1)

Carbon monoxide ($/)
Unbumed hydrocarbons (34
Farticulate matter ($/)

Sulfur dioxide (1)

Mitrogen oxides (31

Lirnits on emissions
v Carbon dioxide (koper)

[ Carbon monoxide (ko)

[ Unbumed hydrocarbons (kg
| Particulate matter (koA

[ Sulfur dioxide (kg

[ Mitrogen oxides (kg

1000

L 1

- kR

(|

emizzionz penalies appear az 'Other O&M cost’. HOMER dizcards
zystems that e:-:c%the specified emizzions limits.

~
I
=

eEEEE

{1

(@ Categoriz: { Owveral

Export ..

COE |Ren.| Diesel | GEMN
kW .| Frac. (L) (hrs)
1254 013 7350 87.
1259 0.00 7711 8.7.
1470 015 7310 8.7.

Sensitivity Values

Yariable: Maximum COZ Emissions

Lnits: kot

Link with: | <none>

“alues:

(== e p Ry SRR PR R

10000
20000
30000
40000

Help

=

i‘ Clear

Cancel |

0] 4
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Simulation

Calculate: Optimization Result
Categorized

Sensitivity Results Optimization Results |

Sensitivity variables

Wind Speed (m/s) |3 - l Diesel Price ($/L) IU.3 - l b=, Annual Capacity Shortage (34) IEI hd I

Double click on a system below for simulation results. (@ Categori: ~ Overal  Export. | Details... |
s PV | G3 | Dsl |[SBCS52. |Conv|Disp| Grid Initial Operating Total COE | Ren.|>apacit| Diesel Dsl

1|¥| Ao aE (kW) (kW) (kW) |Strgy] (kW) | Capital | Cost($fyr) NPC B/kW_|Frac.|Shorta..| (L) (hrs)

| leslEe 2 0 2 CC 1 $22125 3152  $55776 0409 000 000 2904 4400
A4 CEFE 2 2 10 2 CcC 1 $ 35925 2670 $64428 0472 022 000 2031 3,077
#+ ,kCBED 1 2 10 2 CcC 1 $33125 3401 $69434 0509 006 000 2,646 4,009

& o Wac)= I 2 1 2 10 2 CC 1 $ 46,925 2927 $78175 0573 028 000 1.796 271
Overall

Sensitivity Results  Optimization Resulis |

Sensitivity variables

Wind Speed (m/s) |3 - I Diesel Price ($/L) IU.3 - | hax. Annual Capacity Shortage (%) IU hd l

Double click on a system below for simulation results. (" Categori: (8 Overal Export.. | Details
by PV | G3 | Dsl |S6CS2. |Conv.|Disp.| Grid Initial Operating Total COE | Ren.|Capacity| Diesel Dsl
:f: FhES (kW) (KW (KW) [Strgy| (kW) | Capital | Cost($fyr) NPT 3/kW.|Frac.|Shortage| (L} (hrs)
g 2 10 2 CC 1 $22125 3152 855776 0409 000 000 2904 4400/
fcy = ]| 2 1 $24625 $5882-4- {}431 ﬂ{}{} 2921 4426
1 CB i 2 2 1{]I 2 CC 1 $35.925 2.6?{] $64428 0472 {]'.22 goo 2031 3,077
4 [’_2’9 &= E 2 10 6 CC 1 $27125 3.613 $65693 0482 0.00 0.00  4.660 7.061
1 CE i 2 4 10 2 LF 1 $37.550 2917 $658.686 0504 0.6 0.00  4.883 3.699
e GB i 4 2 10 § CC 1 $29.625 3.693 $69.045 0506 0.00 000 4929 7463
1k (f.’:" i 4 1 2 10 2 CC 1 $33,125 3.401 $69434 0509 0.06 0.00 2646 4,009
1F AR 2 2 10 4 CC 1 $38.425 3.107 $71592 0525 017 000 3,708 5618
1 e 2 4 10 4 LF 1 $ 40,050 3.002 $72101 0529 0.6 000 4723 3578
= S Y 1 1 2 10 4 CC 1 $35625 3450  $72454 0531 006 000 2660  4.031
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Result: Electrical & Cash Flow

Simulation Results

Swstarn Architecture:

1 kMY Grid
2 ki Diesel
10 Surrette BCSE5

=

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
0.5 1 | | 1 |
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

[ Grigos|
- Grid/DzlBattery
[ 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...
80 Optimal System Type System Types
i Grids!
B GridDsiBattery
55
[ GridiPviDsiBattery
[ Gridwind/s|
g i [ 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 0.7
Right click to copy, save, or modify Diesel Price ($IL) 54



Capacity Shortage Impact

Upumal system Iype System Iypes

[ crioosi
-Gﬂd.lﬂsll'ﬁattery
[l GridPviDsiBatery
[ Grigwinds!

0.7

=
o

| [l GridvinaDsiBattery

3 s .

: [ GridMind/PV/Ds!

T05

% Fixed

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

=
=

0.3 )
3.0 35 40 45 5.0 55 6.0
Right dlick to copy. save, or modify Wind Speed (m/s)

Optimal System Type System Types

[ crions
[l criosiBattery
[l GriaPviDsiBattery

6.0

5.5

[ Grianinams|
[ GrievinamsiBattery
[ cridwindPvms|

wn
=

Fixed
Max. Annual Capacity Shortage = 0.05 %

Wind Speed {(m/s)
o=
o

e
=

35

3

05
0.3 0.4 0s 08 0.7
Right click to copy, save, or modify Diesel Price (SIL)



Surface Plot View

PV Array Capacity

Sensitivity Results ] Optimization Res

ultsl
Graph type |Surface plot j‘/ (" Tabul:ie Graphi

Sensitivity variables

Wind Speed (m/s) [y-axis ¥ | Diesel Price ($/L) [x-axis ¥ | Max. Annual Capacity Shortage (%) (005«
Variables to plot
Primary |P‘u’.ﬂ.rray Capacity ¥ | Superimposed ‘inune: ﬂ New Window...

PV Array Capacil Legend
4.0 kW
36
3.2
23
24
20
1.6
1.2
0.8
0.4
0.0

6.0

WWind Speed (m's)
o th
n =

by
=

Fixed
WMax. Annual Capacity Shortage = 0.05 %

3.0
0.3 0.4 0.5 06 0.7
Right click to copy, save, or modify Diesel Price ($/L)

56



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

e dmwal A e S e g e

Sensifivity Results | Optimization Results | =

Graphtype ISurface plot ﬂ (" Tabul:(® Graphi
Sensitivity variables

Wind Speed (m/s) \y-axis ¥ | Diesel Price ($/L) [x-axis ¥ | Max Annual Capacity Shortage (%jID.DE vl

Variables to plot -
Primary |Grid Purchases v | Superimposed |<none> - New Window..

-~ Grid Purchases Legend
’ 6,000 KWh
5,400
4300
4200
=50 3,600
E- 3,000
-
54.5 2,400
] 1,800
E
1,200
= 404
600
0
3.5
Fixed
Max. Annual Capacity Shortage = 0.05 %
30 T
0.3 0.4 0.5
Right click to copy, save, or modify 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 (Now)
Team Project Demonstration/Presentation (Tomorrow)
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