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Foundations of HOMER Pro: Student Training Guide

Welcome to Foundations of HOMER Pro. This course is intended to familiarize you with HOMER’s user interface
and the simulation-optimization-sensitivity analysis paradigm to allow you to begin using HOMER independently
for small systems. By the end of the Foundations course, you will have simulated a diesel generator system with
and without batteries for an isolated off-grid application, optimized the system design by adding solar panels,
explored the sensitivity of the optimal system design to interest rate and diesel fuel cost assumptions, and
explored the implications of 100% renewable systems. You will also design distributed solar+storage systems
interconnected with a utility grid. You will learn not only how to analyze these systems, but gain tools for
communicating their findings with others.

This guide is not intended to be a standalone course guide, but it provides a reference for the samples that we
will cover in class, and the topics covered by those samples.

Lesson Al Objectives: Build a basic model

e Build a basic model with a diesel generator and load
e Select sample load types and profiles in HOMER

e View results

e Determine costs and performance

e See where costs are coming from

Lesson Al: Trainee model

Using the following input parameters here, build a slightly different version of the model you saw built in the
lesson presentation.

Unless otherwise specified, use the default economic assumptions from the HOMER Pro library.
1. Location: Nairobi, Kenya

International life house, PRSC+5QG, Nairobi, Kenya ( 1°17.5'S 35=49.

@)
[

&= \‘\
65°13'01.01" S 12° 2849 5000 km

Nairobi, <er‘v‘.‘al Location Search
(UTC+03:00) Nairobi

2. Load: Select a pre-defined load built into HOMER Pro
a. Load type: Community
b. Peak month: No peak month
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Create a synthetic load from a profile:

Peak Month: January July % None

Profile: Community  ~
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3. Component: Auto-size Diesel generator.
a. Use the default cost assumptions from the HOMER Pro library.

Autosize Genset ™
Complete Catalog

Mame: Autosize Genset

PROPERTIES

Abbreviation: Gen
Generator is auto-sizing

www.homerenergy.com

Motes:
Thic nenarator antnmahicalle cires toalf tn

Add Generator

= B
Gen Electric Load #1 —
f_l - >

|l | | i- |
16544 KWh/d

20046 kW peak

1® [8f[C] (][

,_I;.-‘é

SAVE YOUR WORK! File->Save->My Lesson Al

Lesson A2 Objectives: Add storage (batteries) to your model

e Optimize a system design with a storage component
e Use the battery select list
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e Describe the 3 levels of error/warning messages

e Add a converter component

e Use the HOMER Optimizer to automatically size storage

e Review viewing optimization and simulation results

e Compare a generator-only and a battery-generator system
o View the key performance metrics of each simulated system
e Double-click to view more detailed simulation results

Lesson A2: Trainee model
Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Component: Generic 1 kWh Lead Acid battery
a. Use the default cost assumptions from the HOMER Pro library.

STORAGE SETUP 3

Generic TkWh Lead Acd ™

Properties
Kinetic Battery Model
Mominal Voltage (V): 12 '

Mominal Capacity (KWh]: 1
Maximurmn Capacity (Ah): 83.4
Capacity Ratic: 0.403

Rate Constant (1/hr): 0.827
Roundtrip efficiency (%): 80
Maximum Charge Current (A): 16.7

Storage components with
[A5M] in the name require the

Advanced Storage Module

2. Component: Converter
a. Use the default cost assumptions from the HOMER Pro library.

Q’y@ homerenergy.com
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System Converter ~ Name: System Converter Remove

— Copy To Library
Abbreviation: Converl
Costs

Capacity Optimization

CONVERTER® a

Properties

Capacity Capital | Replacement| O&M % HOMER Optimizer™
Name: System Converter (kW) ($) (5 ($/year) Search Space
Abbreviation: Converter 1 $300.00 $3200.00 300 * Advanced

www.homerenergy.com Click here to add new item

Notes:
This is a generic system converter.

Multiplier: @ @ @

Generic EIUM!R Inverter Input Rectifier Input
homerenergy.com b nergy Lifetime (years): 15.00 @ Relative Capacity (%): | 100.00 @
Efficiency (%): 95.00 @ Efficiency (%): 95,00 @

+ Parallel with AC generator?

AC C =3
Gen Electric Load #1] 1kWh L.L‘al

%

&=rr? HE

Converter

SAVE YOUR WORK! File->Save->My Lesson A2

Lesson A3: Add PV to your model

e Optimize a design with a PV component

e Select a PV model from a list

e View the PV resource

e View summary of Net Present Cost (NPC) and Cost of Energy
e Compare category winners, look at a 100% renewable system

Lesson A3: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Component: Generic flat plate PV:

Capital cost Replacement O&M
cost Cost
2500 2000 8

\/
&'0‘:4 homerenergy.com
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Add/Remove Generic flat plate PV

Remove
PV g Name: | Generic flat plate PV Abbreviation: | PV
- Copy To Library
Properties Cost Sizing
Name: Generic flat plate PV Capacity Capital Replacement O&M # HOMER Optimizer™
Abbreviation: PV (kW) [£)] (8 ($/year) Search Space
Panel Type: Flat plate 1 2,500.00 2,000.00 8.00 Advanced
Rated Capacity (KW): 1 Lifetime More...
Manufacturer: Generic time (years): 2300 @
www.homerenergy.com
Motes:
This is a generic PV system.
Site Specific Input Electrical Bus
Derating Factor (%): 80.00 @ AC ® DC
Advanced...

REQUIRED CHANGES

| Add a solar GHI resou

Add a solar GHI Resource

Resources

Bl < house, PRSC+5QG, Nairobi, Kenya ( 1°17.5'S, 36‘49.

Solar -

NASA Prediction of Worldwide Energy Resour
Monthly averages for global horizontat radiation over
22-year period (Jul 1383 - Jun 2005)
National Renewable Energy Laboratory
Nationai Solar Radiation Database
Wind
NASA Prediction of Worldwide Energy Resour
Monthly average wind speed at 50m above the surface
of earth over @ 30-year period (jan 1984 — Dec 2013) ndi ea
Temperature
NASA Prediction of Worldwide Energy Resour
Monthly average air temperature over 30-year period
{Jan 1384 - Dec 2013)

ot
pean

IRICA

§9°16' 3¢ 5000 km
|
Choose Windnavigator for improved wind modeling. Bt Erah

Download Cancel (UTC+03:00) Nairobi o

SAVE YOUR WORK! File->Save->My Lesson A3

Lesson A4: Sensitivity analysis on fuel

e Perform a sensitivity analysis to determine the impact of different fuel prices
e Edit and enter sensitivity variables and values for fuel price

e Review and understand sensitivity results

e See how recommend PV and storage change with fuel price

e View sensitivity graphically

Lesson A4: Trainee model
Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

homerenergy.com
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Unique parameters for your model:
1. Fuel price:

Fuel price ($/L) S/qal
equiv
0.75 --> 2.83875
1.5 -> 5.6775
2.5 --> 9.4625

Select the Autosize Genset, Advanced..., Diesel Fuel Price
| @

JFueI Resource | Fuel Curve | Biogas | Emissions | Maintenance | Schedule

§ SELECT FUEL: | Diesel ¥ || Manage Fuels PROPERTIES
| Diesel: Fuel Price (3/1) nr Heating Value (MJ/kg): 43.2
: ity (kg/m3): 820
1 Varizble: Diesel: Fuel Price ($/1)
H an Content (%) 88 -
Link with: v
“nane> r Content (%): 04 )
Values: Diesel o
| Diesel Fuel Price (3/L):  1.000 @ Fuel Price = [
| (8/1)
I
075
15
25
4
OK Cancel

SAVE YOUR WORK! File->Save->My Lesson A4

Lesson A5: Sensitivity analysis on reliability

e Perform a sensitivity analysis to determine the impact of allowing lower reliability
e Introduce capacity shortages and reliability to a HOMER model

e See how battery state of charge interacts with different capacity shortage cases

e Compare economics using a base case

e View an Optimal System Type plot

e Export sensitivity cases to a spreadsheet

Lesson A5: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Maximum annual capacity shortage:

v
‘:0? homerenergy.com
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Max
annual
capacity Equivalent | Equivalent | Equivalent | Equivalent
shortage hours days weeks months
0| --> 0 0 0 0
5| --> 438.00 18.25 2.61 | 0.608333333
10 | > 876.00 36.50 5.21 | 1.216666667

Select the PROJECT tap, Constraints, Maximum annual capacity shortage (%)

CONSTRAINTS © CapacityShortage (% O
Maximum annual capacity shortage (%) 0.00 @ Variable: Capacity Shortage (3)
Link with: v
Minimum renewable fraction (&) 0.00 @ <none>
Operating Reserve Values: Capacity Shorta | =

(%)
As a percentage of load 0
3

Load in current time step (%): 10.00
Annual peak load (32): 0.00
As a percentage renewable output

Solar power output (32): 80.00

©e 006

Wind power autput (%): 50.00

oK Cancel

SAVE YOUR WORK! File->Save->My Lesson A5

Lesson B1: Refine synthetic load

Create a load with limited data

Download location-specific resource data

Select peak month for a load based on knowledge of location

Modify basic load parameters including average profile, scaled annual average, and random variability
Understand relationship between weekday and weekend loads

Understand how changes in variability affect peak and average loads

Lesson B1: Trainee model

Start a new model, and using the input parameters here, build a slightly different version of the model you saw
built in the lesson presentation.

Unique parameters for your model:

Unless otherwise specified, use the default economic cost assumptions from the HOMER Pro library.
1. Location: Nairobi, Kenya

v/
=
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2. Load: Add a blank load and input the following load profile

Hour Copy/paste Hour Copy/paste
0 1 12 10
1 1 13 10
2 1 14 10
3 1 15 10
4 1 16 10
5 1 17 11
6 2 18 16
7 4 19 16
8 10 20 16
9 10 21 14

10 10 22 7
11 10 23

ELECTRIC LOAD SET UP ?
Choose one of the following options:

Create a synthetic load from a profile:

Peak Meonth: January July ®| Mone
Profile: Residential -

. Residential

; Commercial
Z Industrial ﬁ

||I| Community
O
Blank

3. Load: Adjust the variability to get a 22.57kW peak load. Although it is not always needed, for this lesson
make the day-to-day and timestep variability values the same. Baseline peak is 16kW to be scaled to
22.57kW. The Average kWh/day is 184 has to be multiplied with (22.57/16) or 1.410625 to 259.555 for the
Peak to reach 22.57kW.

4. Load: Name your load “Comm MG Load”

Q’y@ homerenergy.com
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ELECTRIC LOAD 0 Name: | Comm MG Load |
|
January Profile Daily Profile Seasonal Profile
Hour | Load (kW) . 20
0 1,000 15
1 1,000 |20
2 1,000 3
0
3 1.000 A 5 &
S - T R S S Weﬁ_$‘§z£\$g-?$oueqﬁ
4 1.000
Yearly Profile
5 1.000 20 kw
6 2,000 16k
12 kKW
7 4,000 B.0 kW
] 10,000 4.0kw
T T T T 1 D kw
9 10,000 1 50 180 270 355

-
Diay of Year

Show All Months... Metric Baseline Scaled Efficiency (Advanced)

Average (KWh/day) 184 259,56 Efficiency multiplier:
BAverage(kW) 7.67 10.81
Peak (kW) 16 22.57
Load factor A8 A8

Tirne Step Size: 60 minutes

Capital cost ($):

Lifetime (yr):

Tirmestep (%) 0

Load Type:  ®) AC DC

Peak Month: None

Scaled Annual Average (kWh/day): 259.56 @ -I

SAVE YOUR WORK! File->Save->My Lesson B1

Lesson B2: Importing load data

Import a year of load data
Understand load importing options
Replace a synthetic load with an imported load

Lesson B2: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:

1. Load: Replace the existing load by removing load and import a new load using the “Lesson B2 Importable
Load.dmd” provided. Select year 2021 for the imported load.

\2
\Y
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O Name: | Electric Load #1 Remove
ELECTRICLOAD @ ==
January Profile Daily Profile Seasonal Profile

Hour Load (kW) 20 30 5
0 1
1 104 " ]

g 2 10 z
2 1.05 104
3 102 2
4 1.03 0 d
g TS 3 & D
5 Ao O Mmoo e N L FELLLSTTPLL T &
6 2.1 Yearly Profile
7 39 25 kw
8 10.05
9 9.92
10 10.04
2 o Value: 9.06 kW o
Thursday, 05 April 2007 10:00 AM T 0kw
12 9.69
Day of Year
Show All Months_. Metric Baseline Scaled Efficiency (Advanced)
Average (kWh/day) 184 184 Efficiency multiplier:
Time Step Size: 60 minutes g Y 2/ 3
Average(kW) 767 7.67 Capital cost (3):
Random Variability Peak (kW) 2257 2257 s
ti ]
Day-to-day (%): 8.963 Load factor 34 34 tietime. ()
Timestep (%): 8.934
Peak Month: August Load Type: (®) AC D¢
Scaled Annual Average (kWh/day): 184.00 @

SAVE YOUR WORK! File->Save->My Lesson B2

Lesson B3: Manually size a generator (first approximation)
e Manually size a generator to serve a load
e Change fuel price
e Carefully examine fuel and O&M costs
e Check for excess electricity
e Generate a plot to understand the effect of an oversized generator

Lesson B3: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

If you'd like to start with a provided model instead of your own, you may use the “My Lesson B2.homer”
available in the files for this lesson.

Unique parameters for your model:
1. Component: Generic 50 kW Fixed Capacity Genset
a. Use the default cost assumptions from the HOMER Pro library.

&';‘:4 homerenergy.com 10
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Generic 50kW Fixed Capacity Genset ™

PROPERTIES

Mame: Generic 50kW Fixed Capacity Genset

Abbreviation: Gen50

Capacity: 50 kW

www.homerenergy.com

Motes:
Add Generator
2. Diesel Price: 1.2 $/L
Generator Cost
Initial Capital ($) 25,000.00
Replacement () 25,000,00
Q&M ($/op. hour): 1.500
Fuel Price ($/L): 1.2

SAVE YOUR WORK! File->Save->My Lesson B3

Lesson B4: Manually size a generator (2" approximation)

Continue to improve on manually sizing a generator based on information gained in B3
Set generator cost and performance parameters

Remove a generator from a system

Compare system performance with a smaller generator

?XJS homerenergy.com
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Lesson B4: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Component: Generic 25 kW Fixed Capacity Genset

Initial capital (S) Replacement (5) O&M (per hour) (8)
13750 13750 1.000
Cost per 550 550 0.04
kW:
2. Component: After reviewing results, remove the more expensive generator
Gen50 AcE\eclMd #1 I§ Add/Remove Genernic 50kW Fixed Capacity Genset Generic 25kW Fixed Capacity Genset
IE J w | il Remove
D 12400 EWh/d GENERATOR m Name: | Generic 25kW Fixed Capac|  Abbreviation: | Gen25
2257 kW peak E Copy To Library
G;_ni‘i Properties Generator Cost Optimization
'i Name: Generic 25kW Fixed Capacit Initial Capital ($): 13,750.00 5, Simulate systems with and
c o 25 kW without this generator
apacity: : ; .
Fu:: Dieect Replacement (3): B'?SD'Dd Include in all systems
SUGGESTIONS: Fuel curve intercept: 0,825 L /hr Q&M ($/op. hour): 1.000

— Fuel curve slope: 0.273 L /hr/kW Fuel Price ($/1): 12
(_!') Add a renewable energy source !

" Emissions

CO (g/L fuel): 16.34

Unburned HC (g/L fuel): 0.72

Particulates (g/L fuel): 0.098

Fuel Sulfur to PM (%): 2.2 Electrical Bus

NOx (g/L fuel): 15.359

AC DC
Site Specific
Minimum Load Ratio (%): 25.00 @ CHP Heat Recovery Ratio (%): | 0.00 @
Lifetime (Hours): 15,000.00 @ Minimum Runtime (Minutes): | 0.00 @
] Initial Hours
Results
Architecture
i i ¥ 2- . A
| | G0 | GN23 | pycnatch 7 h.f.c oV Cov
(kW) (kW) (%) (%)
: 25.0 CC £687 376 $0.792
= m 500 25.0 cC §706,536  50.814
= 50.0 cc $1.08M §1.25
SAVE YOUR WORK! File->Save->My Lesson B4
Lesson B5: Quickly size PV, battery, and converter
e Refine the size of the components in your model
e Understand battery string size in HOMER
\/
gf? homerenergy.com 12
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e Compare and understand PV resource types

e Understand how the search space works and impacts your optimization
e Look at how PV components interact with buses

e Understand renewable fraction

Lesson B5: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:

1. Component: Generic 1 kWh Lead Acid Battery
a. Use the default cost assumptions from the HOMER Pro library.
b. Adjust the battery inputs so that you have a 24V battery bus

Remove

STORAGE @“ w Name: | Generic 1kWh Lead Acid Abbreviation: | TkWh L

Copy To Library

Properties Cost Sizing

Kinetic Battery Model Quantity Capital Replacement Q&M &) HOMER Optimizer’
Nominal Voltage (V): 12 () (8) ($/year) Search Space
Mominal Capacity (kWh): 1 1 300,00 300.00 10.00 Advanced

Maximum Capacity (Ah): 83.4 o
Lifetime

Capacity Ratio: 0.403 More...
Rate Censtant (1/hr): 0.827 time (years): 10.00 {-}
Reundtrip efficiency (%): 80 X I
Maximum Charge Current (A): 16.7 throughput (kKWh): &00.00 S
Maximum Discharge Current (A): 24.3
Maximum Charge Rate (&4/Ah) 1 Site Specific Input
String Size: 2 Voltage: 24V
Initial State of Charge (%): w00 | (B
www.homerenergy.com
I I Mini State of Ch. o) 40,00
This is a generic 12 volt lead acid battery inimum State of Charge (%} @
with 1 kWh of energy storage.
Generic )g" HOMER
homerenergy.com N nergy
[ Minimum storage life (yrs) Maintenance Schedule...

2. Component: Converter
a. Use the default cost assumptions from the HOMER Pro library.
b. Use the search space and size the converter to meet the peak, as shown in the lesson.

\2

R/
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Costs Capacity Optimization
Capacity Capital | Replacement| O&M HOMER Optimizer
(kW) (%) (%) (S/year) & Search Space
1 $300.00 £300.00 50.0 b4 Size (KW)
Click here to add new item 22
24
26
Multiplier: @ @ @
3. Component: PV
Capital Replacement O&M
2500 2000 10

Add/Remove Generic flat plate PV

pv AW

Mame: | Genenic flat plate PV

Properties Cost

Mame: Generic flat plate PV Capacity Capital
Abbreviation: PV (kW) (%)
Panel Type: Hat plate 1 2,500.00
Rated Capacity (kW): 1 Lifetime
Manufacturer: Genenic time (years):

www.homerenergy.com
Motes:
This is a genenc PV system.

Site Specific Input

Derating Factor (%)

Add a solar GHI resource

SAVE YOUR WORK! File->Save->My Lesson B5

Remove

Abbreviation: | PV

Copy To Library

Sizing
Replacement Oam # HOMER Optimizer™
(%) ($/year) Search Space
2,000.00 10.00 Advanced
More
2500 ©
Electnical Bus
80.00 @ AC (=) DC

Lesson B6: Refine converter size

e Refine a converter using the search space

e Learn to move from coarse to granular in sizing

e Check to see if you need to expand the search space

e Determine how converter size impacts costs and performance

e Compare the search space approach to the Optimizer approach

e Examine the impact of changing converter size on battery size

&W{A homerenergy.com
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Lesson B6: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Component: Converter (existing)
a. Using the Search Space, adjust the search space based on the ability to purchase a converter in
increments of 4kW.

Properties Costs Capacity Optimization
Capacity Capital | Replacement| O&M imi
Mame: System Converter I|~J| § o e B HOMER Optimizer
SLLE 1 \3/year) # Search Space
Abbreviation: Converter 1 $300.00 £300.00 S0.0 b4 Size (kW)
www.homerenergy.com Click here to add new item 12

16
20
24

Notes:
This is a generic system converter.

Multiplier: ®) ®) (®)

SAVE YOUR WORK! File->Save->My Lesson B6

Lesson B7: Refine design further

e Use the search space to refine the design of components already sized with the Optimizer
e Select a controller and compare controller approaches
e Understand outcomes to properly sized design

Lesson B7: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
Review the results of the existing model
1. Component: PV (existing)
a. Adjust search space based on 2kW larger and smaller than the PV size in the existing Overall Winner
system

‘:;? homerenergy.com 15
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pv A

Name: | Generic flat plate PV Abbreviation: | PV
Properties Cost
Mame: Generic flat plate PV Capacity Capital Replacement
Abbreviation: PY (kW) (3) ®)
Panel Type: Flat plate I 2,500.00 2,000.00
Rated Capacity (KW): 1 Lifetime
Manufacturer: Generic time (years): 23.00
www.homerenergy.com
MNotes:
This is a generic PV system.
Site Spedific Input
Derating Factor (%): 80.00

2. Component: Storage (existing battery)
a. a.
Overall Winner system

Remove

Copy To Library

Sizing
HOMER Optimizer™

& Search Space
kW
0
37
39
41

O&M
($/year)
10,00

@

More...

Electrical Bus

AC = DC

©@

Adjust search space based on 1 string larger and smaller than the battery size in the existing

Remove
STORAGE @“ = Mame: Generic TkWh Lead Acid | Abbreviation: | TkWh L
Copy To Library
Properties Cost Sizing
Kinetic Battery Model CQuantity Capital Replacement Q&M HOMER Optimizer’
MNominal Voltage (V): 12 " () (S) (8/year) %) Search Space
NDIT_IIHE' Capamt}_f [k'n'u'h]: 1 1 300.00 300.00 10.00 #
Maximum Capacity (Ah): 83.4 o 0
Capacity Ratio: 0.403 Lifetime More...
Rate Constant (1/hr): 0.827 time (years): 10.00 @ 2
Reundtrip efficiency (35): 80 80
Maximum Charge Current (4): 16.7 throughput (kWh): £00.00 @ 81
Maxirmum Discharge Current (A): 24.3
Maximum Charge Rate [(A/AR): 1
Site Specific Input
String Size: 2 Voltage: 24V
homerenergy.com Initial State of Charge (%): 100.00 @
This is a generic 12 volt lead acid battery Minimum State of Charge (%): 40,00 @

with T kWh of energy storage.

3. Component: Converter (existing)

a. Adjust search space based on 4kW larger and smaller than the converter size in the existing Overall

Winner system

Properties Costs Capacity Optimization
Capacity | Capital | Replacement| Q&M HOMER Optimizer
Name: System Converter (kW) ($) $) ($/year) § Search Space
Abbreviation: Converter 1 $300.00 $300.00 50.0 b4 Size (kW)
www.homerenergy.com Click here to add new item 0
12
Motes: 16
This is a generic system converter. 70
Multiplier: @ @ @
4. Project Search Space:
N
%’004 homerenergy.com 16
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a. Expand the Search Space for all components until you have confirmed that you have found the

optimal size. You should still adhere to the accuracy (granularity) listed above for each component.

I Search Space

You can also edit these inputs for each component individually in each
component page. The lower table sumarrizes the results of the optimization if
they have been calculated.

< |

Converter PV TEWh LA
Capacity EEF'EEf Size Strings =
) Capacity (W) ®
(kW)
Optimizer Optimizer Optimizer
] 0 ] 0
12 25 a7 749
16 39 80
20 41 81
|
Jverall Winner Category Winne | Calculate OK
Converter Py 1kWh LA -
Capacity EEF'EEf Size Strings 5
) Capacity (W) #
(kW)
Optimizer Optimizer Optimizer
0 0 0 0
4 25 37 77
8 39 134
12 41
16
| 20
24
ol L ]

SAVE YOUR WORK! File->Save->My Lesson B7

&"‘:4 homerenergy.com
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Lesson B8: Sensitivity analysis on chosen design

Use sensitivity analysis to determine how a selected design’s economics will change when the discount
rate is adjusted

Generate reports in HOMER

Export an input report

Understand nominal discount rate, expected inflation rate, and capacity shortage penalty
Understand relationship between discount rate and net present cost

Understand internal rate of return

Lesson B8: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Project search space:

a. Delete all component sizes except the component sizes from the Overall Winner of the existing

model

2. Economics: Inflation rate: 5

3. Economics: Discount rates:

Discount rate
8
4
12
_—
ECONOMICS o '@-‘ MominalDiscountRate (32) n
Mominal discount rate (%]: 8.00 @ Varizble: NominalDiscountRate (%)
Expected inflation rate (%): 2.00 @ Link with: | <nones> -
Values: : : -
Project lifetime (years): 25.00 @ s [ch;mmaIDscou =
System fixed capital cost (5): 0.00 @ 8
4
System fived O&M cost ($/yr) 0.00 @ -
Capacity shortage penalty (3/kWh): | 0.00 @
Currency: | US Dollar ($)
oK Cancel
SAVE YOUR WORK! File->Save->My Lesson B8
X[
£» 4 homerenergy.com 18
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Lesson C1: Create grid-connected net metered PV

Model net-metered PV

Understand net metering and options for net purchase calculations in HOMER

Determine net energy sales to grid

Understand how PV production meets load versus sales to grid
Understand grid results in HOMER

Examine impact of seasonality on grid/PV interactions

Lesson C1: Trainee model

Start a new model, and using the input parameters here, build a slightly different version of the model you saw

built in the lesson presentation.

Unique parameters for your model:

Unless otherwise specified, use the default economic cost assumptions from the HOMER Pro library.

1. Location: Sydney NSW, Australia

a. Download Solar Resource

110-140 King St, Sydney NSW 2000, Australia ( 33°52.1S 151“12.

Y.

5000 km

Sydney NSW, Australia Location Search

(UTC+10:00) Canberra, Melbourr *

2. Load: Select a pre-defined load built into HOMER Pro

a. Load type: Commercial
b. Peak month: January
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Foundations of HOMER Pro: Student Training Guide

Create a synthetic load from a profile:

Peak Month: * January July MNone

Profile: Commercial
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3. Component: Grid

KW

a. Grid price: 0.2

b. Turn on Net metering with net purchases calculated monthly

ADVANCED GRID ‘—E—*' Name: | Grid

Remove
Abbreviation: | Grid
[ *) Simple Rates

Real Time Rates

Copy To Library

Scheduled Rates Grid Extension ] Grid v

Parameters | Emissions
Simple Rates @
| Net Metering
Grid Power Price ($/kWh): 0.200 @
*| Net purchases calculated monthly.

Grid Met Excess Price (3/kWh): 0.050 @

Net purchases calculated annually.

4. Component: Generic flat plate PV

a. Putthe PV component on to the AC bus
Cost Matrix | Capital Replace | O&M
1 $3,000 $2,500 $10.00
100 $240,000 | $200,000 $800.00
R
PV q Name: | Generic flat plate PV Abbreviation: | PV =
= Copy To Library
\ Sizing
@ CostTable — O X | & HOMER Optimizer™
=Y, Cost Curve Search Space
Advanced
Capacity | Capital | Replacement, O&M
(W) (%) (8) ($/year)
1 3000 2500 10 b4 $200,000
|10’0 240000 200000 800 b4 ‘-T‘On $150.000
Click here to add new item =~ 510,000
$50,000 -
s i Electrical Bus
M It' I' ' 0 T T T T T T T T T 1
e @ @ @ 0 1020304050 60708090100 S AC L DC
Lifetime
kW b
i : 25.00
fme (years) g @ = (Capital === Replacement Advanced_
Ok
N
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SAVE YOUR WORK! File->Save->My Lesson C1

Lesson C2: Sensitivity on net excess price

e Model PV so that annual PV production that exceeds local annual energy needs is sold at a different

price

e Input different grid net excess prices

e Examine impact of grid net express prices on net present cost
e Understand the “maximum net grid purchase” constraint in HOMER

Lesson C2: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of

the model you saw built in the lesson presentation.

Unique parameters for your model:

1. Component: Grid (existing)

a. Grid Net Excess price:

Grid Net Excess
Price
0
0.05
0.1
0.15
el Remove
ADVANCED GRID “H+ Name: | Grid Abbreviation: | Grid
J S Copy To Library
# Simple Rates Real Time Rates Scheduled Rates Grid Edtensien] Grid

Parameters | Emissions

Simple Rates @
Grid Power Price ($/kWh): 0.200

Grid Net Excess Price ($/kWh): 0.050

@ #| Net Metering

# Net purchases calculated monthly.
@ Met purchases calculated annually.

Sellback Rate (5/kWh)

Variable: Sellback Rate ($/kWh)

Link with: | <pnones

Values: Sellback Rate
(8/KWh)

0.05
0.1
15

oK

ni

Cancel

SAVE YOUR WORK! File->Save->My Lesson C2
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Lesson C3: Create a system with a feed-in-tariff
e Model PV such that any production that exceeds the current load demand is sold to the utility at a fixed
price
o Define feed-in-tariff, surplus product
e Understand differences between net metering and feed-in-tariffs
e Examine relationship between sellback rate and renewable penetration

Lesson C3: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Component: Grid (existing)
a. Net Metering: OFF

Remave

n y
ADVANCED GRID -~ |‘5‘|| > Mame: | Grid Abbreviation: | Grid

] Copy To Library

[ % Simple Rates Real Time Rates Scheduled Rates Grid E:-:ten:ion] Grid v

Parameters | Emissions

Simple Rates @

Net Metering

Grid Power Price ($/kWh): 0.200 @ h
Met purchases calculated monthly.
Grid Sellback Price ($/kWh): 0.000 @ Net purchases calculated annually.

SAVE YOUR WORK! File->Save->My Lesson C3

Lesson C4: Design grid-connected solar + storage
e Design a solar PV and battery system to increase local PV energy usage
e Learn how to determine under what conditions a battery is an economical option
e Learn how to turn off grid sales in HOMER
e Examine and compare what impacts the inclusion of storage in a PV system

Lesson C4: Trainee model

Continuing with your previous model, and using the input parameters here, build a slightly different version of
the model you saw built in the lesson presentation.

Unique parameters for your model:
1. Component: Grid (existing)
a. Grid sellback price: o
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2. Component: Generic 1 kWh Lithium lon battery
a. Use the default cost assumptions from the HOMER Pro library.
b. Cost multipliers

Capital Replacement
1 1
0.5 0.5
0.1 0.1
1kWh LI: Replacement Cost Multiplier (%) n

Variable: 1kWh LI: Replacement Cost Multiplier (%)

£

Link with: | 11kWh LI: Capital Cost Multiplier (%), 1kWh LI:

i Values: L 1kWh Ul -
Replacement Ct | Capital Cost My =
] )
1 1
0.5 0.5
0.1 0.1 -
1
OK Cancel |

3. Component: Converter

a. Use the default cost assumptions from the HOMER Pro library.
4. Economics: Nominal Discount Rate:

Nominal
discount rate
0o
ECONOMICS © €)
- MNominalDiscountRate (%) H
Meminal discount rate (%): 8.00 @
Variable: MNominalDiscountRate (%)
Expected inflation rate (%): 2.00 @ Link with: | <nanes ”
Project lifetime (years): 25.00 @ Values: MominalDiscou |
(%) 4
System fixed capital cost (8): 0.00 @ TO.
System fixed O&M cost ($/yr) 0.00 @ 6
2
Capacity shortage penalty ($/kWh): | 0.00 @ ~
Currengy: | US Dollar (8) | e Eancel

5. SAVE YOUR WORK! File->Save->My Lesson C4
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Definitions

Autosize genset

A generic generator that is set to be 110% of the peak load.

Bus

A part of a power system that carries energy between components or to a
load. HOMER has four buses: AC, DC, Thermal, and Hydrogen.

Category (also
called system type)

A set of system designs with the same set if component types (e.g. diesel-only,
diesel+battery, solar PV fuel saver)

Category winner

The lowest cost of energy system within a particular category.

Component A piece of equipment that produces and/or manages energy and power in
HOMER

Controller The set of hardware and sometimes software that controls the operation of a
power system

Converter A component that converts power between alternating current (AC) and DC
(direct current) parts of a system. This is a simplification that can represent
either an inverter (DC to AC), a rectifier (AC to DC), or a bidirectional inverter

Cost matrix HOMER'’s input area where you specify the cost for a component’s capacities

Dmap 3-D graph showing one year of time series data, with time of day on the

vertical axis and day of the year on the horizontal axis. Each time step is
represented by a rectangle colored according to its data value. A variant of a
heat map.

Hybrid system

A system that uses multiple component types to serve a load

Load The amount of power required at an end point. HOMER Pro manages 3 types
of loads — electric, thermal, and hydrogen. The term “load” used alone in
HOMER applies to an electric load, measured in kW per unit of time.

Load type The type of load being served. HOMER offers four basic load “types” for those

who do not have detailed data on how their load is distributed in time:
residential, commercial, industrial, and community (residential plus
commercial). See also: synthetic load, peak load, peak month

Microgrid or mini-
grid

An electric system that can autonomously use components to reliably serve a
load. Although the distinction can vary, a microgrid typically includes a grid
component, whereas a mini-grid typically does not (i.e. it is remote).

Net present cost

A finance term representing the present value of all the costs of installing and
operating that component over the project lifetime, minus the present value
of all the revenues that it earns over the project lifetime. HOMER calculates
the net present cost of each component of the system, and of the system as a

whole.

O&M costs Operations and maintenance costs. The total cost associated with operating
and maintaining a particular component in a power system, usually on an
annual basis. For a grid-based system

Optimizer HOMER'’s proprietary tool for numerically solving and finding the least-cost

system design
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OST Plot

Optimal System Type Plot. A HOMER output plot that demonstrates how
system categories change over the range of values in a 2-dimensional
sensitivity analysis

Overall winner

The lowest cost system of all systems that HOMER considered.

Peak load The maximum load for all time periods.

Peak month The month in which load is greatest. This is related to climate, and is used to
synthesize a load.

Schematic Diagram that shows the various components and loads that HOMER will

consider in a model, found in the upper-left of HOMER Pro’s design view

Search space

The possible sizes/capacities for a component

Sensitivity variable

An input that could be multiple values. In HOMER, these are inputs that the
designer cannot control, for example the price of fuel or the interest rate.

Synthetic load

A load that is based on estimated, rather than measured, data. HOMER
provides tools to help users specify synthetic data to develop a full year’s load.
This is in contrast to imported or interval data.
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