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Course Contents and Schedule 
a Day 4

`HOMER Simulation 2
⌧Grid Data Details
⌧Grid-Connected System Design

`Team Practice
⌧Isolated or Grid-Connected Power System Design

a Day 5
⌧Team Presentation
⌧Summary and Conclusions



On SWERA
a 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
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SWERA

a 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. 
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Data Set

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

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

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

a 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.

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

a For Solar, NASA data exist for 22 years globally.
a Other data sets:  40-km data available for much of the world, and 10-km 

data for countries and regions.
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HOMER practice 2: Making a New file from scratch
a HOMER
a File > New
a Click “Add/Remove”
a Select: Primary Load, PV, Wind Turbine 1, Converter, and Generator1

a Click “OK”
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Load Data
a HOMER buttons appear        
a NOW click the load button
a Type in the load [kW] every hour period
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Load Profile Example

a Load Data Example
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How about Load Profile for this Mobile Security on Demand?

a 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

aSWERA
`Lat & Longs Æ Get Homer
`From the XLM data screen
⌧CTRL+S (save to a xlm file)

aNow with HOMER
`File>”Import XLM”
`Wind Resources are automatically filled
`Solar Resources are automatically filled
⌧Lat N, Long E Æ marking error
⌧But kWh/m2 is kept the same.
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Generator Information
a Now arrow appears 

from AC bus to load
a Click “Generator”
a Size: 5.0 kW
a Capital: $2000
a Replacement: $2000
a O&M: $0.02/hr
a Sizes to consider:      

0, 2.5kW, 5.0kW
a Minimum load 

capacity: 30%
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Wind Turbine Information
a Click Wind Turbine 1

a Quantitty:1
a Capital: $30000
a Replacement: $25000
a O&M: $500/yr
a Sizes to consider 

(Qty): 0, 1, 2, and 3
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Wind Resources

a Click Wind 
Resources Button

a Location of your 
choice
`Your small store
`Your side of street 

lights
`Your (future) 

vacation home

a Find Latitude and 
Longitude

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

a Type in the speed 14



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

$7000
a O&M: $0/yr
a Sizes to 

consider: 0, 
2kW, 4kW

a
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Solar Resources Information

aType in the solar radiation data 
obtained from SWERA
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Converter Information
a Converter (DCÆ AC)
a Size: 1kW
a Capital: $800
a O&M: $0
a Sizes to consider: 0, 1, 2 kW
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Diesel Resources Information 
a Fuel Price: $0.8/L
a Sensitivity Price: $0.8, 1.6, 2.4/L
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Simulation
a Optimization Result

a Electrical 
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Sensitivity Analysis
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HOMER – Example Equipment Cost
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HOMER – Input Summary Report

a 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. 
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HOMER – Simulation Result Report
a HOMER Produces A Report Summarizing The Simulation Results

` Just click the HTML Report button in the Simulation Results window:
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What is this message for?

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.
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HOMER: Grid-Connected Micro-Power system
a Place: A commercial/retail in 

Seoul/Cheonan/Byungchon
a This project investigates the options 

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

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

a Solar Resources: Actual data via 
Internet

a Wind Resources: Wind speed data
a Load: 35kWh/d and 4.5 kW peak
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Components and Constraints
a 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
a 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.

a Reliability:
`Maximum Annual Capacity Shortage: 0% [0.0, 0.1]
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Start HOMER
a New File
a Component and Resources

` Load, Diesel
`PV, Battery
`Wind  
` “System is connected to grid”
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Solar Resources
a Latitude, Longitude, Time Zone, Get Data of your location
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Wind Resources
a Type in Wind Speed Data
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Diesel Resources
a $0.5/L
a Sensitivity: [$0.3, 0.5, 0.7]/L
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Component: Load Input
a Type in hourly load [kW]
a [0000 – 1200]: 2, 2, 2, 2, 2, 7, 7, 2, 2, 4, 4, 7 kW
a [1300 - 0000]: 7, 7, 8, 8, 8,12, 12, 12, 12, 12, 8, 8 kW
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Component: Diesel Input
a 8kW generator
a Sensitivity: [0, 2, 4] kW
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Component: Grid Input

34



Component: PV Input

a1kW, $6900, $6900, $0/yr
a[0, 2, 4] kW for sensitivity analysis
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Component: Wind Turbine Input
a Generic 3kW DC
a Quantity [0,1, 2, 3] for sensitivity analysis
a Cost: $11000, $7000, $200/yr
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Component: Battery Input
a Rolls/Surrette 1156 Ah 6V
a Cost per unit: $1200, $1100, $50/yr
a Quantity [0, 10, 20, 30] for Sensitivity
a 1 per string
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Component: Converter Input
a 10kW
a Cost: $12500, $12500, $100/yr
a [0, 2, 4, 6, 8kW] for sensitivity analysis
a Inversion Efficiency 90%
a Rectification Efficiency 85%
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Other: Economics

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

` It represents balance of system and distribution system costs that cannot be 
allocated to a specific component.
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Other: System Control
a Simulation Time Step: 1 hr (60 min)
a Dispatch Strategies: 

`load following
`cycle charging

⌧Charge state set point: 80%
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Other: Constraints Input

aMax annual capacity storage: 0%  [0.0, 0.1] for 
sensitivity analysis

a Operating Reserve: 10% of hourly load
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Simulation
a Calculate: Optimization Result
a Categorized

a Overall
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Result: Electrical & Cash Flow
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Sensitivity Analysis
a Wind Speed (x) vs. Diesel Price  with 0% capacity shortage
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Sensitivity Analysis

a Diesel Price(x) vs. Wind Speed (y) with 0.05% capacity shortage
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Capacity Shortage Impact

46



Surface Plot View

a PV Array Capacity
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Surface Plot View
a Wind Power 
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Surface Plot View
a Grid Purchase
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What we have learned so far

aHOMER
`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

aWe are ready to do something more our own !!
`Team Project
`Team Project Demonstration/Presentation
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Team Design Project
a Design a Hybrid Energy System (Grid may be 

connected)
a Site: Work (School or Company or store) – team’s 

consensus
a Objective: Find the optimum system with sensitivity 

analysis
a Components: Grid (optional), Converter, Wind 

Turbine, PV panel, Fuel Cells, Electrolyzer, and 
Hydrogen Tank

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

`You may use your own load profile obtained 
from your work

a You need to provide resource data on your work 
location
`Solar Radiation {provide also sensitivity}
`Wind Speed {sensitivity}

51

Charles
Rectangle



Suggested Component Data – Wind and PV

aWind 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

aPV 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 52
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Suggested Component Data – Hydrogen
a 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

a 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

a 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 Cost/year: 0.5% of the Capital Cost
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Side Bar- Hydrogen Systems

a Electrolyzer system converts electricity into hydrogen by 
electrolyzing water

a Hydrogen is stored in steel tanks or geological cavern
a Reconverted to Electricity using 2 methods:

`Polymer Electrolyte Membrane (PEM) fuel cell
`Hydrogen Expansion Combustion Turbine
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Side Bar – Fuel Cell

aFuel Cell
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Side Bar - Hydrogen Fuel System Cost
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Side Bar - Nominal $/kWh Comparison
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Fuel Cell Modeling

a Fuel Cell In HOMER modeling:
`Pick a generator
`Type: DC
`Fuel: Stored Hydrogen
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Suggested Component Data – Converter

a Converter
`Size: 200kW: [0, 100, 200, 300]kW
`Lifetime: 20 years
`Efficiency: 90%
`Capital Cost: $1000/kW 
`Replacement Cost: 30% of Capital Cost
`O&M Cost/Year: 10% of Capital Cost

a 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

aAnalysis 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

60




