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9. Team Project & Summary

Charles Kim, “Lecture Note on Analysis and Practice for Renewable Energy Micro Grid Configuration,” 2013. www.mwftr.com

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 (Now)

`Team Project Demonstration/Presentation (Tomorrow)
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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 Mission/Goal:  Energy reduction, peak shaving, or zero-
energy system

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 Study – as realistic  and true as possible

a Load Profile Æ

` You may  have to 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}
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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 4

Charles
Rectangle

Charles
Rectangle

Charles
Rectangle



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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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

a Analysis Points:
`Site Identification Æ Mission or Goal

`Load study Æ Should match with the site and the goal

`Find the Solar Radiation, and give Sensitivity values

`Find the Wind Speed, and give sensitivity values

`Calculate and Check the Optimization results

`Check the Sensitivity Results

`Find the optimum results

`Find the components/devices locally available (Important)

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

`Also run the HOMER in the presentation
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Example 4 Cases

a Case 1: Neo-Power (2)
`Kwang Hyun Ahn
`Hyun Jun Lee
` Island 

` Zero-Energy

a Case 2: Green Campus (2)
`Hyun Wook Kim
`Yong Taek Oh
`Energy cost impact to the 

renewable source penetration 
to university campuses

`Cost of Energy

10



4 Cases - Continued

a Case 3: Renewable sourced 
pump system (2)
`Jae Bum Park
`Jung Woon Ahn
`Supply drinking water to a Mongol 

village

a Case 4: Yonhwa Island (3)
`Su Hyun Lee
`Suk Muk Hong
`Il Dong Kim
`Zero-energy energy self-

sustainability (Energy 
Independence)
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Case 1:  Zero-Power

a Site: Gapa-do Island
a Analysis of Carbon Free Island 

program for Gapa-do

An island between the main Cheju Island and Mara-do
130 households with population at 312
Peak load:  244kW
Existing Generation:

150kW Diesel Generator (x 3)
Annual energy:  1090MWh/yr

GAPA-DO ISLAND



Case 1 - Homer Simulation
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Case 1 - Simulation Input data

Load Profile



Case 1 - Simulation Result
a Case 1

- Diesel Generators Only (existing system) 

* CO2 emission : 1000 t/yr  

a Case 2

- Diesel Generator – WT – PV – Battery

* CO2 emission : 413 t/yr

Case 1 – System Output
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Country Carbon Tax

Denmark ㆍ1993: 50% Carbon Tax introduction
• 1996: Introduction of Carbon Tax on Natural Gas 
ㆍ Carb Tax:  $1 - 6/CO2.ton (2004)

Germany ㆍ1999:  Increased rate on the Special mineral oil tax on gasoline, PLG, and Natural Gas
ㆍCarbon Tax :  $ 0.5- 20/CO2.ton (2004)

United Kingdom ㆍ2001:  Taxation on LPG, cola, natural gas, and electricity
ㆍCarbon Tax: : $ 0.3- 2.5/CO2.ton (2004)

France ㆍCarbon Tax: As of 2004, under review after the verdict of violation of the constitution on 
General Tax on Pollution Activities (TGAP)

New Zealand ㆍCarbon Tax: $ 10.67/CO2.ton (2005) was approved by an act, however, the tax collected 
is currently being used to lower other taxes. 

USA (Colorado) ㆍFirst Carbon taxation in the US in April 2007.
ㆍCarbon Tax: $7/CO2.ton, which amount to $1.33$/m to each household.  Households 
with renewable installation could get reduction.  

Canada (Quebec) ㆍCarbon Tax: Taxation started in 2007 for petroleum,  coal, and natural gas, and the 
annual amount is expected to reach at $200M. 

Canada
(Vancouver)

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

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

Case 2 – Green Campus 
a Green Campus Feasibility Study 

for Korea University

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

a Available data: Real time 
measurement and display  of 
the Campus
`Average Power Demand = 10,435 

kW

`Peak Power Demand = 15,637 kW
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Case 2 – Load Profile
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Case 2 - Inputs
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Case 2 – Optimal Configuration
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Case 2 – System Output
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Case 2 – Sensitivity Analysis
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Case 3 - Solar/Wind Pump

a Site Information
`Location : Bayannuur, Bulgan, 

Mongolia (Lat : 47.83. Long : 104.44)

`Population: 1000

`Elevation : 850[m]

`Wind Speed : 10~12[m/s]

`Temperature : -42~30[℃]

a Post-analysis of the solar pump installed 
in 2010

a Bringing up improvement and simulation 
of the new design

a Approach
`Supplying power to a submerged 

pump from Solar and Wind energy 
sources and providing drinking water 
to the village folks. 24
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Case 3 – Water Flow

aWater Need per day: 1000 Gal

aInsolation: Full Sun Hour = 4.04

aQ(GPM)=4.2 
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Case 2 - Inputs
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Case 3 -- Optimization

aBest Combination: 

a2.2[kW] PV +  1[kW] Wind Turbine 
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Case 3 - Sensitivity Analysis

In consideration of the months

Between April and September,⇒ 3[kW] PV is most economical



Case 3 - System Report

29

Case 4 - Light to Yon Hwa

a Electrification of Yon Hwa island

a Area : 3.41㎢

a Number of households : 102

a Population : 199

a Location : Yeon Hwa Peak (212m)  Latitude 34.64 N, Longitude 128.35 E

a Costal Perimeter : 12.5㎞

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

a Transportation: 1 hour by ferry from Tong Young
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Case 4 - Inputs
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Case 4 – Configuration and Optimization
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Case 4 – System Output
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Team Project

aWe can do better this time

34
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35

Analysis and Practice for Renewable 
Micro Grid Configuration

- Summary
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Course Contents and Schedule 

a Day 5:December 27, 2013
⌧Team Project

• Hybrid Renewable System Design

⌧Team Presentation
⌧Summary and Conclusions
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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 Mission/Goal:  Energy reduction, peak shaving, or zero-energy system

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 Study – as realistic  and true as possible

a Load Profile Æ

`You may  have to 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}
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Team Project - Brief
a Analysis of a Hybrid Energy System (Grid 

may be connected)

a Site: Your (School or Company or 
resort or …)

a Objective: Find the optimum system with 
sensitivity analysis

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

a Project Lifetime: 20 years

a Fixed Cost: $10,000

a Load Profile 

a Resource data on your work 
location
`Solar Radiation {provide also 

sensitivity}

`Wind Speed {sensitivity} 38



Suggested Component Data – Wind and PV
a Wind Turbine

` Size: 30 kW

` Quantity: 10:    [0, 5, 10]

a PV Module

` Size: 200kW:    [0,100,200,300] kW

` Derating Factor: 90%

a Electrolyzer

` Size: 100kW:     [0, 50, 100] kW

` Lifetime: 20 years

a Fuel Cell

` Size: 200kW:   [0, 100, 200, 300] kW

a Hydrogen Tank

` Size: 2000 kg:    [0, 1000, 2000, 3000]kg

a Converter

` Size: 200kW: [0, 100, 200, 300]kW

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

a Analysis Points:
`Site Identification Æ Mission or Goal

`Load study Æ Should match with the site and the goal

`Find the Solar Radiation, and give Sensitivity values

`Find the Wind Speed, and give sensitivity values

`Calculate and Check the Optimization results

`Check the Sensitivity Results

`Find the optimum results

`Find the components/devices locally available (Important)

`Prepare Slides for team presentation 

`Also run the HOMER in the presentation
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Summary

a Energy Sources

a Smart Grid and Micro Grid

a Renewable Sources and Characteristics

aWind Energy Details
`Wind Speed

`Wind Turbine

a Solar Energy Details
`Insolation

`Power Conversion

a Resource Data: SWERA

a HOMER

a Stand-Alone Renewable System

a Grid-Connect Renewable System
41

Summary

aSimulation Software – HOMER (Hybrid 
Optimization Model for Electric Renewables)

aHOMER components

aHOMER optimization by NPC

aInput Requirements

aOptimization Results

aSensitivity Analysis

aExample Cases: Stand-Alone and Grid-
Connected

aTeam Project

42

Charles
Rectangle

Charles
Rectangle



Survey
a 1. My understanding in Micro Grid is:

a Very satisfactory ( ); Satisfactory ( ); neutral ( ); unsatisfactory ( ); very unsatisfactory 
( )

a 2. My learning gain in renewable energy sources and their 
characteristics is:
`Very satisfactory ( ); Satisfactory ( ); neutral ( ); unsatisfactory ( ); very 

unsatisfactory ( )

a 3. My learning gain in micropower system design is:
`Very satisfactory ( ); Satisfactory ( ); neutral ( ); unsatisfactory ( ); very 

unsatisfactory ( )

a 4. My learning gain in HOMER simulation is:
a Very satisfactory ( ); Satisfactory ( ); neutral ( ); unsatisfactory ( ); very unsatisfactory 

( )

a 5. After the course, my skill in designing a renewable energy system is:
a Much improved ( ); Improved ( ); I am not sure ( ); Very little improved ( ); Not 

improved at all ( )
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Thank You !

a Contact
`Charles Kim

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

`ckim@howard.edu

`ckimson@gmail.com
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