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Modeling of Hybrid Power Systems
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Modeling Tools
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Modeling Inputs

Wind Resource
Electric Load

Thermal Load
Potential Load Growth
Economics



Wind Resource

Power = %% x air density X swept area
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Wind Resource
« AEA's Anemometer Loan Program
 Wind Resource Map
o Airport Weather Stations

Wind Class

[ 12

lﬂJ Met Towers Instaled by 6/05

DRAFT Wind Resource
01020 40 60 80 100

e e e Ml

k
i & ilingham
A iands Pogley i gportage Cresk

South J




Village Electric Load

e Take direct measurements

e Estimate based on historical
data in other villages
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AK Village Electric Load Calculator

Village Mame: Village Mame
Fopulation: 500 Description of Categories:
Category (1-5) 1 2 3 4 5

Median Household Income: 1|less than $26,000]  about 530,000 | more than $35,000 - -
K-12 Schoal: 2 Low Average High - -
Public Water System: 3 Level 2 Low Level 2 High Level 1 Low Level 1 Med | Level 1 High
Health Clinic: 2 Local Clinic |Sub-regional Clinic - - -
Communications: s Basic Advanced - -
# of Small Eusinessgs : 2 300 m Other
# of Large Commercial: 3 B Communications
# of Community Buildings: 4| m Health Clinic
# of Government Offices: 4| E 250 City/Government
Other (usually 1-5%). 5% | S Public Water System
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Vlllage Thermal Load

e Space Heat

e Hot Water




Village Thermal Load

 Estimate based on
energy audit
Information and
average temperatures

e Take direct
measurements




Economics

Capital cost of wind turbines and related
eguipment

Installation cost

Annual O&M costs

Inflation Rate

Cost of diesel fuel



Factors that Can’t be Modeled

Land Use

FAA

Avian Issues
Geotechnical Issues
Noise and Visual Impact
Community Acceptance



Feasibility Study Example

e Port Heiden, AK




The Computer Model

' File Wiew Inputs Oukpuks  Window  Help

A = :
aﬁ. IR
s .
3 - Equipment to consider Add/Remaove
AL
THE OFTIMIZATION MODEL FOR DISTRIEUTED POWER

« HOMER is available R | S
FREE at wey
www.nrel.gov/homer o

* Developed by the =
National Renewable :
=) T3
Energy Laboratory N Tl‘uarrnalLn:ugilhEr Eailer

» Other Models (Hybrid2 R«
and RETScreen)



http://www.nrel.gov/homer

Povver Outpt (ki)

&

Wind Turbines in Port Heiden
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Diesel Generators In Port Heiden
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Wind Resource in Port Heiden
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Thermal Load in Port Heiden
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Dump Load in Port Heiden
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PH estimate 2005 (kW)
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Electric Load in Port Heiden
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Economics of Port Heiden System
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Generator Control
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Uses for HOMER

e Optimization
- least cost solution
e Simulation
- simulate time step by time step
operation for the entire year
eSensitivity Analysis
- what If....?



Optimization for Port Heiden

Sensitivity Results Optimization Results |

Sensitivity variables

Wind Speed (mys) |?.? hd

Arctic Diesel Frice ($/L) |EI.F"EI hd

Double click on a system below for simulation results.

MY 00 Capital Multiplier|1 hd

FL100 Capital |

Ranked by lowest Total Net Present Cost

JLEE&BEB“W-ID[FUDD BEKWI | B0k 192k Initi;l Total COE | Ren.|School's Diesel|Arctic Diese
(kW) | (kW) | (kW) |  Capital NPC ($/kWh) | Frac. (L) (L)

P Wuclmciac 2 8 150 192 $2.850000| $4.765.854 | 0378 0.76 17.268 106.803
P eI T 86 150 192 SZ300000( $34823 032 0363 UHA 26,710 IESRE]
P Wucluciac 2 86 150 192 $2.691.000| $4.931.266 | 0392 055 20,508 125597
P Wucluciac 3 86 150 192 $3.096.000| $5.093.765 | 0404 0382 16.698 108.022
P Wucluciac 1 86 150 192 $2.336.000| $5.119.719| 0407 023 26,948 163.866
P Wucluciac 3 86 150 192 $3.400000| $5.128356| 0407 106 14.246 91,307

Cn O 86 150 192 $1.650000| $5236627 | 0416 000 17.974 236,720




Simulation for Port Heiden

Wind + Diesel Diesel Only

Wind Only

Village
Load

Electric

MMMMM



Levelized Cost of Energy ($/kWh)
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Sensitivity Analysis
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HOMER Is Versatile

 Quick analysis based on rough estimates

- Annual averages for resources and loads
- Cost per kW or unit for equipment

 Detailed analysis for project feasibility

-measured data at hourly or shorter time steps
- accurate price quotes and cost curves

 But never for design



HOMER Limitations

Load Growth

Diesel Price Fluctuations

Turbine Availability

Solution: Additional spreadsheet analysis
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