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Solving the Current Challenges Requires a
Multidimensional View of Engineering Simulation
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Renewable Energy Worldwide

Global Electricity Consumption - 2010

Modern

Renewables
Global energy

W Nuclear 2.79%

Biomass/solar/

geothermal

hot water /heating 3.3%
Hydropower 3.3%

Wind/solar/biomass/
geothermal power
generation 0.9%

.
16.7 % pt

Biofuels 0.7%

Fossil fuels B0.6%

Total Power Generation 2011
5.36TW

1.36TW

Total Renewable Power 2011

Source: REN21 2012 status report:

http://www.ren21.net/REN21Activities/Publications/GlobalStatusReport/tabid/5434/Default.aspx
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Global Electricity Production - 2011

Foss=il fuels
and nuclear 79.70¢

Hydro-

power 15.3%

other 9.0%
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Note: Based on renewable generating capacity
in operation at year-end 2011.



Modern Renewable Energy Trends
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Wind Power Motivation

What is the Wind Power Potential in the US?
®* Onshore capacity ~10TW, offshore ~1TW

NREL Updated Maps:

Arzons (2003) Wind Resources and Transmission Lines
alifornia (2002) :

Delaware (2002)
Hawaii (2004)

Idaho (2002)

Illinois (2001)

Indiana (2004)

Maine (2001)
Maryland (2002)
Massachuselts (2001)
Michigan (2004)
Missouri (2005)
Montana (2002)
Nebraska {2005)
Nevada (2003)

New Jersey (2002)
New Hampshire (2001)
New Mexico (2003)
North Carolina (2002)
North Dakota (2000)
Ohie (2004)

Qregon (2002)
Pennsylvania (2002)
Rhade Island (2001)
South Dakota (2001)
Texas mesas (2000)
Utah (2003)

Vermont (2001)
Virginia (2002)
Washington (2002)
West Virginia (2002)

Transmission Lines

Wyoming (2002) Voltage (kV)
. 345 - 499
/\/ 500- 699
N/ 700-799
The remaining states use data from the 1987 A 1000 (DC)
“Wind Energy Atlas of the United States" Source: POVWERmap,
powenmap platts.com,
©2007 Platts, a division
of the McGraw-Hill
Companies
Wind Power Classification
Resource Wind Power Wind Speed ®  Wind Speed *
Potential Density at 50 m at50m ats0m
Wim? mis mph
Marginal 200- 300 6.6- 6.4 125-14.3
Fair 300- 400 £4- 7.0 14.3-157 U.S. Department of Energy
Good 400- 500 7.0-75 157-16.8 National Renewable Energy Laboratory
Excellent 500- 600 75- 80 16.8-175
Outstanding 600~ 800 80- 88 179-197
Superb 800 - 1600 88-111 19.7-248
®\Wind speeds are based on 8 Weibull k value of 2.0
19-APR-2007 189
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Wind Power Motivation

What are Wind Power Challenges?
* Onshore/Offshore

— Variability in wind speed

— Radar interference

— Transmission cost

— Harsh environment reliability

— Scaling up size for more power

Why is Simulation Important?

® Electrical

— As wind power is ramped up, the voltage and frequency of the grid becomes less
dependent on fixed sources and more dependent on wind dynamics.

* Mechanical

— As turbines increase in size and number, aerodynamic efficiency, securing
foundations and identifying vibration becomes very important.

* Reduce Risk / Increase Reliability
— Evaluate performance before issues arise
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ANSYS CAE for Wind Power
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Generator and shaft

Blade design design

Rotor Sizing

Tower design and FSI Site selection
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http://commons.wikimedia.org/wiki/File:Electricity grid_simple- North America.svg
Original source: http://www.ferc.gov/industries/electric/indus-act/blackout/09-06-final-report.pdf
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WSSl Electromagnetic Simulation

Power Transmission and Distribution
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ANSYS Multiphysics Solutions

: N
Q\NSYS Mechanlcaﬁ a ANSYS CED
Stress and Modal Analysis “ Wind Power Analysis

N
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Complete Turbine System Simulation
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AUWSESE Summary

* Renewable energy has a strong future in the global energy sector
* Simulation helps predict reliability and capability

* ANSYS tools enable simulation for complete systems from
generation, transmission, and distribution using comprehensive
physics from fluid dynamics, mechanics, and electronics
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