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Introduction

e \Wind Power is h|gh|y non dispatchable. Pacific Northwest Generating Capacity: 62,336 MW
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http://www.nwcouncil.org/energy/powersupply



BPA Balancing Authority Total Wind Generation, Wind Basepoint, and Oversupply Mitigation, Last 7 days
201un2014 - 27Jun2014 (last updated 26Jun2014 18:06:51)
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WIND GENERATION CAPACITY IN THE BPA BALANCING AUTHORITY AREA

Last update: 4/10/13. Chart displays sequential 5/17/12
changes in wind generation capacity in the BPA BA,
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Federal Columbia River Power System

* 31 Dams built over Columbia River
and its tributaries.

Owned and operated by — e
-- US Army Corps of Engineers fiy

-- Bureau of Reclamation T vanagum
Wash:_nmgton R'::" =

ortiand B e

Balancing Authority — Bonneville
Power Administration.

http://www.nwd-wc.usace.army.mil/report/colmap.htm 5



Comparison of Generation and Load

BPA Balancing Authority Load & Total Wind, Hydro, and Thermal Generation, Last 7 days
19]un2014 - 26Jun2014 (last updated 25Jun2014 21:37:16)
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Study of the Wind Power Variation

* Analysis important to determine impact of wind power variation on
the remaining power system.

» Statistical methods used for analysis-
-- Correlation Coefficient Analysis
-- Regression Analysis

* Analysis performed on data obtained from SCADA measurements
from 2007 to 2013 at an interval of every 5 minutes



Correlation Coefficient Analysis

* Correlation Coefficient Analysis to determine the strength of a
relationship.

» Correlation Coefficient calculated by —
R = SifSHSs

* Calculated for 30 days with a sliding window of one day.



Changes in Wind Power vs. Changes in
Hydro, Interchange & Thermal Power

Dielta Wind Powerws Detta Hydropower
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Regression Analysis

* Regression Analysis creates a mathematical model to determine
relationship between two variables.

* Regression Analysis calculated by —
Y = Bix + S




Regression Analysis and R?

* To determine the effect of wind power on the hydro, thermal and
interchange power -

APhydro = f1APwind + o
APthermal = f1APwind + o
APinterchange = f1APwind + fo

* R2to determine how well the line fits the data.



'R squared’ - Goodness of the fit

Delta Wind Power vs Delta Hydropower
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Data Density

Delta Wind Power
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Values of Beta for Changes in Wind
Power vs. Changes in Hydro,
Interchange & Thermal Power
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Values of Beta for Wind Penetration

Dalta 'Wind Power v Dialta Hpdroporasar

-

i i i i i i
00 2300 3000 3500 000 45000 5000
Wind Panetration (in MU
Deka ‘Wind Powar vs Daka Indarchange Power

y =140V +0 0BE32T

i i i i i

000 T500 000 3500 4000 45000
Wind Panetraticn (in MW

Cigtta Wind Power we Daka Thermal Power

y =01, E 54 55 #0 DOE07T

1500 2500 3000 500 4000 4500 5000
Wind Panetration (in MW

15



Conclusion

* Saturation of hydro power as a source of balancing reserve for wind
power.

* Slight increase in the use of thermal power to balance wind.
* Use of AC interchanges to export variability has greatly increased.

* Changes in the dynamics of power system with the addition of
wind power capacity.
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