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Wind & Solar Energy - Today and 
Tomorrow



Xcel Energy Wind Farms Today

PSCo ï1735MW

SPS ï736MW

NSP-MN ï1591MW

Xcel Energy ï4062MW

Xcel Energy manages 

output from  4.1GW 

(2972 turbines) of wind 

energy across the 

three operating 

companies (NSP-MN, 

PSCo, SPS) and 

seven states (CO, TX, 

NM, WY, MN, SD, ND)

Forecast by end of 2011 Q3



Xcel Energy Wind Generation Growth

Â Xcel Energy has been the 
nationôs largest wind power 
provider for seven consecutive 
years.*

Â Current resource plans have 
5GW installed by 2015.

Â PSCo will be at nearly 2GW by 
the end of 2012.

Installed Wind Capacity (MW)

*American Wind Energy Association (AWEA); US Wind Industry 

Annual Market Report 2010
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Colorado Wind and Solar Today

PSCo ï1735MW

SPS ï736MW

NSP-MN ï1591MW

Xcel Energy ï4062MW

Wind = 1645MW

1109 turbines

Solar = 127MW*

7730 installations

*includes 27.4MW Utility Scale Solar PV 

at two installations

2x30MW utility scale solar facilities to be 

operational by end of 2011



Colorado Solar Generation Growth

Â HB10-1001 creates minimum 
retail distributed generation* 
requirement

Â Requirement is largely met 
through Solar Rewards 
program (current 99.4MW)

Â Solar Gardens legislation 
(HB10-1342) allows for 
community solar facilities 
(<2MW) to qualify as well.

Distributed Solar PV Capacity
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*Retail Distributed Generation - Must be renewable energy (wind, solar, bilmass, 

hydroelectric) installed on the distribution system. There are further requirments 

regarding the how much can be residential vs commercial/industrial, amount 

installed by year, etc



Renewable Energy Integration 
Challenges



Obligations and Resources Today

Â Net Load ïLoad less variable output generation.

Traditional Utility 

Paradigm

Mid -Merit

Baseload

Peakers Renewables

PSCo - April 26, 2010 to May 2, 2010
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Loads and Resources Today

Â Loads and Resources are forecast every working day for operational 
planning purposes. This is called day-ahead commitment.

PSCo - April 26, 2010 to May 2, 2010 Actual ïThick Line; Forecast ïThin Line
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Forecasts of loads, 

variable energy 

generation, and unit 

availability are inputs 

to the operational 

planning process. 

Typically 18 to 42 

hours ahead, but as 

much as five days.

Wind

Loads



Loads and Resources Today

Â Uncertainty is driven by the wind portfolio.

PSCo - April 26, 2010 to May 2, 2010

Mean Absolute Error

Load = 86MW

Wind = 245MW

Net Load = 240MW
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Solar Energy Integration

Â PV is the dominant technology 
on the system and will be for 
the near-term

Â Distributed PV is net-metered 
and small in scale resulting in 
thousands of installations with 
no real-time data access

Â PV is dramatically affected by 
cloud cover

Â Peak production from fixed-
axis installations match poorly 
with system peak needs

SunE Alamosa ïSingle Axis Tracking (7.1AC)

A
u

g
u

s
t 
4

, 
2

0
1
1

J
u

ly
 1

, 
2

0
1
1



Renewable Energy Integration 
Solutions



Loads and Resources ïA New Paradigm

High Penetration Portfolio

Balance Portfolio

Variable

Traditional Utility Paradigm (w/ some RE)

Mid -Merit

Baseload

Peakers Renewables

RE Forecasts are nice but donôt affect operations

RE is must-take

Fossil-based facilities operate to a define duty

New facilities chosen for least-cost energy

RE Forecasts drive operational decisions

RE is dispatchable

Fossil-based facilities are modified for flexible duty

New facilities chosen for least-cost energy w/ flexible 

optionality





Wind as a Percent of Customer Demand

In real-time, more 

wind means fewer 

dispatchable 

resources are on-

line to manage the 

variability. Those 

resources that 

remain on-line 

tend to be facilities 

designed to serve 

a specific duty. 

PSCO Wind as a Percentage of Obligation Load (January 2008 thru July 2011)

6/21/2011 HE 4 (45.4%)

4/13/2010 HE3 (38.5%)Oct 1, 2009 HE2 (36.9%)
Mar 23, 2009 HE3 (35.4%)

5/17/2011 HE4 (41.8%)
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Data Acquisition PI Displays

Thousands of data points are now streaming into PI from individual turbines and 

meteorological towers 
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Results

Â Forecast error reduced from 
2008/2009 levels.

É 2008 = 19.4%

É 2009 = 18.0%

É 2010 = 14.3%

Â $3.1M savings to PSCo 
customers in 2010 alone.
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Audit Curtailment Charges

Â Curtailment Charges

ÉEnergy Charge

ÉPTC Make Whole Payment

Â With wind speed and availability data, we were able 
to audit curtailment charges on a contract by 
contract basis.

Â Saved nearly $1.0M in PSCo in 2010.



Increase System Flexibility

ÉFort Saint Vrain (750MW natural gas combined-
cycle plant) made more flexible in 2010.

ÂOvernight minimum reduced by 300MW

ÂReduced turn-around time to 2hrs (from 8hrs)

ÉComanche 3 modified in Jan 2011 to turn-down 
an additional 95MW from 500MW to 405MW.



5/28/09 499mw ramp from 15:50 - 16:50 followed by a (511)mw ramp from 17:00 to 18:00  
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Wind AGC* & Flexible Generation

Wind AGC (turn-down) 

when system cannot accept 

rate of change on ramp ups

Ensure sufficient flexible 

generation is available 

to cover ramp downs

*Installed AGC at four Colorado 

wind farms in June 2011



Appendix-Facts

Â System wind output as percentage of load:

É PSCo ïPeaked at 45.4% Ob Load (6/21/2011 HE4) ïAverage Output 9.9% in 
ô09, 10.3% in ô10, 12.8% in ô11 (thru 7/26/2011)

Â System wind capacity:

É PSCo - 1,735MW Wind Capacity (forecasted by end of Q3 2011). Adding 
500MW (Cedar Creek 2; Cedar Point) in 2011.

Â Largest PSCo hour-to-hour ramps since 1/1/08:

É wind +985/ï758 MW 

É load +813/-1028 MW

É wind net load +963/-1257 MW 

Â PSCo average wind output during 5 highest peak loads:

É 2008 ï30% (peak day was 13%)

É 2009 ï14% (peak day was 31%)

É 2010 ï32% (peak day was 8%)


