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Time Series Plots and 
Daily Profiles
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Net Load Concepts
In this next set of slides, we will show how wind and load 

interact to create net load  
• Net Load is the instantaneous system consumer load, minus the 

generation output of wind and solar

• Net load is the amount of generation required from
dispatchable units

• The statistical analysis highlights net load, instead of the wind 
or solar output in isolation, because some amount of the 
variations in load, wind and solar tend to cancel

Key issues are:
• Coincidence of load, wind and solar

• Impacts on net load peaks and valleys

• Increases in ramp rates

Net load is also called “Load-Wind-Solar” or L-W-S in parts of this presentation
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Duration and Penetration
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Study Area Total Monthly Wind and Solar Energy
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Average Hourly Energy from Wind and Solar Over Entire Year
(30% In Area Scenario)

Study Area Percent Average Daily Wind and Solar Energy
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New Mexico Monthly Energy and Average Hourly Energy (Over Entire Year) 
from Wind and Solar (30% In Area Scenario)

New Mexico Total Monthly Wind and Solar Energy
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CO East Total Monthly Wind and Solar Energy
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Study Area Net Load Duration Curves
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Arizona Net Load Duration Curves
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Ariz Wind Output Duration and Penetration (30%)
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Average Daily Profiles
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All In-Study Area Average Daily Profiles Over Entire Year 
(30% In Area Scenario)
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Study Area Total CSPws and PV Daily Profiles Over Entire Year

Study Area Load and Solar Average Daily Profiles (10%)
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Study Area Load and Wind Average Daily Profiles Over Entire Year

Study Area Load and Wind Average Daily Profiles (20%)
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Profiles for Selected Periods
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Study Area Total Load, Wind and Solar Variation Over Month of April
(30% In Area Scenario)
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Study Area Total Load and Net Load (L-W-S) Variation Over Month of April
(30% In Area Scenario)

Substantial increase in net load variability (over load), 
driven largely by wind variation
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Load and Net Load (L-W-S) Variation Over Month of April for Selected Areas 
(30% In Area Scenario)

Variability can be very different across areas

Arizona April Load, Wind and Solar and Net Load
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Study Area Total Load Wind, Solar and Net Load for Typical Spring Day 
April 13th (30% In Area Scenario)
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Load Wind, Solar and Net Load for Study Area Peak Load Day 
July 24th (30% In Area Scenario)
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Period-to-Period 
Variability Analysis
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Variability Analysis - Deltas
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For a normal distribution of deltas, σ is related to the percentage of 
deltas within a certain distance of the mean

Statistics used to characterize variability:

• Delta (∆) – The difference between successive data points in a series, or period-
to-period ramp rate. 

Positive delta is a rise or up-ramp

Negative delta is a drop or down-ramp

• Mean (μ) – The average of the deltas (typically zero within a diurnal cycle)

• Sigma (σ) – The standard deviation of the deltas; measures spread about the
mean
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Average Daily Profile of Deltas for Selected Areas in October/Fall  
(30% In Area Scenario)
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Timing of Maximum Daily 1-Hr Positive Deltas for Study Area 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Hour of Day

M
on

th
 o

f Y
ea

r

Study Area Maximum Daily One-Hour Net Load Pos Deltas - 10%

4612 MW

4912 MW

4424 MW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Hour of Day

M
on

th
 o

f Y
ea

r

Study Area Maximum Daily One-Hour Net Load Pos Deltas - 20%

9901 MW

7594 MW

6865 MW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Hour of Day

M
on

th
 o

f Y
ea

r

Study Area Maximum Daily One-Hour Net Load Pos Deltas - 30%

15138 MW

10516 MW

8745 MW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Hour of Day

M
on

th
 o

f Y
ea

r

Study Area Area Maximum Daily One-Hour Pos Deltas - Baseline

3857 MW

3812 MW

3001 MW

2748 MW

-2500-0 0-2500 2500-5000 5000-7500 7500-10000 10000-12500 12500-15000

Impact of wind and solar on extreme deltas more pronounced 
in evening hours during winter, spring and fall



36

Study Area Total, Load Wind, Solar and Net Load for Oct 8th

(30% In-Area Scenario)
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Timing of Maximum Daily 1-Hr Positive Deltas for Arizona
(30% In-Area Scenario)
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Distribution of Extreme Hourly Net Load Deltas

Study Area Distribution of Large One-Hour Deltas
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Summary Statistics
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Net Load Variability with Increasing W+S Penetration
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Change in Max Delta (1-Hr Rise) with W+S Penetration
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Change in No. “Large” Deltas with W+S Penetration
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