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PA Act 129

• Pennsylvania Act 129, passed in 2008, sets various 
targets for energy reduction by the state’s utilities:

– Overall MWh reductions of 3% through energy efficiency and 
conservation programs.

– Reduction in peak demand of 4.5% by May 2013, based on the 
average of the top 100 hours in the summer of 2007.  
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• There are potentially significant financial penalties if the 
targets are not met.



Peak Reduction Target

• For PPL, this results in the requirement to reduce 
demand by 300 MW on average for the top 100 load 
hours in the summer of 2012.

– In implementing the programs, PPL has elected to double 
the load reduction for half the number of hours (i.e., 50 
hours).

• This will be met through a combination of programs, 

2011 PPL Electric Utilities Corporation 3

• This will be met through a combination of programs, 
including:

– Direct Load Control
– Load Curtailment
– Appliance recycling
– Efficient Equipment Incentive Program for I&C customers



The Trick – How do you know if you have a top one-
hundred load-day? 

• Forecast next-day and near-term system hourly demand
– Utilize a real-time neural network modeling framework

• Given forecast, determine if the day is likely to include 
some of the top one-hundred load hours
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• Call an event and execute demand response strategy for 
selected hours 
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Why the Top 100 Hours?

Top 100 Hours LMP - 1999
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Summer peak loads 
determine the 
Capacity Obligation 
for each EDC, so 
lower peaks should 
result in lower 
capacity costs.
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Remember 1999?  
Just a few hours in 
the summer have 
significantly higher 
prices than all 
remaining hours.  
Today, even fewer 
hours have 
significantly higher 
prices.



The Challenge

Temperature at Time of Top 100 Summer Hours 1999-20 10
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The Top 100 hours are 
completely a function of 
weather and weather from 
year to year is unpredictable.
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57 hours during past 12 years fell on 
August 2nd (4.75% of top 100 hours)

Top 100 Summer Hours by Date 1999-2010
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Top 100 Hours Normalized for Day of Week
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Top One Hundred Load Hour Days
(June 2007 to September 2010)

Need to focus on a 
relatively few days

2011 PPL Electric Utilities Corporation

•Other Days
•Top 100 Hour Days

Average Daily Temperature



Daily Peak Load vs. Maximum Daily Temperature

•MW

Each point represents one 
day from 1/1/2007 to 4/3/2011
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•Average Daily Temperature

•Weekday •Saturda
y

•Sunday

•Maximum Daily Temperature

• Relationship between peak-day and temperature are non-linear
• Much stronger correlation with average temperature than maximum temperature



� Feed forward Neural Net with a Single Output
� One Hidden Layer with Two Nodes
� Logistic Activation Function in the Hidden Layer
� Linear Activation Function in the Output Layer
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Forecast Day-Ahead and Near-Term Hourly Demand
Daily Energy and Demand Forecasted using ANN Models
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Why Neural Network Models Fit Load Data So Well
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Model Variables (The Xs)

• Interactive Nodes
– Maximum daily temperature
– Minimum daily temperature
– Dew point
– Lag temperatures
– Season, Day of the week, Hours of light
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– Season, Day of the week, Hours of light

• Linear Nodes
– Month
– Day of the Week
– Holidays
– Daylight Savings
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Daily Peak Demand Vs. Daily Average Temperature 
(Jan 2008 to May 2011)

Actual daily peak (MW)
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Predicted daily peak (MW)
Adjusted R2 = 0.97



Forecast Framework

• We can forecast near-term energy, demand, and hourly 
loads relatively well – given a reasonable weather forecast

– But it doesn’t tell us if we should call an event day or not

• Can we define the problem in terms of a probabilistic 
framework?
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framework?
– Probability that the next day will include the top 100 load hours
– Given expected load values and standard errors we should be 

able to construct a probability distribution and use this information 
to determine whether to call an event-day or not.
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Analysis

• Execute hourly load model with historical weather data
– Simulate 2010 hourly demand using weather data from 1995 to 2010
– Sixteen hourly load simulations (one for each year)
– Derive expected peaks and standard errors for probability model 
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Hourly Load Simulation Results (2004 – 2010)

• Problem – weather patterns are not random
– Expected load/weather conditions not much help in a specific year

hot summer
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cool summer



Top 100 Load Days

• Number of days you would have to call an event to catch 
all 100 top load hours.  Average = 17.
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Top 100 Load Days

• The ten highest summer 
peak days include on 
average 76% of the top 
100 load-hours

• For a “normal” weather 

2011 PPL Electric Utilities Corporation

• For a “normal” weather 
pattern, the ten highest 
summer peak days include 
80% of the top 100 load-
hours

• Focus on hitting the top-
ten summer peak days
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Top 10 Peak-Day Load Distribution

• 50% of the peaks 
are above 6,500 
MW

• 30% of the peaks 
are above 6,800 
MW
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MW

• There is a wide 
distribution even 
across the top-ten 
peak days which 
account for roughly 
15% of all summer 
peak days
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Peak-Day Average Temperature Distribution

• 6,500 MW is at 
approximately 
78 degrees 

• 6,800 MW is at 
approximately 
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approximately 
80 degrees
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Number of Top Ten Days Above 78 and 80 Degrees

• There are years in which 
all the top-ten load days 
are above 78 degrees 
(6,500 MW)

• There are also years in 
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• There are also years in 
which none or very few 
days are above 78 
degrees
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Percent of Peak Days between July 15 and August 15

• Most of the top-ten load 
days are likely to fall 
between the middle of July 
and middle of August

• Certainly means that at the 
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• Certainly means that at the 
beginning of the summer 
season you do not want to 
call too many events 
unless it is unusually hot
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So What Do We Know

• Most of the top-ten load days are likely to come between 
the middle of July and the middle of August

• Top-ten load day is not likely to occur on Friday or 
Weekends (unless it does – like this year)

• In most years an event-day should be called if the load 
forecasts is 6,800 MW or higher (average temperature 80 
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forecasts is 6,800 MW or higher (average temperature 80 
degrees or higher)

• Days with projected loads of 6,500 MW or higher are 
strong candidates for an event-day 

• If loads are less than 6,500 MW through the first half of 
July, may indicate a cool summer and that the load 
threshold for calling an event should be lower
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Rules Based Model

• Factors to consider
– Seasonal timing

• Early vs. late in the 
summer

– Temperature or  load 
trigger
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trigger
– Number of previous 

alerts called
• If several alerts have 

been called early in the 
year than raise the 
temperature/load 
threshold for future 
alerts
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Daily Operations

PPL created a web interface for daily monitoring of the forecasted 
load, forecast of temperatures, and current weather patterns.  Itron’s 
Metrix IDR is used for the hourly load forecast model.
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Daily Operations – Typical Problem

On July 18th, forecasting temperatures near 100 degrees by the end of 
the week with five days where peak loads exceeded 6,800 MW.  

At this point we had already called events for 6 days (32 hours).

Given we still have the peak summer period ahead, what should we do? 
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Performance to Date

• What we did for that week (July 18th to July 22)
– Called an alert every day (5 alerts, 28 hours) 
– Captured the system peak-day to date: 7,537 MW 

• Friday, July 22, max temp103 degrees, average temp 89.5 degrees

• To Date Results
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• To Date Results
– Called 11 event days  for 60 hours
– Captured 56% of the top 100 hours to date
– If no additional events are called, we would still have captured 

50% of the top 100-hours even if 35 hours exceed 6,651 MW
• Hopefully we are done for the summer
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Conclusions

• Given the nature of the problem can’t really address it using a 
meaningful probabilistic framework

– Can’t use an expected load forecast to evaluate probability of next-
day and near-term load forecast including top 100 hours.

• Weather patterns are not random – we seem to get cool summer 
or hot summer weather patterns with not much in-between.
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• Can assess qualitative information to help make reasonable 
decision

– Decision to call an alert based on load and weather forecasts, number 
of alerts already called, day of the week, where we are in the summer 
period, and gut feeling.

• Best strategy is to take next summer off
29


