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i Peak load forecasting

= Peak loads are determined by several factors.
Weather is one of the most important factors.
In geographic areas with summer peaks,
peak loads usually happen during heatwaves.

= Important applications for peak load
forecasting:

= Planning and calculation of weather normalization
factors that can be done for geographic areas.

= Short-term load forecasts to control the system.



i Major topics covered In the talk

= Long-term peak load forecasting:

~ Next year load pocket forecasting software
that includes the computation of weather
normalization factors

= Short-term hourly load forecasting:
~ System forecasting

~ Distribution substation load forecasting and
transformer rating

~ Feeder load and overloading forecasting



i Factors for accurate forecasts

s Weather factors:

~ Temperatures, Dew point, Humidity, Heatwave
duration

> Wind speed/wind direction
» SKy coverage, Sunrise and sunset times

= Time factors:
~ Day of the week

~ Hour of the day
~ Holidays



i Annual Peak Load Forecasting

= Annual peak load forecasting and Weather
Normalization Factor (WNF) are important to
planning since peak loads impact capacity
requirements.

= In particular, load pocket peak forecasting Is
Important for local area planning.

= The focus is to forecast the annual peak
demand for distribution substations and
feeders.



i Model

A mixed additive-multiplicative model of the following
form was developed

L(t)=Lo(d(1),h(1)) + Ly(d(t),h(D))ef(w(D)) + u(t)

where:

= Ly(d(t),h(t)) is component independent of weather factors
= L,(d(t),h(t)) is the weather normalized load factor

= d(t) is day of the week, h(t) is hour of the day

= L(t) is the original load

= f(w(t)) is the weather factor
= u(t) is the random error



Load Pocket Peak Forecasting

i Software

s For local areas, the software deals with two
types of load peaks:

() Peak load for the area
(i1) Load for the area on the system peak date

= The software analyzes load and weather data
for local areas.



Computation of Weather Normalized
Factor (WNF)

= In particular, the software calculates Weather
Normalization Factors

WNE =  Normal Load
Peak Load

= |t also provides the probability calculator for the next
year peak load distributions.



Outputs of Load Pocket Peak
Forecasting Software

+

Actual Load Shape by day of week and hour

Weather Normalized Load Shape by day of
week and hour

Actual Load vs Model Load scatter plot
Calculates Normalized Weather Parameters

Calculates Weather Normalization Factors
(WNFs)

Calculates System and Pocket Peak Load
Distributions



Scatter Plot of the Actual Load
i Vs the Model

Actual Load vs the Nodel
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Correlation Between the
‘Actual Load and the Model

rrelation between the Actual Load and the Model

Iteration




R-square Between the Actual
Load and the Model

Regression Output : R?
(defined as the proportion of variance of the response thatis predictable
from the regressor variables)

Ilteration




iActual Load Profiles

Actual Load Profiles
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Weather Normalization Factors

Weather Normalized Load Profiles
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System Peak Dates

) Select Calendar
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2013 Design Day (Salisbury)
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Pocket Peak Dates
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Weather Normalization Factors
Pocket WNFs

Babson: Pocket Peak Load

2013 Design Day (Salisbury)
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LOADS AND WNFS AT POCKET PEAK DAYS

YEAR |DESIGN DAY LOAD PEAK LOAD |WNF Date Hour
2007 291 3035 0.9588 7/22/2007 15
2008 308 3245 0.9492 7/6/2008 16
2009 316 300.5 1.0516 8/7/2009 16
2010 330 3453 0.9558 8/8/2010 16
2011 324 3268 0.9913 7/29/2011 17
2012 347 3418 1.0153 6/26/2012 17
2013 2927 2855 1.0251 8/8/2013 17

TRENDS

Year Trend

2007-2008 1.0584
2008-2009 1.026
2009-2010 1.0443
2010-2011 0.9818
2011-2012 1.0615
2012-2013 0.9428
2013-2014 0.9428




Peak Distribution Calculator

W
Babson - Pocket Peak Dates
2013 Desien Day (Salisbury)

50% quantile gives expected peak of 276 MW
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Peak Distribution Calculator (Cont.)
L ~ |

Babson - Pocket Peak Dates
2013 Design Day (Salisbury)

50% quantile gives expected peak of 276 MW
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Short-term Hourly Load
i Forecasting

= The focus of short-term load forecasting
was to provide hourly load forecasts (up
to 168 hours ahead).

= We developed efficient algorithms and
software implementation for short-term
load forecasting, which can be used for
calculation of daily peaks.



Short-term Load Forecasting at
i Different Levels

o . provide forecasts for the entire
region as the whole

o . provide
forecasts for a transformer or a set of
transformers (defined as load pockets)

o . provide forecasts for a particular
feeder and predict feeder overloading events.



Short-term substation transformer
load forecast and transformer rating

Load
™~ Load
. . Load _ Transformer
Forecasting |, Forecast }—p PTLOAD | Rating
Engine 4
Weather ""'" 1
F orecast Internet
#  Application

» After PTLOAD calculates the transformer ratings load forecasts as well as
these transformer ratings are delivered to some internet based applications.

» For substation transformer level load forecasting, the accuracy of the one-
day-ahead forecasts is around 4.5%.



Short-term feeder load forecast and
i overloading prediction

= Our model can be easily adapted to
provide feeder level load forecasting.

= The Mean Absolute Percentage Error
(MAPE) was around 6%o.

= The model can also be adapted to
predict overloading events during
heatwaves.



Cross table of actual & predicted
annual overloads (in hours)

False alarms are rare.

Ay,/tual \\
> normal | 95% to/100% <95% Total
rating normal rating | n | rating
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Sample system level load forecast

System Load Forecast (June 2-July 14, 2008)
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Sample substation transformer
load forecasts

6U-Bankl MW (8/1-7, 2011)
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Sample feeder level load forecast

6U-601 (8/1-7, 2011)
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‘L Sample Overloading Event 1

6RL—-765, 7/17/2006
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Overloading Event 2
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‘L Sample Overloading Event 3
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i Software Operation

= The software Is scheduled to run on the daily
basis at 8 AM from May 15 to September 30.

= First, it received and processed the 7-day weather
forecasts and actual weather and load information
on the previous day.

= Second, it computed the 7-day load forecasts and
identified potential overloading.

= Third, it sent out load forecasts, previous day
error summary, and overloading alerts via email to
the designated personnel.



i Future Directions

~ Integrate load transfers, contingency
events, new feeders, and other
configuration changes into the software

~ Provide the capability to produce load
forecasts on demand (e.g., address rapidly
changing weather forecasts)



