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INSTRUCTIONS - "THE GREAT BUILDING ENERGY PREDICTOR SHOOTOUT II:
MEASURING RETROFIT ENERGY SAVINGS"

I. OVERALL CONTEST PHILOSOPHY

Overview

Based on the overwhelming response to the first Building Energy Predictor Shootout a second predictor
Shootout has been developed to again compare how well different empirical models predict building
energy data from several new data sets and compare how those models can be used to calculate energy
conservation retrofit savings. ASHRAE's TC 1.5 and TC 4.7 have authorized a "Building Energy
Predictor Shootout II: Measuring Retrofit Energy Savings" which is the focus of this competition.

The results of this friendly competition will be published in an ASHRAE Symposium. All able bodied
building energy analysts are encouraged to participate. In order to facilitate this comparison before-after
data and selected site description data from two carefully chosen buildings that have received retrofits as
part of the Texas LoanSTAR program will be made available to the contestants and placed on the internet
for public access along with instructions about how to participate.

Each contestant will be required to prepare a predictive model for both buildings and submit their
predictions in the required format for comparison by the contest sponsors. The top contestants will then
be asked to write an ASHRAE paper to document their efforts and make a presentation at an upcoming
ASHRAE Symposium. There will be no monetary prizes, only the recognition that goes with being one of
the top contestants. All contestants are welcome to write ASHRAE papers as well.

Purpose/Objective

The purpose of the Predictor Shootouts have been to provide the building analysis community (as well as
the scientific community in general) with a clearly defined, scientific test of different methods of
predicting hourly energy use. Predictions of hourly energy use have been shown to be useful for
diagnostics and building energy retrofit savings calculations.

In the first Predictor Shootout the competition was a controlled competition that contained two data sets
and nothing else (i.e., no description of the building or other specific details about the data). Contestants
were asked to build empirical models using the training data set and predict energy use and solar
measurements data into the test data period. Predictions from the contestants were then evaluated by the
Predictor Shootout organizers, the top winners were announced and the specifics about the data sets were
made available so that the top contestants could write papers that detailed their modeling efforts. A
summary of the Predictor Shootout I can be found in the June 1994 ASHRAE Journal, as well as the
accompanying ASHRAE Transactions papers by the top six winners*.

The Predictor Shootout II has two objectives: first, to present two new data sets for contestants to build
models on and submit their predictions for evaluation, and second, to use the predictions to calculate the
savings from energy conservation retrofits that have been applied to the two buildings that have been
selected for the competition.

This second Predictor Shootout II differs slightly from the first Predictor Shootout because the data that
are being provided are from two buildings that have been retrofit for energy conservation. This makes the
prediction of energy use after the retrofit an unknown because there has been a permanent change to the
buildings. Hence there are no "actual" data after the retrofit to compare the predictions against.

* Overview papers concerning the Great Energy Predictor Shootout I can be found in Kreider and Haberl (1994a,
1994b). The six ASHRAE Transactions papers by the winning contestants are Feuston and Thurtell (1994), Iijima et
al. (1994), Kawashima (1994), Mackay (1994), Ohlsson et al.(1994), and Stevenson (1994).
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Therefore, in order to assess the accuracy of the contestant's predictions, portions of the energy use data in
the training data sets have been removed and will be used to evaluate how well the contestant's models
predict energy use during the period before the retrofits were applied. The two buildings that have been
chosen have been carefully screened to have at least seven months of baseline data and adequate post-
retrofit data. Data which have been removed from the training set have also been carefully selected to be
representative of the data remaining in the training set.

The contestants are being asked to build their best model of energy use during the training period, and to
use that model to forecast energy use during the entire training period (including those days when data
have been removed) and for the entire test period. The predictions will be evaluated for accuracy by
comparing them against the removed data during the training period (i.e., the baseline period or "pre"
retrofit period).

The predictions of energy use for both buildings during the testing periods will then be used to compare
the savings calculations of the different models. This comparison of savings calculations will also be
valuable to ASHRAE because it will show how well the savings calculations from simple models compare
to the more complex models.

Each contestant will be assigned a confidential reference number during the contest by the organizers. In
the same fashion as the Predictor Shootout I. Any general discussion of the results will only refer to the
contestants by number. Only the top contestants will be announced by name.

II. GENERAL INFORMATION

Overview >

This section contains the instructions on how to participate in the competition.

Entries: The competition will begin in June 1994 and will end on November 1st, 1994. Entries received
after that date will not be considered. The format of the entries described in the following sections must
be followed exactly, or the entry will have to be rejected (and/or resubmitted with the correct format).

Results: Following the close of the competition, the results will be analyzed and the winners announced.
All contestants will have their entries ranked according to their confidential entry number (notices will
also be sent to all contestants via mail or email). The actual data will then be posted on the FTP server
and contestants will be invited to write papers about their efforts for publication in the ASHRAE
Transactions. An ASHRAE Symposium will be scheduled for purposes of summarizing the competition
and to allow the top contestants to present their methods.

The results to be produced by the competitors are in the form of predictions of the dependent variables
(i.e., building energy use) for the removal periods in the "*.trn" training data set and the entire "*.tst" test
data set. These predictions will be submitted to the organizers who will evaluate them using the same
methods for all submissions. The following criteria will be used by the organizers for assessing the
respective accuracy of the entries when analyzing the training set predictions (i.e., c.trn and d.trn):
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Other statistics and graphical comparisons may also be reported in a brief summary assembled after the
closing of the contest. Only complete entries that provide the predictions in the proper format and a
description of the analysis method will be accepted as valid entries. Blackbox, or proprietary methods that
do not contain a sufficient explanation of how the method works will not be accepted.

Secrecy: This is intended to be a scientific comparison of different methods that can be used to predict
building energy use and therefore calculate savings from building energy conservation retrofits. It is
recognized that a great deal of effort may go into the development of the modeling techniques that are
used to predict the energy use and that the contestants may intend to later make these routines available in
a commercial package. Therefore, the full details of the inner workings of the model need not be revealed,
only sufficient information about the mathematics and/or procedures used in the model that will allow for
an independent verification such as would be warranted in a peer reviewed ASHRAE Transactions paper.
At a minimum each contestant must provide a proper flow chart and description of their methodology,
and the data files containing the predicted energy use in the proper format.

All contestants will be referred to by their assigned confidential number. Only the top entries will be
announced by name, and institution, etc.

Acquiring the Data

The data are resident on a FTP server at the Energy Systems Laboratory at Texas A&M University. They
can be accessed via the internet or by sending an unformatted MS-DOS compatible, 3-1/2", 1.44 Mbyte,
high density, double-sided diskette, (or 5-1/4", 1.2 Mbyte, high density double-sided floppy disk), and a
self-addressed, 9 x 12" envelope, with a $2.90 U.S. priority mail stamp affixed to:

Attention: Jeff Haberl, Energy Systems Laboratory, Mechanical Engineering Department, Texas A&M
University, College Station, TX, 77845-3123, PH#409-845-6065, FAX#409-862-2762,
jhaberl@loanstar.tamu.edu, JSH4037@TAMSIGMA

The internet access to the data is as follows2 (LoanSTAR's internet address is: 128.194.18.1):

First, login to the LoanSTAR FTP server (loanstar@tamu.edu) by typing:
"ftp loanstar.tamu.edu"

^ We are also in the process of setting up a description of the competition on the World Wide Web through the
ESL's homepage. This can be accessed via "http:/loanstar.tamu.edu/esl_home_page.html"
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Data Sets

Two data sets are provided from two different buildings in four files. The "*.trn, and *.tst" files contain
independent variables (i.e., weather data and time stamp) and the corresponding dependent variables (i.e.,
whole-building energy use) for the training (*.trn) and testing (*.tst) periods respectively. These data sets
are to be used by the contestants to build their models. Portions of the dependent variables (i.e., the whole-
building energy use) have been removed from the *.trn files and replaced with "-99." The independent
variables that correspond to the removed data remain in the *.trn file and should be used by the
contestants to predict energy use for the removed periods. The predictions of energy use for the removal
period will then be compared to actual removal data (known only by the contest organizers) to test the
accuracy of the contestant's model.
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The two "*.tst" files contain independent and dependent variables from the post retrofit period for each
building. The contestants are be required to use their baseline models to predict energy use for every hour
contained in the "*.tst" file and submit their predictions in the required format. Predictions in the post
retrofit period will be compared against other contestants predictions to see how large the differences are
in the savings calculations from one model to the next.

Submittals:

c.trn and c.tst data set These data sets represent data from the Zachry Engineering Center on the Texas
A&M University campus. The Zachry Engineering Center (ZEC), located at Texas A & M University,
contains 30,000 m2 (324,000 ft2) of classroom, office, computer center and laboratory facilities
comprising four stories with an underground parking garage. It was constructed in the early 1970s. The
building is a heavy structure with 0.15 m (6-inch) concrete floors and insulated exterior walls made of
pre-cast concrete and porcelain-plated steel. About 12% of the exterior wall area is covered with single
pane, bronze-tinted glazing. The windows are recessed approximately 0.61 m (2 ft.) from the exterior
walls, providing some shading. Approximately 288 m2 (310 ft2) of northeast-facing celestory windows
admit daylight into the core of the building.

The building is served by 12 dual-duct air-handling units located in the parking garage. Chilled and hot
water for the cooling and heating coils are supplied to the building by the campus physical plant. Two
multi-zone units and a dedicated centrifugal chiller serve a super-computing facility located within the
building. Manual operation of the secondary chilled and hot water pumps also affects the systems cooling
and heating capacity. Outside air dampers are permanently set to supply about 10% to 20% outdoor air
(Katipamula 1992) and do not operate on an economizer cycle.

The primary retrofit to the building was to replace the existing Constant Air Volume (CAV) air
distribution systems with a variable frequency, Variable Air Volume (VAV) air distribution system.
During the retrofit the energy management and control system was also upgraded.

The ZEC was the first building instrumented under the LoanSTAR program. About 50 channels of hourly
data have been recorded and collected each week since May, 1989. Additional information concerning the
building can be found in Table 1. Figure 1 displays the data for the pre+post periods. The ZEC data are
provided in the "c.trn" and "c.tst" files on the FTP server. These files have the following format4:

C.TRN (1/1/90 0:00 to 11/27/90 23:00):

•* Additional information about the ZEC can be found in Haberl et al. (1993), and in Thamilseran and Haberl
(1994).

The numeric values provided are the first five hourly values in the c.trn and c.tst files.
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C.TST (11/28/90 0:00 to 12/31/92 23:00^:

C.TRN (1/1/90 0:00 to 11/27/90 23:001:

5 The numeric values provided are the first five hourly values in the d.trn and d.tst files. The "nnn.nn" are the
spaces where the contestants should provide their predictions.

C.TST (11/28/90 0:00 to 12/31/92 23:00):
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Data are missing during the following periods: for lights and equipment and motor control center
electricity use during January and February of 1990, for chilled water from April 1991 to November 1991
and for a few weeks in July of 1992, and for hot water during April 1991, and from June through
November of 1991. The calculation of retrofit savings during these periods requires the use of both pre-
retrofit and post-retrofit models.

The prediction for the "c.trn" data set will be tested against the removed data to evaluate your models
accuracy. The prediction for the "c.tst" data set will be used to calculate the energy savings from the
conservation retrofit. Place only the ASCII numeric information in your files to be named "c.trn", "c.tst",
etc. Do not include alphanumeric headers in the file. It will be assumed that the columns represent the
data specified.

d.trn and d.tst data set These data sets represent data from the Business building at the University of
Texas in Arlington, Texas. The 13,926 m2 (149,900 ft2) Business buildings houses classrooms and
lecture halls. It was constructed in 1976. The building is a heavy structure with face brick on concrete
block walls. The windows are tinted, single pane and represent 4% of the wall area.

The building is served by 3 dual duct air-handling units located in the basement. Chilled water and steam
are provided by the central physical plant. AHUs operate 24 hrs/day, 7 days/week.

The primary retrofit to the building was a VAV conversion for the AHUs and lighting control which
utilizes motion sensors. The retrofits were completed in July of 1991. Additional information concerning
the building can be found in Table 2. Figure 2 displays the data for both the pre+post periods.

The Business data are provided in the "d.trn" and "d.tst" files on the LoanSTAR FTP server. These files
have the following format:

Your energy predictions should be provided in the following formats, where your predictions are inserted
into the "nnn.nn" values are shown:
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D.TRN (12/22/90 0:00 to 7/12/91 23:001:

D.TST (7/13/91 0:00 to 12/31/92 23:001:

Data are missing during the following periods: December 1990 through March 1991 (chilled water and
heating energy use), and for a few weeks in December of 1992.

Sending your predictions. Your "c.trn, c.tst, d.trn, d.tst" predictions can be mailed back on one or more
MS DOS compatible, 3-1/2", 1.44 Mbyte floppy disks, or 5-1/4" 1.2 Mbyte floppy disks (PKZIP files are
acceptable to save space) Include only columnar, space delimited numeric data in the *.trn and *.tst files
(i.e., no headers or footers).

Hardcopy description of your calculation method, data removal, etc. should also be provided. Other
information can be provided in a "readme.txt" file. Mail the predictions to: Jeff Haberl at Texas A&M
before November 1, 1994.

Description of modeling procedure. Contestants must provide a reasonably complete description of their
modeling methods, assumptions about the data, data removals, etc. A description that is reasonably
complete means that it provides enough detail that another person, working independently, could
understand how the person produced the modeling results. This includes proper citations, where
necessary.

At a minimum this should include: assumptions about the data, a list of data removals, a description of the
method used to construct the empirical model, and a description of the basic equations. Contest entries
will not be considered without an adequate description of the modeling procedure. Contestants may also
indicate how one can obtain the software that they used to develop the models (i.e., whether proprietary,
public domain, etc.).

Name, address, affiliation, etc. Contestants must provide their name, address, phone, FAX, email, etc.
Contestants can also provide their business affiliation if appropriate.

Deadline and extensions ;

The competition ends on November 1, 1994. Entries past the deadline will not be accepted. Additional
information regarding the competition, including any corrections or amplifications will be posted in the
"readme.txt" file on the LoanSTAR FTP server for all to access. Contestants are encouraged to check this
file periodically for any updates. We will try to notify contestants about updates if their email and/or mail
address is known.
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Posting of results

Notification of the results will be given to all contestants according to their confidential entry number.
The top winners only will be announced by name. The complete training data sets and testing data sets
will then be made available so that those contestants who wish can begin preparing their ASHRAE
Symposium papers. An ASHRAE Transactions paper will be prepared by the contest sponsors concerning
an overview of the contest results.
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Table 1: General Information about the TAMU Zachry Engineering Center.
TEXAS A & M UNIVERSITY: Zachry Engineering Center

Building Envelope:
324,400 sq.ft.
3-1/2 floors and a ground floor level, erected in 1973, classes, offices, labs, computer
facility, and clean rooms for solid Electronics
Walls: cement block
Windows: 22% of total wall area
single pane with built-in-place vertical blinds
roof: flat

Building Schedule:
classrooms and labs: 7:30 am to 6:30 pm weekdays
offices: 7:30 am to 5:30 pm weekdays
computer facility: 24 hrs/day

Building HVAC:
12 variable volume dual duct AHUs (12-40 hp)
3 constant volume multizone AHU (1-lhp, l-7hp,l-10hp)
4 constant volume single zone AHU (4-3 hp)
10 fan coils (10-0.5 hp)
2 constant volume chilled water pump (2-30hp)
2 constant hot water pump (2-20 hp)
7 misc. pumps (total of 5.8hp)
50 exhaust fans (50-0. 5hp) ,

HVAC schedule:
24 hrs/day

Lighting: fluorescent

Retrofits Implemented:
control modifications to the dual duct systems
variable volume dual duct systems

Other Information:
EMCS system to control HVAC was also installed along with the retrofits

Date of retrofits:
date of completion for VAV and control modifications to the dual duct system:
3/30/91
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Table 2: General Information about the UT Arlington Business Building.

UNIVERSITY OF TEXAS AT ARLINGTON: Business Building

Building Envelope:
. 149,900 sq.ft.

2 sections (A & B); 3 floors in A section and 6 floors in B section,
classrooms and lecture halls; built in 1976.
Walls: face brick.
Windows: brown tinted, single pane, fixed, 4% of wall area
roof: N/A

Building Schedule:
offices: 8 am to 6 pm (M-F)

Building HVAC:
3 variable volume dual duct AHUs (1-100 hp, l-50hp, 1-40 hp)
13 exhaust fans (total of 4 hp)
1 constant volume chilled water pump (1-30 hp)
1 hot water pump (N/A)
3 return air fans (RF1-10 hp, RF2&3-7.5 hp each)

HVAC schedule:
24 hrs/day, 7 days/week (AHU-1 & RF-1)
6 am tp 11 pm, 7 days a week (AHU2&3, RF2&3)

Lighting:
fluorescent 34 W

Retrofits Implemented:
VAV conversion for the AHUs
lighting control

Date of retrofits:
VAV conversion and lighting modifications were completed in July 1991.
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Figure 2: Daily time series plots of the Business building. Beginning with the upper figure daily whole-
building electricity, motor control center, lighting electric, chilled water and heating energy use is shown
for the training, construction and post-retrofit periods. Lighting electric is a derived channel that is
obtained by subtracting motor control center electricity use from the whole-building electricity. Data have
been removed from the training period for testing purposes. Missing data occur for three months in 1991
for chilled water and hot water, and for a few weeks in December 1992.
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Figure 1: Daily time series plots of the ZEC. In the upper figure daily whole-building electricity is shown
followed by motor control center, lights and equipment electric, chilled water and hot water use. Data are
for the training, construction and post-retrofit periods. Lights and equipment data are derived by
subtracting motor control center electricity from the whole-building electricity. Data have been removed
from the training period for testing purposes. Missing data occur for two months in 1990 for the MCC and
lights and equipment channels, from April through November of 1991 for chilled water and during April
and June through December of 1991 for hot water.


