Lawrence Berkeley National Laboratory
Recent Work

Title

End Use Energy Characterization and Conservation Potentials at DoD Facilities: An Analysis
of Electricity Use at Ford Hood, Texas

Permalink

https://escholarship.org/uc/item/4br6f642

Authors

Akbari, H.
Konopacki, S.

Publication Date
1995-05-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4br6f642
https://escholarship.org
http://www.cdlib.org/

Vit . §

LBL-36974
UC-000

r

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA

ENERGY & ENVIRONMENT
DIVISION

End-use Energy Characterization and Conservation
Potentials at DoD Facilities: An Analysis of Electricity
Use at Fort Hood, Texas

H. Akbari and S. Konopacki

May 1995

n
3

9181 NouL)
10N $90(Q

ENERGY
AND ENVIRONMENT
DIVISION

| AdOD 3ON3IY¥3I43Y

*RaeuqL gs "bple

1 Ado)
vL69€-191

Prepared for the U.S. Department of Energy under Contract Number DE-AC03-76SF00098



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-36974
UC-000

End-use Energy Characterization and Conservation
Potentials at DoD Facilities: An Analysis of Electricity
Use at Fort Hood, Texas

May 1995

H. Akbari and S. Konopacki

Energy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

A Report Prepared for
Lee DeBaillie and Larry: Lister
U. S. Army Construction Engineering Research Laboratory
P. O. Box 9005
Champaign, IL 61826

This work was supported by a grant from the Strategic Environmental Research and Development Program
(SERDP) and managed by the U. S. Army Construction Engineering Research Laboratory (CERL) through
the U. S. Department of Energy, under contract DE-AC0376SF00098.



Acknowledgement

This work was sponsored by the U.S. Army Construction Engineering Research Laboratories
(CERL) through the U.S. Department of Energy, Under contract DE-AC0376SF00098. Funding
was provided by the Strategic Environmental Research and Development Program (SERDP).
Public Law 101-510 established SERDP as a multi-agency program funded through the Depart-
ment of Defense. SERDP seeks to identify, develop, and demonstrate technologies in the areas
of pollution prevention and cleanup, energy and resource conservation and global environmental
change. SERDP responds to the environmental requirements of the Department of Defense
(DoD) and is undertaken in cooperation with other government agencies, including the Depart-
ment of Energy (DoE), the National Institutes of Science and Technology (NIST), the National
Oceanographic and Atmospheric Administration (NOAA), the National Institutes of Health
(NIH), the U.S. Geological Survey (USGS) and the National Aeronautics and Space Adminis-
tration (NASA).



-1 -



-1il-
Abstract

This report discusses the application of the LBL’s End-use Disaggregation Algorithm (EDA) to a DoD
installation and presents hourly reconciled end-use data for all major building types and end uses. The
goals of the project were: 1) to develop an energy database by building type and by end use for DoD
facilities and 2) to enhance the DoD energy office’s ability to track energy use by end use.

The project initially focused on achieving these objectives and pilot-testing the methodology at Fort
Hood, Texas. Fort Hood is located near the town of Killeen, and with over 5000 buildings was deter-
mined to have representative samples of nearly all of the major building types in use on DoD installa-
tions. These building types at Fort Hood include: office, administration, vehicle maintenance, shop, hos-
pital, grocery store, retail store, car wash, church, restaurant, single-family detached housing, two and
four-plex (both single- and double-story) housings, and apartment building. Up to 11 end uses were
developed for each prototype, consisting of 9 electric and 2 gas; however, only the electric end uses were
reconciled against known data and weather conditions. The electric end uses are space cooling, ventila-
tion (air-handling untis, fans, chilled and hot water pumps), cooking, miscellaneous/plugs, refrigeration,
exterior lighting, interior lighting, process‘ loads, and street lighting. The gas end uses are space heating
and hot water heating. Space heating energy-use intensities were simulated only.

The EDA was applied to 10 separate feeders from the three substations at Fort Hood. The results
from the analyses of these ten feeders were extrapolated to estimate energy use by end use for the entire
installation, and validate the results with the independent Texas Utility billing data for electricity use for
the installation. The results show that administration, residential, and the barrack buildings are the largest
consumers of electricity for a total of 250GWh per year (74% of the Fort Hood annual consumption of
330 GWh). By end use, cooling, ventilation, miscellaneous, and indoor lighting consume almost 84% of
total electricity use. The contribution to the peak power demand is highest by residential sector (35%, 24
MW out of 70 MW), followed by administration buildings (30%), and barrack (14%). For the entire Fort
Hood installation, cooling is 54% of the peak demand (38 MW out of 70 MW), followed by interior light-
ing at 18%, and miscellaneous end uses by 12%.
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Executive Summary |

Defense Energy Program Policy Memorandum (DEPPM) 91-2 requires, through energy efficiency stra-
tegies, Department of Defense (DoD) facilities to reduce energy consumption and costs by 20% from
1985 to 2000. The strategies include both improved operation and maintenance and enhanced energy
efficiency measures.

The proper analytical tools, methodologies, and a database of energy consumption by end use for DoD
facilities are not readily available. Historically, DoD has addressed analysis of energy efficiencies pro-
grams by conducting energy audits of the installations and by developing prototypical buildings and
assessing conservation potentials through building energy simulations. Although prototypical studies can
result in some general understanding of energy consumption by end use, they must be reconciled against
measured energy use for reliable estimates. The End-use Disaggregation Algorithm (EDA) developed at
Lawrence Berkeley Laboratory (LBL) was designed specifically for this purpose. In EDA, computer
simulations are reconciled hourly against measured energy consumption in order to obtain end-use con-
sumption data. ' '

The objectives of this project were: ,
e  todevelop an energy database by building type and by end use for DoD facilities;
. to enhance the DoD energy office’s ability to track energy use by end use;

e  to establish a vehicle for transferring the analytical methodologies for end-use energy analysis
developed at LBL to the U.S. Army Construction Engineering Research Laboratory (CERL).

This project has initially focused on achieving these objectives and pilot-testing the methodology at one
DoD installation: Fort Hood, Texas. It is anticipated that the methodology and much of the database
developed for Fort Hood can be easily transferred to other installations. The future work for other instal-
lations will be built up on the results of this project.

The project was designed in seven tasks:

Task 1: Development of a detailed workplan

Task 2: Database preparation and integration

Task 3: Development of DOE-2 prototypes

Task 4: Short-term end-use metering

Task 5: Refinement of end-use disaggregation algorithm
Task 6: Reconcilement of end-use energy intensities
Task 7: Final report and transfer of data and methodology

The building types at Fort Hood cover a wide spectrum of commercial and residential buildings. The
commercial buildings include: office, administration, vehicle maintenance, shop, hospital, grocery store,
retail store, car wash, church, restaurant, etc. The residential buildings include: single family detached
unit, two and four-plex (both single and double story) units, and apartment building. Up to 11 enduses
were developed for each prototype, consisting of 9 electric and 2 gas; however, only the electric enduses
were reconciled. The electric enduses are space cooling, ventilation (AHU, fans, chilled and hot water
pumps), cooking, miscellaneous/plugs, refrigeration, exterior lighting, interior lighting, process loads, and
street lighting. The gas enduses are space heating and hot water heating. Space heating EUIs were simu-
lated only.

The EDA was applied to 10 feeders in Fort Hood. The results from the analyses of these ten feeders were
extrapolated to estimate energy use by end-use for the entire installation, and validate the results with the
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independent Texas Utility billing data for electricity use for the installation. Table EX-1 summarizes the
final EDA reconciled electric enduse annual EUISs.

The extrapolation of the EDA results to the entire Fort Hood installation is shown in Figure EX-1, where
electricity use and peak power demand are depicted by both building type and e