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ABSTRACT

The DOE-2 building energy analyals computer
program has been used in both the design and analy-
ala of new or retrofitted buildings. The combina-
tion of ease of use, economy, and the capability of
producing a comprehensive thermal analysis has made
this tool valuable to the design professional. Re-
cent developments 1n the microcomputer area make it
possible to employ hourly building energy analysis
computer models, such as DOE-2, that were once
avallable only through use of mainframe computers.
A microcomputer version of the DOE-2 model is cur-
rently available for the study of design and analy-
als sailmulations of many bullding types. Several
characteristic buildings emphasizing variations in
housing, office/commercial, and school types are
being studied. These building types form typical
low-scale bulldings that are found throughout the
region. The discovery of the effects of shape, ori-
entation, mass, and other architectonic elements on
energy conservation form a major concern of the sur-
vey. A DOE-2 program version adapted for use on a
microcomputer demonstrating similar modeling capa-
bilities to the mainframe version is the primary
analytical tool used in this study. DOE-2 simulates
the heating and cooling 1loads and the energy con-
sumed by both the primary plant and secondary HVAC
energy sources.

INTRODUCTION

Numerous buildings exist 1n South Louisiana
that are poorly designed to satisfy today's need for
energy conservation. A set of unique retrofit ap-
plications are required to solve the problems gener-
ated by the varlety of structural and building sys-
tems that have been used over the past fifty years
in this region. At times during this period some
consideration has been given to daylighting and the
use of natural ventilation; however, most of these
buildings, as they are currently used, do not meet
conditions neceasary to produce a high 1level of en-
ergy efficiency.

A study was initiated to delineate the poten—
tial for energy conservation by considering charac-
teristic buildings and systems found in the region
by construction date (decades). From a catalog of
existing structures and selected building compon-
ents, systems of these prototypical units will be
investigated to determine the appropriate retrofit
strategles for selected buillding types in a distine-
tive climatic zone. A bullding energy analysis pro-
gram, DOE-2, was selected as the primary analytical
tool to be run on a microcomputer. Results of a
geries of computer runs will be reviewed and serve
as a base for comparative studies. Final evalua-
tions to discover both the potentials and limita-
tions of these retrofit strategles on actual build-
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ings will include aesthetiec values, technical con-
slderations, and economic factors. Of primary con-—
cern 1s the development of reduced 1life cycle cost
retrofit techniques.

DOE-2 PROGRAM

The DOE-2 bullding energy analysis computer
program can perform the tasks of design and analysis
of energy efficient buildings for both existing as
well as new structures. What makes this flexible
tool ideal for use by architects and engilneers is
its ease of use, economy, and comprehensive analysis
capabilities. This program will determine hourly
heating and cooling loads and provide as an output a
detailed summary of peak loads. Two 1libraries, one
for typical component construction and the other for
weather data, are contained 1in the program. DOE-2
simulates the HVAC system and the operation of the
building energy plant. The economic characteristics
of a project are found through a 1life cycle cost
analysis subprogram. The four main sections of the
program include: LOADS, SYSTEMS, PILANT, and ECO-
NOMICS.

One translation subprogram (BDL) and these
four simulation gubprogranms are executed in
gequence. Fach of the four simulations feeds input
into the next subprogram. The purpose of each of
the subprogram components is as follows:

BDL. The Bullding Design Language translator reads
the flexibly formatted input data and translates it
into a format useful to each of the subprogram simu-
lations.

LOADS. Based on ASHRAE algorithms, this subprogram
uses the welghting-factor loads calculating method
to account for the satorage effects of the building
elements. Both sensible and latent components of
the hourly heating and cooling loads are calculated
for each building space (zone). Ambient conditioms
are provided for use of an appropriate weather
tape. L.OADS responds to weather and solar condi-
tions, the time delay heat transfer of building com-
ponents, and the effects of huilding shade on solar
radliation. Information i1inputs to LOADS includes:
building location; thermal zone size; types of cons—
truction for walls, roof, and floor; 1internal loads
with schedules; 1infiltration rates; and domestic
(service) hot water use. Reports avallable from
this subprogram 1nclude peak space and bullding
loads, by source, and hourly data for a number of
variables.

can be simula-
This secondary

SYSTEMS. A number of HVAC systems
ted in this part of the progran.

HVAC simulation subprogram corrects the first ap—-
proximations of the energy demands of a building
that is produced by the LOADS subprogram. Input
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data for SYSTEMS include system type, size, spaces
served, ventilation, air flow rates, control stra-
tegies, and fan characteristics. Modeling of con-
trol strategies, economizer cycles, exhaust air re-
covery and operation of the supply and return fans
are possible, Output from this subprogram is a list

of peak 1loads and heat extraction (or additiom)
rates.
PLANT. The operation of the primary energy supply

simulated by this sub-
all fuel and electric

and conversion equipment is
program., PLANT calculates
energy demands of the overall system and the costs
of these energy sources. Heat recovery and energy
gtorage can be modeled also. An accurate simulation
of the part load performance of all energy plant
equipment is a key feature of this subprogram. In-
put data 1includes information ahout the capacity,
number, first cost, and maintenance of the primary
equipment located in the simulated building.

ECONOMICS. In this economic analysis subprogram,
gelected LOADS, SYSTEMS, and PLANT alternatives may
be considered. The current value of the life cycle
cost of the bullding, including the cost of fuel,
equipment, operation, and maintenance, 18 calculated
in this part of the program. For retrofits to an
existing building, it can be used to determine the
savings—to—investment statistics or to compare the
cost of new building design proposals (1, 2, 3).

MAIN-FRAME COMPUTER VERSIONS

The DOE-2 program is avallable to run on a num-

ber of computers using FORTRAN language. DOE~2 was
originated to provide analyslis methods to assist
building designers 1in reducing energy consumption

and to furnish an evaluation tool for the Building
Energy Performance Standard (BEPS), It has been in
the developmental stage by the U.S. Department of
Fnergy (DOE) for some time. The Building Energy
Analysis Group at Lawrence Berkeley Laboratories
(LBL) 1s performing research into the operations and
continued development of DOE-2 (4).

DOE-2 VALIDATION

The validity of the DOE-2 computer program has
been demonstrated through a number of studies. It
has been concluded from these that DOE-2 can accur-—
ately model the hourly thermal behavior of a variety
of bullding types, including commercial and residen-
tial buildings. The 1later versions of DOE-2 use
custom weighting factors that are specific to the
building being analyzed and can produce more accur—
ate results. The degree of accuracy, however, de-
pends more upon the guality of 1nput data as a re-
gult of historical knowledge of the comstruction of
the building and the system operation (5, 6, 7).

LATEST DOE-2 RELEASE: DOE-2.1C

The latest version of the DOE-2 program 1is
DOE-2.1C. This version has been made available only
recently and contains features that are not avail-
able in similar programs. Some of the new features
are: daylighting, window and shade management, new
shading options, a sunspace (atrium) model, and new
HVAC system type (a powered induction unit). In the
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BDL, expert user control and direct interface with
the operation in LOADS is possible through the use
of an optional feature, Functional Values. Also,
the user can control the frequency at which hourly
report data are printed. Under T.0ADS, algorithms
have been added to model the different forms of heat
tranafer than can occur between a sunspace or atrium
and adjacent spaces. Conditional shading device
control 1is now available. In the SYSTEMS subprogram
air source heat pump enhancements have been added
(8, 9, 10).

DOE-2 DOCUMENTATION

Documentation is available to complement the
updated versions of DOE-~2, Detalled discussions and
instructions for using the new features and enhance-
ments are provided for the 2.B and 2.C versions (8,
9, 10).

MICROCOMPUTER VERSION

Recently a full implementation of DOE-2 has
become available for a microcomputer. Certain mini-
mum system requirements for wusing this version are
necessary. The micro version will provide printed
reports.

A complete program package for the micro
version includes the program diskette 1library,
user's manual, software sentinel, and weather data
digkette. Additional weather data diskettes are
avallable for more than 200 sites; and in some
cases, both TMY and TRY disks are avallable. With
this software, DOE-2.1B can be run on a desktop com-

puter. The micro version is the DOE-2.1B program
ported to a personal computer. It is envisioned
that as the LBL. groups upgrades the DOE-2 program,

updates for the micro will also be available that
include enhancements.

Upon completion of a simulation
micro version results may be viewed
tor, printer, or plotter. Two
avallable: a "quick" graphics
"presentation” graphics format.

As a superset of the DOE-2.1 mainframe computer
program, the micro version 1ncludes the following
typlcal steps.

run with the
on a CRT moni-
outputs are
format or a

1. Set up procedures. Check hardware and system
goftware configurations.

2. Materials 1library. The standard materials
library can be modified or a unique library
created.

3. Weather data. An hourly weather file must be

avallable.
be copied from a weather
fixed disk.

4, BDL Input data file.
developed externally,
or editor.

5. Identify errors in
input processor

The appropriate weather file must
diskette to the

The BDL file must be
using a word-processor

the BDL file. The BDL
subprogram performs a check
on the wuser's input data and generates a
"gtandard file." Error or warning messages
are presented in the BDL output report.

6. Correct BDL file. A de-bugging procedure is
necesgsary to correct any errors found 1in the
file.

7. Execute the Building Simulator. After re-
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moving the errors in the BDL input file, the
Building Simulator is run, or it will be in-
itiated automatically, i1f the BDL was suc-
cesafully completed.

8. Results of a run. The File Manager 1s used
to lable the resultas of a run.

9. Graphical  Output. With the Graphics
Post~Processor output from a run may be re-
viewed, plotted, or printed (11).

METHODOLOGY

An 1nvestigation of characteristic school
buildings found in south TLoulslana can serve to de-
monstrate the approach used in the study. This part

of the study 1involves a two—phase process; the
first is the implementation of DOE-2 to simulate the
energy behavior on middle sachools 1in a hot~humid
climate. Bullding type and construction year are
factors that form an energy context and historical
reference for the study of design aesthetics.
Bulldings selected will represent a diversity of
age, construction type, plan form, system type, and
orlentation. These case studies will formulate a
data base from which a checklist appears of various
building components exhibiting comparative high en-
ergy usage; strategles will be proposed and studied
to determine thelr viability and cost
effectiveness. Varlous techniques will emerge that
can be cataloged to form a pattern of viable energy
strategles. The second phase involves the in-depth
study of each s8chool using parametric studies to
understand the integrated relationship of the fac-
tors involved with energy behavior within
buildings. The study of the interactive nature of
these building components will bhe performed to a
more refined and detailed level concerning such 1s-
gues as the energy effect of the building orlenta-—
tion and the plan form, or the energy effect of the
orlentation and the plan form on various wall types
whether with or without windows, or the energy ef-
fect of ascheduling masses of people in certain loca-
tions at certailn time periods. These are just a few
examples of the dynamic nature of the effect of
building components and energy. From these para-
metric studies an interactive energy model for mid-
dle school buildings in a hot-humid climate can be
constructed.

CASE-STUDY EXAMPLE: McKinley Middle Magnet School

The energy simulation "of existing building
types can demonstrate to architects and englneers
viable energy retrofit strategles and directions
that insure energy conserving design. Public opera-
ted middle schools were considered firast because of
the number of existing achools in the city/parish
region. East Baton Rouge Parish (city-county) pub-
lic school system has more than 100 school complex-
es. There are 19 high schools, 14 middle schools,
and 67 elementary schools.

The purpose of the study 1is
appropriate low-cost retrofit atrategles. A
four-phase modeling procedure 18 beilng followed to
accomplish the objectives of the study.

to propose

Phase One: The 1initial computer simulation of the
exlsting bullding 1s being performed to determine
the areas of highest energy usage. The overall com-
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puter loads need to be compared to the actual energy
consumed by the buildings studied to determine the
relative accuracy of the model. Most computer simu-
lations fall within the 10 percent range of energy
consumed. If the computer loads fall outsilde this
range, additional study must be performed to correct
the discrepancy.

Phase Two: Parametric simulation studles must be
performed to determine the impact of individual com-—
ponents on the energy behavior. These parametric
studies allow for the change in one varilable at a
time. The variables linked to the significant ener-
gy producing components are examined.

Phase Three: The changing of cumulative variables
assists in the understanding of the dynamlic behavior
of energy within buildings. These cumulative vari-
able changes can be compared to runs of the previous
phases to determine thelr dynamic effect.
Phase Four: After these computer simulations have
been performed, proposed low/high cost strategies
can be 1llustrated. The 1library of appropriate
strategles will be established representing the var-
ious contexts into which each proposal will fall,

Of the fourteen middle schools, McKinley Middle
Magnet is a central clty complex built in the early
19508 and has many characteristics of schools built

in that decade (Fig. 1). The earlier use of this
atructure was for a high school. When the facility
was outgrown by student population, a new high

gchool was bullt nearby and the school became a mid-
dle school. The student population is about 1400.
Site planning for energy conservation was obviously
not a major consideration during the building design
phases. Orlientation of Bullding A, not
alr-conditioned initially, was a purely aesthetic
concern. While the building was originally comnsid-
ered to be naturally ventilated, the southwestern
exposure coincldes with a maximum dally peak load
during the monthas requiring cooling. Daylighting
may have been a part of the preliminary design con—
sideration, hut 1its use has not been maximlzed in
the present configuration. Little or no insulation
wag placed in the roof and wall elements of the
structure. Some glazing has been replaced with a
plastic glazing materlal. No effort has been made
to seal windows or to manage ventllation. Both
heating and cooling demands are 1increased by this
lack of consideration of window glazing and frames.
Classrooms on the southwest are overheated during
all seasons—-fall, winter, and spring. Cooling
equipment for these areas were probably oversized,
also.

Poor site planning, bullding design, and selec-
tion of materials and systems of constructiom all
contribute to make this school complex a larger than
average consumer of energy. While some low—cost
energy conserving strategies may reduce operating
cost, to achieve significant cost reductions more
expensive systems must be considered. These should
be planned and developed on a life cycle cost basis,
and those strategles that produce early paybacks
must be considered first priority.

An energy analysis program conducted by a
private englneering firm indicates the energy use in
the existing facilitles at McKinley Middle Magnet
School. For the classroom spaces lighting demands
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the greatest (45
percent). As
the other

percent).

part of the existing budget
expected, the cooling system demands
major part of the costa (about 39
Priorities must be assigned to energy
congservation projects within the city=-parish
region., These should be based on a consideration of
the expected 1life cycle cost for modifications, es-
pecially those requiring large capital
expenditures. Where possible, minor modifications
should come from yearly operating budgets; however,
as a financial crisis exists, even these may not be
pogsible currently. As funds become available, a
decision mechanism to determine the levels of prior-
ity for modifications must be in progress to assist
the planners and decision makers.

The focus of the case study is the McKinley
Middle Magnet School in Baton Rouge. The achool is
designed as a campus-type plan and the study
involves the classroom building, A. A double—-loaded
corridor serves as the main circulation artery for
the two-story, 29,000 square foot building
(Fig. 2). The structural frame 18 reinforced con-
crete and intermal partitions are hollow clay tile.
The typical exterior wall contains approximately 60
percent glazing. The HVAC system is a two-pipe fan
coll system with boilers, a cooling tower, and ab-
gorption chillers serving as the major plant compon-
ents, The simulation model considered the external
siting, the internal arrangement and scheduling for
people, 1lights, and equipment, and divided the
building into thirteen separate zones to monitor the
enternal energy demands.

The initial simulation furnished 1insight as
to which bullding components caused the greatest
energy consumption and it established the base con-
ditions upon which various strategies were tested.
The data used for the comparison studies was gen-
erated by the three programs, LOADS, SYSTEMS, and
PLANT output reports. The LOADS output data
presents the yearly heating and cooling energy
totals required by various huilding components to
maintain human comfort. The portion of the SYSTEMS
output data used consists of the total heating,
cooling, and electrical energy. Heating energy 1s
the sum of all heat energy delivered to the spaces
for the year. Cooling energy is the sum of all en-~
ergy extracted from the bullding for cooling for
the entire year. Electrical energy consists of the
total electric consumption including lights, secon-
dary HVAC equipment, and fans. The total site en-
ergy 18 the portion of the output data used from
the PLANT reports., It consists of the sum of fossil
fuel and electric source energy to maintain the re-
quired demands.

BASE CONDITION

The thermal LOADS generated by the initial sim-
ulation yilelds a deceptively high cooling demand
with the components illustrating the highest consum-
ption as 1infiltration, glass solar, electric light-
ing, and glass conduction, Cooling loads dominated
the heating load by three to one. Closer examina-
tion of the data revealed two and one-half summer
months of intense solar gain and increased infiltra-
tion, and therefore an apparent increase in the need
for cooling. External gains continued to be added
while the internal gains for the asame period were
non-existent due to the closure of the school. It
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Fig. 1.

Campus plan.

Second Floor Plan

First Floor Plan

Fig. 2. Building A, floor plans.
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should be noted that this occurred in all the para-
metric LOADS simulated. This factor was corrected
at the SYSTEMS level and the energy consumers in the
descending order were electric lighting (658 MBtu),
cooling (399 MBtu), and ‘heating (272 MBtu). Total
site energy consumed was 1490 MBtu, with a 51.3
KBtu/sq-ft gross area (Fig. 3).

The following strategies were undertaken to
reduce the energy consumed and to determine what
percentage could be affected (Fig. 4).

LIGHTING

Electric energy was the dominate user at the
SYSTEMS level and electric 1lights contributed about
49,4 percent of energy supplied at the PLANT level.
The electric light level was decreased from 4 to
2.7 watts per square foot. Due to the extensive
exterlor glazing, the loss in the lighting level
appeared to have a minimal effect on lighting
levels. The results revealed a minimal effect on
the thermal LOADS, about 4 percent overall savings
with an increase of 6.4 percent in the heating load
and a decrease of 7.2 percent in the cooling load.
At the SYSTEMS level the heating energy dominated
the cooling energy (320 MBtu to 305 MBtu), while the
electrical energy dropped 24 percent from 658 MBtu
to 505 MBtu. Thus an overall savings at the site
was about 12 percent with a 45.4 KBtu/sq-ft-yr gross
area.

INFILTRATION
The 1.0 air change per hour appears to be a
conservative estimate as both 0.5 and 1.5 air

changes per hour were modeled. Tightening the
building envelope produced a 27.4 percent LOADS re-
duction, while at the 1.5 air change rate an
increase of 13.3 percent was incurred. SYSTEMS re-
veals a savings of 12.2 percent in heating and 26.9
percent, with an increase of 2.8 percent for elec-
trical energy. Reducing infiltration from 1.0 to
0.5 air changes per hour reduced the total site en-
ergy consumed by 11.9 percent to 45.2 KBtu/sq-ft-yr
gross area.

SHADING COEFFICIENT

Venetian blinds are the existing shading device
and the shading coefficient value is 0.57. Two mod-
els were studied, one at 0.75, the other at 0.30,
modeling a light reflecting Bscreen. It was deter-
mined that the 0.30 study saved about 9 percent of
the energy, while at the PLANT 1level, the energy
used at the site increased by 1.3 percent. The 0.75
study 1llustrated the reverse effect, while at the
LOADS and the SYSTEMS 1level there was a respectlve
increase of 5.8 to 7.1 percent; there was a savings
of 2.1 percent at the PLANT level. Closer examina-
tion of the data seems to 1llustrate an
understanding of the nature of the school building
type. The initial assumption was that the school's
internal thermal 1loads operated exactly like office
buildings; however, for the hottest part of the year
and of each school day the structure was not in
use, Therefore, even in the hot, humid climate al-
most an equal amount of heating and cooling months
occur at the school. Increasing the amount of sun-
light caused a savings in the total energy consumed
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because heating this building under these conditions
appears to require more energy.

INSULATION

Insulation levels were increased for both walla

and roofs. Three inches of insulation were added to
the interior of the roof with a savings from LOADS
to SYSTEMS of 4.5 to 4.8 percent, while the total

energy saved at the PLANT was 3.5 percent. Simula-
ting an addition of one inch of exterior insulatiom,
similar results occurred; however, at the SYSTEMS
level, more cooling energy was required, probably
due to the blanket effect of holding in the internal
loads. The results were a savings of 4.7 percent
at the LOADS program, a 4.8 percent savings at the
SYSTEMS program, and a total site savings of 4.0

percent.
GLAZING

Two panes of glass were substituted with a de-
crease in energy LOADS of 6.0 percent, mostly due

to reducing the heating load. The SYSTEMS energy
was decreased by 9.4 percent; however, an increase
in the cooling load occurred, brought on by an in-
crease in the internal gain because of the blanket
effect of double-paned glass. The total site energy
consumed showed a savings of 9 percent and a 45.1
KBtu/sq-ft-yr gross area.

OVERHANGS

The southwest-facing wall with 60 percent glaz-—
ing was modeled with a three-inch fin overhang and,
because of the nature in which it was modeled, pro-
duced minimal results. LOADS were increased by only
2 percent. SYSTEMS energy was reduced by 2.7 per-
cent; however, there was _an increased demand for
heating energy from 272 MBtu to 280 MBtu. The final
totals at the site yilelded a 0.2 percent savings.
This technique needs to be modeled as an
eggerate-type structure to demonstrate better energy
gavinga.

COMPOSITE

This atudy 1involves the variation in four com-
ponents simultaneously. The change 1in lighting
from 4.0 to 2.7 watts per sq—ft; the addition of
two panes of glass; the addition of three inches of
roof insulation; and the reduction to 0.5 air chang-
es per hour. The results suggest a dramatic
decrease in LOADS of 56 percent and at the SYSTEMS
level a savings of 32 percent while at the PLANT
level a decrease in 30 percent of the energy
required to 33.2 KBtu/sq-ft-yr gross area.

The reduction in the amount of electric light-
ing seems to be a viable retrofit strategy to
pursue. Daylighting studies need to follow this to
determine this concept's efficacy. Further studies
should deal with the window portion of the envelope
to determine the factors that will be most cost
effective.

Reducing infiltration into the building envel-
ope and adding two panes of glass appear to serve as
big contributions to energy comservation. Imnstalla-
tion of the double-glass scheme, however, will be
more costly and the long-term payback needs further
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MCKINLEY MIDDLFE MAGNET SCHOOL
MODEL EXISTING SCHOOL CONDITIONS

LOADS: Heating and Cooling
SYSTEM: Heating, Cooling, and Electrical Energy

PLANT:

Total Site Energy, KBtu/sqft-yr Gross Area

LOADS

WALLS

-101

175

ROOFS

183

GLASS
CONDUCTION

GLASS
SOLAR

828

SURFACE
UNDERGROUND

OCCUPANT
TO SPACE

LIGHT
TO SPACE

EQUIPMENT
TO SPACFE

INFILTRATION

754

TOTAL (MBtu)

SYS

PT

LEGEND

Fig.

3.

HEATING
COOLING

ELECTRICAL

TOTAL SITE ENERGY

(KBtu/sqgft-yr Gross Area)

HEATING

Base study condition.

-272
= 399
[

658

1035 455
1490

49.6

eLecrric NN

COOLING GAS

195

Proceedings of the Third Symposium on Improving Building Systems in Hot and Humid Climates, Arlington, TX, November 18-19, 1986



ESL-HH-86-11-27

BASE 3596
CONDITION
LIGHTING i IR AT 3448
STUDY 7% SAVINGS 4,2% S
11.6% SAVINGS
SHADING I Fp om0 9 3806
COEFFICIENT 0.75 7.1% INCREASE 5.8% I
2.1% SAVINGS
SHADING T e BE A g 3271
COEFFICIENT 0,30 9.1% SAVINGS 9.1% S
1.3% INCREASE
INFILTRATION | L A T 4077
1.5 Air Changes/Hour 741 10.4% INCREASE 13.3% I
1615 8.3% INCREASE
THREE-FOOT FIN L K S 3526
S SAVINGS 2.0% S
P SAVINGS
EXTERIOR WALL L 3428
ONE~INCH INSULATION 8 [ 639 4.8% SAVINGS 4,7% S
P 1433 4.0% SAVINGS
THREE-INCH L 3435
ROOF INSULATION S i SAVINGS 4.,5% S
P 1439 3.5% SAVINGS
TWO PANES Lo 58 o o o antafian o i e Hn dhans Fannnnananaie e 2 3381
GLAZING S b 608 9.4% SAVINGS 6.0% S
P 1357 9.0% SAVINGS
COMPOSITE 1574 56.0% SAVINGS
FOUR CHANGES 458 32.0% SAVINGS
1002 30.0% SAVINGS
LEGEND LOADS ENNENEE SYSTEM PLANT DN I INCREASE S SAVINGS
Fig. 4. Proposed strategies.
study. Both insulation strategies and the designer based on the case studies and the energy
exteriorshading technique seem to be the least model of the findings of this research to assist
effective on this particular bullding. Using a them to better understand the effects of design
couple of the lower-cost atrategles proposed could decisions on energy consumption. Each of these de-

significantly reduce the energy consumption.
PROJECT STATUS AND DEVEL

Three basic developments arising from this part
of the study are first, a catalog of cost effective
energy strategies that can be established as a po-
tential 1library of energy-saving techniques for
school buildings in a hot-humid climate. These stra-
tegles obviously apply to certain bulilding contexts;
therefore, indiscriminate application must be care-
fully monitored. Second, the understanding of the
dynamic energy behavior produced by the usage of
DOE-2 should enable the construction of an energy
model that i1llustrates the interactive forcea and
their relative relationships with each other. The
final development communicates suggestions to the
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velopments has many interesting issues, such as the
determination of a baseline for energy usage for
achool buildings in hot-humid climates, or determin-
ing whether the walls or the roof form a more crit-
ical energy consumer within a given building
context. Addreasing these and other energy issues
should formulate a more conscious awareness of the
integrative nature of energy and architecture. Po-
tentially this can lead to more creative design de-
cilsions concerning energy usage.

Data collection and the establishment of the
complex energy structure are ongoing research activ-
ities. Establishing the database for McKinley Mid-
dle Magnet School from which to substantiate various

retrofit approaches 18 currently beilng pursued.
Certain assumptions about McKinley have been
expreased: the need for shading, ventilation,

Proceedings of the Third Symposium on Improving Building Systems in Hot and Humid Climates, Arlington, TX, November 18-19, 1986



weatherproofing, insulation, and possibly double
glazing. These suggestions must be tested to deter—
mine whether they are appropriate cost effective
energy—-saving approaches.

Additional studies should be conducted using
the same building type in various climatic zones to
establish the significant effect on retrofit strate-
gles.
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