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ABSTRACT 

There are many building simulation programs on the 
market that calculate the annual energy use for a 
facility. These programs are difilcult to for use in 
energy conservation projects. The designer must run a 
complete simulation for each intended design or 
systems modiEcation. This can be time consuming 
and expensive. 

This report describes a program that performs an 
energy analysis in a way that is much more convenient 
for the energy analyst. Several common conservation 
projects are featured in the p r o m  tinting glass, 
single-to-double pane converslon, adding roof 
insulation. savings from landscape features, external 
wall shading and reduction in outside air. Each of 
these are evaluated in a separate bullding load 
subrouthe. 

The program computes and displays the annual load 
proffle for each of these components of the envelope. It 
can then calculate the exact savings possible, for 
example, by modifyLng south-facing window, or by 
planting fast-growing shade trees to the west of the 
building. Thls 18 to permit the user to focus Mted 
funds on specific projects. 

The analysis takes into account geographfc location, 
ambient temperature and latitude. It also permits the 
user to mod@ theae parameters to conform to unique 
local conditions. The software will rotate a building as 
well. to discern the effect on loads of a change in 
building orientation. 

Another feature is the ability to separate the building 
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The Energy Policy Act of 1992 will soon require all 
federal-guaranteed home loans be Linked to energy 
emciency ratlngs. The US. Department of Energy 
(DOE) has organized a committee to establish criteria 
and to evaluate energy analysis tools for this purpose, 
the Home Energy Ratings System WERS) Councfl. 
Another national organization, the Building 
Envbnrnent and Thermal Envelope Councfl DETEC) 
of the National Institute of Building Sciences. has 
fielded many requests for a simple energy analysls tool 
that can be used by contractors, architects and other 
non-engineerlng professionals. This paper outlines the ' 
features of a computer program designed to fulRll both 
these needs. I 

The software was originally designed for the energy 
evaluation of homes. The basis of the studies are 
nomograph and the "Manual J" method. whfch are 
more than adequate for residential analyses, but not 
for commercial alcilitiee. The softwarr uses the 
mathematical equivalent to nomographs developed by 
DOE studies. It has proven to be an accurate 
simulation tool that closely approxtmates the load 
proffles output h m  full-scale simulation programs. 

The intended users are individuals who do not have 
the background to use or understand the avdable 
load analysis computer programs. The structure of 
the software Is simple. flexible. easy to use and 
understand. 

The application of the program for selected energy 
conservation projects is a feature that evolved !k-- - 
special etructure that isolates each major compc 
of the building envelope and computes the 
attributed to each in the same subsection o 
mutine. Given the weather data and the in1 
environmental characteristics, the simulation 1111 

I s  able to study a wall or wlndow's energy 
regardless of the type of building It is in. Wit1 
ability to specify the emclency and type of I 
systems, the p r o m  becomes applicable to anq 
of W$. 

The software has many applications. It ia an ace 
tool for the simulation of, and equipment akini 
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residential bulldings and small businesses. It can be 
used to determine block loads for commercial 
buildings. and it will function as an energy auditor's 
instrument in conservation projects for any building 
type. Thls paper will concentrate on the energy 
conservation features of the program as they apply to 
commercial or industrtal facilities. 

ENERGY CONSERVATION OPPORTUNITIES 

A common approach to analyzing a bullding's energy 
use characteristics is to determine a block load. which 
ascertains the building envelope without regard for 
indMdual zone or air handler loads. That is, all the 
lights, people and equipment in a bullding are input to 
the simulation program along with total glass, wall 
and roof areas. This data is used to determine the 
annual energy use. whlch is matched with actual bills 
to check the accuracy of the input data. 

The program also investigates the savings that can be 
expected from various projects, such as chiller 
modlncations. air handler controls and so forth. A full 
simulation is needed to evaluate such projects because 
they involve the central WAC equipment. Other 
projects are less global In affect, and 80 can be studied 
without h t  running a full simulation. In fact, it is an 
advantage to some projects to not have to run repeated 
f d  analyses because the energy use Werence from 
the baseline case d be quite small compared to the 
whole. 

The residentialquality load program, then, is sulllcient 
to study the Impact of smaller projects. ks long as  the 
interior and exterior conditions are fully characterized. 
the a m m q  of calculations by this method are as 
good as  a more complex program. 

Some of the lowcost conservation opportunities that 
can be evaluated by the software are as follows: 

- 
I. Exbtlng and new bulldlng 

1. Extra insulation on south and west 

11. New construction only 

1. Floor type 
2. Roof type 

These are d projects that require only modest 
expenditures, but with the potential for s igdcan t  
energy savings. They are seldom done now because 
the cost of running a full simulation for each design 
alteration is prohibitive. ks a result, architectural 
enhancements are rarely done on this scale. 

PROGRAM SETIJP 

Figure 1 is a snapshot of the flrst screen of the 

Program 

Building Loads Simulation Rogram 
1. General Project Information 

1. Job Number 111 
2. Client Name 121 
3. LaUtude of City [3]degree 
4. Bullding Area 141 sq.R 
5. Operating hra/week 15lhrs 
6. Designefs Name 161 

11. Job Defaults Settings 

1. Sowce of Heating 171 
2. Electricity Rate 18j$/kwh 
3. Gas Rate 191 $mcf 

111. Equipment Specincations: 

SEER of Air Conditioning Unit 1101 <F1> 
Heating Equipment Efficiency 1111 -5% 

Flgure 1 Project and Default Data ! k e e n  

The values that can be changed for project analyses 
are (1) operating hours, to discern the affect of 
curtailing the weekly schedule of HVAC systems; (2) 
source of heating, to study the savings possible with 
gas heating; (3) equipment efficiency. if more modem 
units are to be cons ided  for a rrtmRt project 

The next screen asks for weather data that can either 
be input directly or selected from a database of valuea 
already in the program. 
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Bullding Loads Simulation Program 
Building Loads Simulation Program 

I. Meteorological Data 
City Name 111 

Landeye 121 
Heating Degree Day 131 days 
DEGREE HOURS. 

>78 F DB 141 F 
>66 F WB 151 F 
<54 WB. 68 DB 161 F 

n. Data For Peak Loads Calculation 
A. CoolIng 

Outdoor Design Temp 
Daily Temp Range 
Design Wet Bulb 

B. Heatlng 
Outdoor Winter Temp 
Inside Design Temp 

Figure 2 Weather and Design Temperatures Data 
Screen 

ThIs Is a nitical part of the program that affects all the 
calculations. It Is important that the valves input a x  
as accurate as possible. so there is unlimited flexibility 
available for the designer to customize the cllmattc 
conditions. For example, a coastal area may be given 
a higher wet bulb than the ASHRAE etandarde 
stipulate or the winter temperature might be input 
higher for a building in the midst of a large cfty. Such 
freedoms are, if available in other load analysts 
packages, dimcult for the non-technical program user 
to input accurately. 

?his screen also has an input for heating and cooling 
season inside temperatures. Changing these valves 
will produce different annual energy costs. so that the 
user can ascertain the result of modlfllng thermostat 
eettlngs. 

The next four screens wlll show the data for glass. 
wall, floor and roof loads. In each case the user can 
input element types, then denote where in the 
etructure each type is situated. This Itemization Is 
done in the lower part of each table. 

2 N 4 -  - . l  .2 
2 S 2 -  - . Q  .1 
1 W l -  - . l  .8 

Notice the energy use and annual costs for heating 
and cooling that are Nled in at the bottom of the form. 
These are calculated and displayed by strildng a 
function key on the computer. Another feature shows 
the part of the total load attributed to each building 
part This will highlight that part of the building - e.g. 
south-hcing wlndows - that will benefit the most from 
a conselvation project 

The wall data form la set up here to allow the user to 
change the color for daerent walls to study the d e c t  
on energy use. External or landscape shading can 
also be evaluated. 

Building Loads SLmulation Program 
E UVALUE COWR CONSTRUCTON 

1 0.06 L W2 
2 0.06 M W2 
3 0.06 D W2 

F3/F3 FOR WALL LOADS: COOLING 1 1 HEATING I 1 
mAL corn [$I = [$I + I$] 

Again, the program has the feature of providing 
Information on the amount of the total load due to 
each wall portlon. The floor and roof f o m  follow a 
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similar format and permit alterations in color, 
construction and u-valve. 

After each mini-simulation is performed the data can 
be printed out to provide a hard copy of the 
information, cost and savings. This snapshot can also 
be taken of the screens depicted in FQ~rns  1 and 2 for 
the buflding and weather data. 

I. COOLING LOAD CALCULATION DATA help: 

1. Number of people 111 
2. Equipment (sensible) 121 
3. Equipment (latent) 131 
4. Duct heat gain 141 

11. HEATNG LOAD CAWULATON 
1. Duct heat loss 151 

Rgum 5 Miscellaneous Peak Loads Calculation Data 

The last screen, Figure 5. gives the user an  
opportunity to be more speciflc about the latent and 
sensible loads in the buflding. This is a convenient 
way to study the subtle afkcts of reducing latent loads 
in a buflding, often a source of high energy expenses. 

SOFTWARE CHARACTERISTICS 

The application has all the latest software 
enhancements, including color smeens, pull-down 
menus, mousecompatabillty. error messages and 
abundant help screens accessible h m  every 
calculation point. Depending on the user's hardware 
configuration. the program can be provided with disk- 
caching and a virtual memory manager. Almost any 
common printer driver can be pmvided as well. Full 
documentation is available. 

CONCLUSION 

The advent of new. more strLngent energy conservation 
standards will soon require many professionals in the 
bullding and construction h d e s  to be versed in 
energy use characteristics. This program offers a 
shnple, flexlble tool to learn the aNects of varlous 
building parameters on the HVAC load. It is also a 
powerful analysis tool for engineers and architects that 
will help them design by the latest codes and 
standards. 
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