
 1 

 

Integrating energy performance software into Arc 334L; 
Environmental Controls II 
 
Meadows Foundation 
Curriculum Development Grants 

 
  
Michael Garrison, Principal Investigator  
School of Architecture 
1 University Station B7500 
The University of Texas at Austin 78712 
mgarrison@mail.utexas.edu 
cell phone 512-632-1972 
 
 
Environmental Controls II Teaching Assistant 
 
Steven Matten 
School of Architecture 
1 University Station B7500 
The University of Texas at Austin 78712 

 
June 21, 2010 
 

 
 
Integrating energy performance software into Environmental Controls II  
 

 The intent of (Arc 334L) Environmental Controls II is to learn to integrate 
environmental control systems into the form making process of architectural 
design. This course is intended to be one of a series of building science courses, 
which describe the function of building in filtering the environment about their 
occupants.  Environmental Controls I considered the fundamentals of Lighting, 
Electrical Systems and Acoustics.  Environmental Controls II considers the 
application of the thermal environment, the issues of water systems and the 
application of the fire code as well as other technical problems encountered in 
building design.  Environmental Controls II focuses on how the various human 
sensory systems are supported by related mechanical, building and environmental 
controls sub-systems. The goal of the course is to develop a means by which 
designers can create energy-efficient buildings.  The means include both: (1) to 
understand the forms and components of a building that provide efficiency and 
comfort; (2) processes for use in design that will encourage the selection of the 
proper physical responses and facilitate the investigation of the likely 
performance of these decisions. To analytically and physically evaluate the 
performance of the environmental control decisions students make in their design 
project, they learn in this course how to analyze the energy performance of a 
building’s environmental control systems. 
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 The purpose of this grant proposal is to facilitate the integration of new energy 
performance software into the Environmental Controls II that would replace 
tedious calculations that are currently done by hand. 

 
 
How to Analyze the Energy Performance of a Building’s Environmental Control  

Systems 
 

  
 The performance of a building’s energy system can be measured or expressed in 

two ways, the functional performance and the energy performance. 
  
 The functional performance essentially expresses the success in achieving the 

operating parameters of the system such as thermal comfort, air quality, 
acoustical comfort, lighting comfort, lighting adequacy, etc. 

  
 The Energy performance is the amount of energy consumed to support each of 

the energy systems in the achievement of its functional performance. 
  
 In (Arc 334L) Environmental Controls II, the aspects of the functional performance 

and how they relate, respectively, to the energy performance are reviewed 
together.  The essential thesis is that if one attempts to reduce energy 
consumption by reducing functional performance the effort will fail.  This leads to 
the essential proposition that, in order to succeed, any energy reduction program 
in an existing building must improve the functional performance if it is to succeed. 
In order to accomplish this goal students should be able to readily see the energy 
performance of their building design and to review the implications of incremental 
design modifications on the energy performance of the building. This task requires 
students to assess the energy performance of their building design at different 
stages of the design process. 

 
 Currently the calculations for a verified energy audit are done by hand or through 

rules-of-thumb using guidelines described by American Society of Heating and Air 
Conditioning Engineers (ASHRAE) and the Air Conditioning Contractors of 
America (ACCA).  

 
gbXML 

 
ASHRAE and ACCA are the nationwide associations of heating, ventilation, air 
conditioning, and refrigeration (HVACR) contracting professionals and 
businesses,  and they established the Manual J residential load calculation 
system  which, is now referenced to as the Green Building XML (gbXML) 
schema. gbXML provides a means for true interoperability between popular 
computer aided drafting (CAD) software and HVACR-specific design software. 
 
The Green Building Studio of California developed the gbXML schema. The 
latest file format allows drafting software to pass onto calculation software details 
of a building's dimensions and the materials used in construction. 
 
Manual J procedures use over 500 material codes to describe common roof, 
wall, and glass building materials. The gbXML schema makes it easier for 
HVACR designers to perform Manual J calculations from a CAD drawing.  
 
XML, extensible markup language, is a type of computer language that allows 
software programs to communicate information with little to no human interaction. 
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This approach allows building designers to focus on what they want to do most - 
design beautiful, environmentally responsible buildings that use intelligent 
technologies to meet their needs. Helping realize the promise of Building 
Information Modeling, gbXML allows intelligent solutions for the design, 
certification, operation, maintenance, and recycling of buildings. The possibilities 
are limited only by the collective imagination of the building design. 

 
Manual J 

Manual J is the ANSI-approved national standard for determining residential 
heating and cooling load calculations. "Manual J" is a registered trademark of the 
Air Conditioning Contractors of America. When sizing a heating and cooling 
system for a small building, rules-of-thumb measurements can yield an 
improperly sized system. The popular method of calculating heating and cooling 
loads is to use ACCA, Manual J-compliant load calculation software. The old 
method of buying a Manual J book and sizing by hand is rarely used these days 
due to all the great software available. ACCA’s software and Technical Manuals 
are the bedrock of air conditioning in America. ACCA procedures are required by 
the City of Austin and many other building codes and municipal laws. 
 
A version of the ACCA software that would be useful for Environmental Controls 
II students is Rhvac. Rhvac is the software program that allows the user to 
perform sizing parameters for environmental controls design procedures 
including; Manual J (load calculations), Manual S (equipment selection), Manual 
D (duct system design), Manual T (air distribution devices), and Manual H (heat 
pumps). Taken together, all comprise the recommended ACCA System Design 
Process. 
 

Rhvac 
    * Calculates peak heating and cooling loads in accordance with Manual J. 
    * Calculates Duct Sizes, System Losses, and fan static pressure requirement   
in accordance with Manual D. Lets you enter the entire duct system, or only the 
path(s) with the highest pressure loss if you prefer. 
    * Determines building tonnage and room CFM requirements. 
    * Incorporates Manual J Addenda A, B, C, and D. 
    * Links to REM/Rate, Architectural Energy Corporation's popular home energy 
rating tool. 
    * Links to REScheck, DOE's energy codes program. 
    * Links to the Energy Gauge USA home energy-rating program. 
    * Generates a Building Rotation report that shows you tonnages and room 
CFM requirements at each rotation. 
    * Includes a Building Rotation Duct Size Preview window that shows you the 
heating and cooling CFM for each room or duct in the project for each rotation of 
the building, as well as the maximum duct size of all rotations. 
    * Calculates hydronic radiant floor tubing length required. 
    * Follows ACCA Manual J, 8th Edition. Rhvac is approved by ACCA. 
    * Computes room by room, zone, system & building. 
        * Rooms and zones can be assigned to 15 systems. 
    * Allows 1000 rooms grouped into 10 zones per system using drag and drop 
zoning techniques. 
    * Allows 20 walls, 20 windows, 8 roofs, 6 floors and 6 doors per room. 
    * New! Includes a wide selection of spray foam and SIP roofs and walls. 
    * Allows custom construction materials and descriptions. 
    * Lets you specify lists of "Favorite" materials so you can select them easier. 
    * Remembers your most recent material selections so you can reselect them 
easily. 
    * Looks up HTM & U-values or lets you specify them. 
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    * Determines Adequate Exposure Diversity status. 
    * Links to Ductsize, Energy Audit and PsyChart. The PsyChart program can 
import Rhvac system data directly into its Air Handler Model window. 
    * Displays psychrometric chart. 
    * Lets you select equipment from ARI and GAMA databases. 
    * Prints exploded color pie charts, bar graphs, and custom proposals. 
    * Allows decimal feet, feet-inches or metric length and width dimensions. 
    * Allows exterior shading (overhangs and offsets). 
    * Provides inputs for summer & winter partition temperature differences. 
 
Rhvac quickly and accurately calculates peak heating and cooling loads for 
residential and small commercial buildings in accordance with the eighth edition 
of the ACCA Manual J. The Heat Transfer Multipliers (HTM values) for all the 
walls, windows, doors, and roofs listed in Manual J are stored and automatically 
looked up by the program as needed. Although HTM values are taken from 
Manual J directly, the user does have the option of entering his own U-Value for 
each wall, roof, or glass section so that a modified HTM value is used. Design 
weather data for over 1500 cities is built-in to the program. In addition, the user 
can revise the existing weather data and add additional weather data as desired. 
The program as needed automatically handles zoning cfm adjustments. Other 
outstanding features include exterior glass shading, ventilation air, miscellaneous 
latent loads, and default room data, automatic rotation of the entire building, 
hydronic heat calculations and much more. 
 

Deliverables and Time Table 
 

The project deliverable will include a report on a six-hour tutorial on how to 
integrate the use of three, energy performance modeling software with their 
sound building design projects. The how to report will include a step by step 
procedure on the ins and outs of how to utilize the software programs in analysis 
of student design projects and will include working examples. The timetable for 
this research is for the research and report to be completed over the summer 
term and be fully implemented into the course content of Arc 334L Environmental 
Controls when it is offered in the spring. 
 

Budget 
 
Faculty salary (1/2 summer + fringe)   $4,500. 

   Fringe       $1,350 
   Graduate research Assistant 

 (50% time, 18 weeks, $15.50 hour)   $5,580 
Fringe (15%)      $837 
Graduate research Assistant)     
(50% time, 18 weeks, $15.50 hour)   $5,580 
Fringe (15%)      $837 
 
Computer software expenses related to the   $1,316 
Research 
 
Total       $20,000 
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Research Process 
2009-2010 

 
 

During the summer and fall semester of 2009, Graduate Research Assistant Steven Matten  and Professor 
Michael Garrison took a closer look at potential computer software that Environmental Controls II 
(Architecture 334) students could utilize in preparing the homework assignments that would integrate 
sustainability into the program. We started with an investigation of gbXML, Manual J and Rhvac. Of the 
three we settled on Manual J for an extensive investigation. 
 
After a detailed analysis of gbXML, Manual J, and Rhvac all three were rejected as software that should be 
utilized by third year architecture and interiors students because the amount of class time required by the 
students to learn how to use the program gbXML was determined to be excessive at this time and that the 
programs for Manual J and Rhvac were primarily used for skin load dominated buildings like residential 
structures. 
 
After additional analysis we determined that three other software programs that would be quick for the 
students to learn at this time would be more appropriate. These programs included Google SketchUp tied 
with Google Earth, eQuest thermal HVAC analysis and Rainwater Calculator. Google SketchUp will be 
tied to homework assignment, one and two which, concern solar shading and site analysis.  eQuest will be 
tied to homework, three and four which concern thermal and HVAC design integration. And Rainwater 
Calculator software which will allow students to size cisterns for rainwater harvesting. 
 
An analysis of each software is presented below: 
 
gBXML 

The Green Building XML schema, referred to as “gbXML”, was developed to facilitate a common 
interoperability model integrating a myriad of design and development tools used in the building industry. 
gbXML is being integrated into a range of software CAD and engineering tools. This interoperability 
standard reduces the time to develop a building and also assures that when the building is put into operation 
it can meet the design intent. 

gbXML: The Green Building XML schema, was developed to facilitate the transfer of building information 
stored in CAD building information models, enabling integrated interoperability between building design 
models and a wide variety of engineering analysis tools and energy performance modeling. gbXML has 
been adopted by the leading CAD vendors, Autodesk, and Graphisoft. With the development of export and 
import capabilities in energy modeling tools, gbXML has become a defacto industry standard schema. Its 
use dramatically streamlines the transfer of building information to and from energy performance models, 
eliminating the need for time-consuming plan take-offs. This removes a significant cost barrier to designing 
resource efficient buildings and specifying associated equipment. It enables building design teams to truly 
collaborate and realize the potential benefits of Building Information Modeling (BiM).  
 
After careful review of this software program, we found that far too few of the third year architecture 
design students are proficient in BIM at this time and that teaching the students this software would 
ultimately take too much scheduled class time and take away too much class time from the analysis of 
environmental control systems.  Although this software knowledge would ultimately benefit the 
architecture student we decided because of the long learning time that we should investigate other software 
programs that may be easily assimilated in the short class schedule time we are able to devote to learning 
new environmental analysis tools. However, when the use of Revit is more ubiquitous within the third year 
studios we may again return to this model because it allows interface between performance modeling, CAD 
and BIM. 
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Rhvac  
Rhvac gives you more direct information on several ways on sizing ductwork. For those who do not want 
to enter complete details about a duct system, Rhvac can still suggest the number of registers needed for 
each room, the duct size leading to each register, and the initial size of the main trunk duct. For example, if 
a family room is calculated to require 200 CFM, Rhvac will suggest two registers to deliver 100 CFM each. 
And if flex duct was specified, Rhvac will "spin the ductulator" for you and calculate using the equal 
friction method that each duct should be 6" in diameter. And if the project needed 1200 CFM total, Rhvac 
knows that the first part of the main trunk has to carry that much air and it will calculate the main trunk 
size. Automatically, for every project, Rhvac will tell you duct sizes and the initial main trunk size. 
All you have to do is say what materials (steel, ductboard, or flex duct) are being used for trunk and ducts. 
You get lots of duct info with minimal input required. If you want to do a complete Manual D duct system 
analysis and include every duct section and fitting in the project, Rhvac also provides a free Manual D Duct 
Sizer. This is a tabular input procedure where you can either enter your entire duct system or just enough to 
calculate the fan static pressure requirement using a single route or "path." This unique tool includes a 
powerful Fitting Selector dialog that makes it easy to select from hundreds of fittings from ACCA's Manual 
D. And it also has Drawing Board and graphic Manual D Ductsize options to Rhvac.  
 
The basic version of Rhvac provides complete Manual J load calculations and Manual D duct sizing using a 
simple manual entry tabular input process. The basic version of Rhvac provides no drawing capability, 
except at a demonstration level. To be able to draw floor plans and have duct sections automatically placed 
and sized on the drawing, you need to activate both Drawing Board and the graphic Manual D Ductsize 
modules in Rhvac. These modules are already inside of basic Rhvac, but operating at a demo level that 
limits the size of the building and number of duct sections that can be drawn. 
 
A major feature of Rhvac is how well it works in either a manual entry or graphic entry mode. Those new 
to computerized load calculations often wonder whether they should start with basic Rhvac or go ahead and 
start with Rhvac and its graphic options such as Drawing Board and graphic Manual D Ductsize. It is easier 
to learn a manual entry system where you type your room dimensions in than a drawing system because a 
drawing system (regardless of vendor) involves all the additional concepts of computer aided drafting 
(CAD) such as layers, sheets, scales, and much more. Learning both Manual J and CAD concepts all at 
once is harder than just learning Manual J input procedures.  
 
Rhvac is supplied with HVAC model performance data for most HVAC manufacturers. This data covers 
over 600,000 models of standard air conditioners, heat pumps, ground source heat pumps, furnaces, and 
boilers from over 250 HVAC manufacturers. HVAC data typically includes a model number, nominal 
capacity, SEER or other efficiency numbers, and the ARI reference number if applicable. Additionally, 
pictures of models for some of the more popular manufacturers such as Carrier, Trane, Goodman, Lennox, 
Armstrong, Rheem, York, Climate Master, Waterfurnace, Florida Heat Pump and others are included as 
well. Model data and pictures can be selected to appear in the reports for each system of an Rhvac project. 
 
Calculation of Manual J HVAC loads for buildings using geothermal equipment is done no differently than 
for any other type of HVAC equipment. Rhvac calculates perfectly for all types of geothermal equipment. 
What is different about ground source heat pumps is that a "loop" design also needs to be performed. A 
loop is usually polyethylene tubing that is buried in the ground or submerged in a pond. This loop connects 
the heat pump to the ground or water. The length of tubing required in the loop is a special calculation. 
Elite Software offers a program called ECA (Earth Coupled Analysis) for the calculation of ground loops in 
horizontal, vertical, and "slinky" configurations. ECA can import all necessary data from Rhvac or be used 
stand-alone. See more details on ECA.Direct exchange heat pumps use copper tubing to connect the heat 
pump to the ground. Each manufacturer provides its own chart for sizing copper loops and thus loop-sizing 
software is not required. Both ground source and direct exchange heat pumps are more expensive than 
standard air source heat pumps. 
 
 
Building Rotation Duct Size Preview  
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This window shows you the room and duct airflows for each building rotation, as well as the maximum 
duct size of all rotations. It includes every duct in the project, whether from the automatic duct sizing of the 
main trunk and all other ducts, from ducts defined with the Manual D Ductsize component in Drawing 
Board, or from ducts entered with the Manual D Duct Sizer). 
 
Room Data 
 
The Room Data window is where you enter all the information about the room dimensions, as well as floor, 
roof, wall, glass, and door material information.  
 

 
 
  
 
 

 
 
Manual D Duct Sizer 
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The Manual D Duct Sizer window calculates duct sizes and the static pressure losses of your duct system. 
You can either enter your entire duct system, or just enough to calculate the fan static pressure requirement 
(one single route, or "path"). This unique tool includes a powerful Fitting Selector dialog, which makes it 
easy to select from hundreds of fittings from ACCA's Manual D. 
 

 
Load Preview  
This window gives you an overall view of the project loads at each of the four calculation levels: Building, 
System, Zone and Room. 
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Radiant Floor Properties  
 
This dialog (shown with its dropdown help window, below) lets you document the type of floor to be used 
as well as enter the tubing spacing and heat per area. Rhvac calculates the required amount of tubing to 
meet the load, the amount needed to fill the room, the total floor heat output, and the amount of 
supplemental heat required to meet the design load. All of these results are shown on the radiant report. 

       
 
Drawing Board Window 
 
Rhvac includes a Drawing Board window, which operates at the demo level until you purchase a separate 
license for Drawing Board. The Drawing Board window enables you to enter your room data by simply 
drawing the floor plan on the screen. Below is a screenshot showing a floor plan created from within 
Rhvac. 
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 Manual J 
 
When sizing a heating and cooling system for a home, rule of thumb measurements can yield an improperly 
sized system, but the Manual J method can provide an easy to use quick method of sizing HVAC 
equipment. Manual J-compliant load calculation software analysis is now required by the City of Austin 
Building Code for each new residential buildings. 
 

• Calculates ACCA certified Manual J 7th and 8th edition load calculations, including addenda 
A,B,C and D. 

• Worksheets are easy to learn and easy to use! 
This program is quick to use as the worksheets instantly recalculate onscreen with any changes. 

• All Manual J tables are included, including mobile homes with improved sizing loads for:  
o Single-family detached homes 
o Small multi-unit structures, condominiums, and townhouses 
o Manufactured homes 

• Loads can be broken down by whole house or room-by-room with BTUs and CFMs and viewed as 
pie charts. 

• Multi-zone capability with single central VAV or multi-equipment, including the calculation of 
peak loads. 

• Simple, detailed, and blower door infiltration calculations. 
• Handles hydronics including high and low density baseboards. 
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• Fast links to ResCheck, Rem/Rate for easy code compliance. 
A sample set of output data is enclosed: 
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Google SketchUp Solar Shading Analysis 

Various methods have been described for determining shading design for a proposed building in Arc. 334L. 
These methods involve, performing calculations, using sun path diagrams, or using other tools such as the 
UTSOA Helidon. The results of these methods do not always give the architecture student the direct visual 
evidence they desire. SketchUp is a simple, and highly visual way of determining actual shading on a 
building. By using SketchUp for virtual shade analysis that shows where and how effective shading designs 
are on the building the student sees visually what any potential shading concerns very quickly. Once the 
problems become evident to the student they can use SketchUp to refine to redesign and provide another 
more improved virtual shade analysis.  
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Google SketchUp is software that you can use to create, share and present 3D models quickly. Most of the 
third year architecture students already know how to use this software and those that do not can learn how 
to use the software in a weekend. The software is also useful to build models for Google Earth, or teach 
solar shading geometry. From simple to complex, conceptual to realistic, Google SketchUp enables you to 
build and modify 3D models quickly and easily. Google Earth combines the power of Google Search with 
satellite imagery, maps, terrain and 3D buildings to add the world's geographic information to a solar 
shading site design analysis. Beyond mapping software, Google Earth is a powerful tool for viewing, 
creating and sharing interactive and highly visual location-specific information. 

1. Download Google SketchUp, a free, easy-to-use 3-D modeling program. Even if the student has never 
used a 3-D modeling program, they can learn in a very short time, to create my model. Also download 
Google Earth, a free program that lets you explore the world through maps and satellite photos. (Find both 
at www.google.com/options.) 

2. In SketchUp, model the site where the building is should be located, including surrounding structures 
and obstacles. The model can be as simple as a small section of roof or, a rather elaborate model that I will 
also be used for their design studio purposes. 

3. Launch Google Earth and navigate to the site of the solar installation. Switch back to SketchUp and, 
under the Tool menu, select "Get Current View." SketchUp imports a snapshot of the Google Earth window 
and sets the latitude and longitude of the 3-D model to the correct values, so the sun’s position and path 
will be correct. 

4. SketchUp allows you to simulate sunshine on the site at any time of day with their Shadows menu. 
Moving the Date and Time sliders in the SketchUp window can allow the student to do shadow studies. 

With the use of the SketchUp method when laying out groups of buildings, it's excellent for making sure 
that specific building features  or landscape features do or do not  shade adjacent windows during specific 
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times of days. 

 

 

 

The method is completely free apart from the time needed to create a model.  Note that fairly precise 
measurements of the structure are needed for accurate modeling. 

The SketchUp method does not give quantitative information, but it gives a quick visualization of the actual 
shadows created by landscaping and other features at various times of the day and year. From that, a good 
estimate of your shading issues can be obtained. 

 
 
 
 
eQuest 
 
eQUEST® is a sophisticated, yet easy to use, freeware building energy use analysis tool that provides 
professional-level results with a relative short learning curve. eQUEST was designed to allow you to 
perform detailed comparative analysis of building designs and technologies by applying sophisticated 
building energy use simulation techniques but without requiring extensive experience in the "art" of 
building performance modeling.  This is accomplished by combining schematic and design development 
building creation wizards, an energy efficiency measure (EEM) wizard and a graphical results display 
module with a complete up-to-date DOE-2 (version 2.2) building energy use simulation program.  
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This tool was used to conduct a whole building energy use simulation of student’s design project (after 
several optimizations using ECOTECT). This was needed because ECOTECT simulates only heating and 
cooling loads and does not simulate whole building energy use. Results from eQUEST were used as the 
basis for sizing a HVAC system and subsequently could be useful in calculating the projected carbon 
footprint of the project. Students were limited to using eQUEST’s design development wizard which 
reduced the number of needed inputs, thus making it possible for students to conduct a relatively quick and 
reasonably accurate simulation 
	  
eQuest	  
	  
This	   program	   combining	   a	   building	   creation	   wizard,	   an	   energy	   efficiency	   measure	   (EEM)	   wizard	   and	   a	  
graphical	  results	  display	  module	  with	  an	  enhanced	  DOE-‐2-‐derived	  building	  energy	  use	  simulation	  program.	  
	  
eQUEST®	   features	   a	   building	   creation	   "wizard"	   that	  walks	   the	   architecture	   student	   through	   the	   process	   of	  
creating	   an	   effective	   building	   energy	  model.	   This	   involves	   following	   a	   series	   of	   steps	   that	   help	   describe	   the	  
features	  of	  	  their	  design	  that	  would	  impact	  energy	  use,	  such	  as:	  
. architectural	  design,	  HVAC	  equipment,	  building	  type	  and	  size	  
	  . floor	  plan	  layout,	  construction	  materials,	  area	  usage	  and	  occupancy	  
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0. lighting	  system	  
	  
The	   eQUEST®	   building	   creation	  wizard	   first	   requests	   the	  most	   general	   information	   about	   	   the	   architecture	  
student’s	   building	   design,	   and	   then	   delves	   into	   progressively	   deeper	   detail.	   In	   all,	   the	   building	   description	  
process	  comprises	  23	  data-‐entry	  steps	  –	  each	  represented	  by	  a	  "wizard"	  screen.	  
	  
At	  each	  step	  of	  describing	  the	  building	  design,	  the	  wizard	  provides	  easy-‐to-‐understand	  choices	  of	  component	  
and	  system	  options.	  It	  also	  offers	  advice	  in	  the	  form	  of	  "intelligent	  defaults"	  for	  each	  choice.	  (These	  defaults	  are	  
based	   on	  more	   information	   gathered	   early	   in	   the	   description	   process).	   In	   addition,	   eQUEST®	   automatically	  
skips	  steps	  that	  do	  not	  apply	  to	  a	  specific	  student	  design.	  
	  
Although	   the	   building	   description	   process	   can	   get	   quite	   detailed,	   it	   isn’t	   necessary	   to	   complete	   every	   single	  
step	  in	  the	  wizard.	  If	  you	  choose,	  you	  can	  "bail	  out"	  of	  the	  description	  process	  once	  you	  are	  satisfied	  with	  the	  
level	   of	   detail.	   At	   that	   point,	   the	   wizard	   fills	   in	   any	   missing	   information	   using	   the	   eQUEST®’s	   "intelligent	  
default"	  process.	  
	  
After	   compiling	  a	  building	  description,	   eQUEST®	  produces	  a	  detailed	   simulation	  of	   the	   building	   building,	   as	  
well	  as	  an	  estimate	  of	  how	  much	  energy	   it	  would	  use.	  Although	  these	  results	  are	  generated	  quickly,	   they	  are	  
quite	   accurate	   because	   this	   software	   utilizes	   the	   full	   capabilities	   of	   DOE-‐2	   (the	   latest	   version	   of	   a	   well-‐
respected	  and	  popular	  building	  energy	  simulation	  program	  developed	  over	  the	  last	  20	  years	  by	  the	  U.S.	  DOE).	  	  
	  
Within	   eQUEST,	   DOE-‐2	   performs	   an	   hourly	   simulation	   of	   your	   building	   design	   for	   a	   one-‐year	   period.	   It	  
calculates	   heating	   or	   cooling	   loads	   for	   each	   hour	   of	   the	   year,	   based	   on	   the	   factors	   such	   as:	  walls,	  windows,	  
people,	   equipment	   loads	   and	   ventilation.	   DOE-‐2	   also	   simulates	   the	   performance	   of:	   fans,	   	   pumps,	   	   chillers,	  
boilers	   and	   other	   energy-‐consuming	   devices.	   During	   the	   simulation,	   DOE-‐2	   also	   tabulates	   your	   building’s	  
projected	  energy	  use	   for	  various	  end	  uses	  such	  as:	   lighting,	  plug	   loads	  (computers,	   appliances,	  copiers,	   etc.),	  
heating,	  cooling,	  ventilation,	  	  and	  pumping.	  
	  
eQUEST®	  offers	  several	  graphical	  formats	  for	  viewing	  simulation	  results.	  For	  instance,	  one	  can	  display	  graphs	  
of	   estimated	   overall	   building	   energy	   on	   an	   annual	   or	   monthly	   basis.	   In	   addition,	   eQUEST®	   allows	   one	   to	  
perform	  multiple	  simulations	  and	  view	  the	  alternative	  results	   in	  side-‐by-‐side	  graphics.	   It	   offers:	  Energy	  cost	  
estimating,	   daylighting	   and	   lighting	   system	   control	   and	   automatic	   implementation	   of	   common	   energy	  
efficiency	  measures	  (by	  selecting	  preferred	  measures	  from	  a	  list).	  
	  
Version	  2.0	  of	  eQUEST®	  provides	  even	  more	  comprehensive	  analysis	  capability.	  It	  allows	  the	  advanced	  user	  to	  
input	   additional	   building	   details	   to	   analyze	   complex	   buildings.	   A	   three-‐dimensional	   view	   of	   the	   building	  
geometry	  is	  available	  in	  this	  version,	  as	  well	  as	  HVAC	  system	  diagrams.	  	  
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Rainwater harvesting  

Rainwater harvesting systems are often designed using some statistical indicator of the rainfall for a given 
place, like the average rainfall. When the rainfall is meager and shows large fluctuations then a design 
based on any single statistical indicator can be misleading.  As an alternative, graduate TA Steven Matten 
adopted a new software program http://www.catchtexasrain.com/RainwaterCalculator.html. that takes into 
account the fluctuations in the rainfall, giving each fluctuation its right importance for determining the size 
of the rainwater harvesting system. The result of the simulation allows you to design a rainwater harvesting 
system that will meet demands reliably, that is, it allows you to find the minimum catchment area and the 
smallest possible storage tank that will meet your demand with probability of up to 95% in spite of the 
fluctuations in the rainfall. Or you can use this software to find out what fraction of your total demand can 
be met reliably. Rainwater harvesting is the capture, diversion, and storage of rainwater for a number of 
different purposes including landscape irrigation, drinking and domestic use, aquifer recharge, and storm 
water abatement. Regardless of the complexity of the system, the domestic rainwater harvesting system  
Comprise six basic components:  
 
 1. Catchment surface: the collection surface from which rainfall runs off  
 2. Gutters and downspouts: channel water from the roof to the tank  

3. Leaf screens, first-flush diverters, and roof washers: components, which remove debris and dust 
from the captured rainwater before it goes to the tank  

 4. One or more storage tanks, also called cisterns  
 5. Delivery system: gravity-fed or pumped to the end use  

6. Treatment/purification: for potable systems, filters and other methods to make the water safe to 
drink 

 
The methods of determining system sizing are shown below. In the first example, monthly average rainfall 
data are used, and in the second example, monthly median rainfall data are used for calculations. Monthly 
rainfall data for several locations in Texas are provided in Appendix B. Keep in mind that the basic 
monthly water balance calculation is Water available (gallons) = Initial volume in storage (gallons) + 
gallons captured – gallons used. In an especially wet month, gallons in storage + gallons captured may 
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exceed storage capacity; storage capacity could become a limiting factor, or a slightly larger cistern may be 
considered.  
  
Assumptions  
• Demand of 3,000 gallons/month  
• Collection efficiency of 85 percent  
• 0.62 gallons per square foot of roof area per inch of rain  
• 10,000-gallon storage capacity  
• 1,000 gallons in storage on January 1 to start out.  
 
(The water may have been collected between the time of system completion and new home occupancy) 
Irrigation volume is estimated based upon a small xeriscape landscape, and limited supplemental irrigation, 
since this example is used for potable supply.  
  

First calculate the number of gallons collected in January. Using the average value of 1.91 inches of rain for 
January in Austin, the number of gallons of rainwater that can be expected to be stored in January from a 
2,500-square-foot roof assuming 85% collection efficiency is determined from the equation: Rainfall (inches) x 
roof area x 0.62 gal/sq ft /in. rain x collection efficiency. In this example: 1.97 in. rainfall x 2,500sq. ft. 
catchment x 0.62-gallons/in. rain/sq. ft.  x 0.85 collection efficiency  = 2,595 gallons. To calculate gallons in 
storage at the end of each month, add the volume of water already in storage (1,000 gallons in this example) to 
the gallons collected and subtract the monthly demand. 1,000 + 2,595 – 3,000 = 595 gallons available in 
storage at the end of January. This calculation is repeated for each month. 
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Given that the Interiors students did not find the exercise on solar shading and site analysis helpful for their 
design work in interior design an alternative homework assignment was given to the interior design students. 
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                                                                                   Total area of all surfaces 
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