The International Energy Agency (IEA), headquartered in Paris, France, was formed in November 1974 to establish
cooperation among a number of industrialized countries in the vital area of energy policy. It is an autonomous body
within the framework of the Organization for Economic Cooperation and Development. Twenty-one countries are
presently members, with the Commission of the European Communities participating under a special arrangement.
One element of the lEA's program involves cooperation in the research and development of alternative energy
resources in order to reduce excessive dependence on oil. A number of new and improved energy technologies that
have the potential of making significant contributions to global energy needs were identified for collaborative
efforts. Solar heating and cooling was one of the technologies selected for joint activities. Cooperative research is
conducted under terms of a formal Implementing Agreement signed by the participating countries. One of the
collaborative projects, Task VIII, concerns passive and hybrid solar, low energy buildings.
The goal of Task VIII is to accelerate the technical understanding and marketplace availability of energy efficient,
passive solar homes. Fourteen countries have participated in the research - Austria, Belgium, Canada, Denmark,
Federal Republic of Germany, Italy, Netherlands, New Zealand, Norway, Spain, Switzerland, Sweden, United
Kingdom and United States.
The knowledge gained during this collaboration has been assembled in a series of eight booklets. The Design
Information Booklets in the series are listed and described on the opposite page. Information on purchasing these
booklets can be obtained by contacting the following organizations:

The U.S. Department of Energy (DOE) is the Operating Agent of lEA Task VIII: Passive and Hybrid Solar
Low Energy Buildings. Michael J. Holtz of Architectural Energy Corporation, Boulder, Colorado, serves as
Task Chairman on DOE's behalf.

Booklet No. 1 Energy Design Principles In Buildings
This Booklet is essentially a primer of heat transfer in buildings. Fundamental heat transfer concepts and
terminology are defined, followed by a discussion of heating and cooling strategies and principles for passive and
hybrid solar buildings. It is written in non-technical language for the designer or builder not familiar with general
heat transfer principles in buildings.

Booklet No. 2 Design Context
Booklet number 2 defines, in a checklist format, the issues that are unique to energy conserving, passive solar
design that must be considered early in the design process. Issues discussed include site and climate analysis,
building organization and design, building system options, space conditioning options, user influence and building
codes and zoning ordinances.

Booklet No. 3 Design Guidelines: An International Summary
Passive solar and energy conservation design guidelines have been developed by each participating country. These
guidelines are presented in national design guidelines booklets. Booklet number 3, Design Guidelines: An
International Summary, summarizes the major findings and patterns of performance observed from the
national passive solar and energy conservation guidelines.

Booklet No. 4 Design Tool Selection And Use
This Booklet addresses the characteristics desirable in a design tool and a means to select one or more for use. The
selection process is organized around the design process; what design questions are being addressed,
what information is available, what output or result from a design tool for which one is looking. A checklist is
provided to assist in design tool selection. The use of benchmark test cases developed from detailed building energy
analysis simulations is presented as a means to evaluate simplified design tools.

Booklet No. 5 Construction Issues
Construction problems unique to the use of passive and hybrid solar features are defined in this booklet as well as
several proven solutions. Due to the unique construction technology in each country, representative
construction details are provided. The intent is to define where construction detailing is crucial to the performance of
low energy, passive solar homes and provide some ideas on how these detailing problems can be solved
for a range of construction technology.

Booklet No. 6 Passive Solar Homes: Case Studies
This Booklet describes the passive and hybrid solar houses designed, constructed and monitored under the IEA Task
VIII project, as a means of showing the architectural impact of energy conservation and passive/ hybrid solar
features. This booklet reinforces the idea that good energy design is also good architecture and is cost effective.
Each of the passive solar houses is presented as a case study on the design, construction and performance results.

Booklet No. 7 Design Language
Booklet number 7 is aimed at designers, architects and educators. It defines an approach to generating
whole building solutions based on climate analysis and design context analysis. It also addresses architectural
typologies based on climatic/energy principles. This booklet forms a general, universal companion to Booklet
Number 3, Design Guidelines.

Booklet No. 8 Post Construction Activities
Post Construction Activities defines issues to be considered once the project is constructed and occupied. It
addresses those elements of the passive solar building that are unique and may require special attention by the
occupants. Performance evaluation of the home in terms of energy performance, comfort and occupant satisfaction
is also addressed as a means of providing information back to the designer on how well the project is performing.
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Design Tool Selection and Use is concerned with building
energy design tools: how they are used in the design of passive
solar residential buildings, and how to select an appropriate tool.
During the past few years, the number of energy design tools has
risen dramatically, giving building designers a better chance of
finding the right tool for their particular needs. As the options grow
more numerous and more sophisticated, however, the potential
design tool buyer's decision becomes more complicated.
Comparison among different tools is sometimes difficult, and
many of the factors that affect a design tool's usefulness are not
immediately apparent to a first-time buyer.
The purpose of this booklet is to give the building designer a
framework for selecting energy design tools. In that selection
process, the questions that potential tool users ask vendors about
design tools are important; equally important are the questions
tool users should ask themselves about their needs and
expectations regarding design tools.
This booklet focuses on three topics:

BOOKLET TOPICS

o

How design tools can assist decision-making at each
phase in the design process;

o

How design tool users can evaluate their specific
needs and which design tool (or tools) can best meet
those needs; and

o

How design tool users can effectively "shop" for
design tools by comparing the characteristics of various
tools and asking the right questions to make an
informed choice.
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Although aimed primarily at those who are beginning to consider
how energy design tools might fit into their current practice, the
information in this booklet should also be useful to designers who
are already using energy design tools, by suggesting additional
ways to apply the tool's capabilities to design problems.
The Appendix contains a list of some of the major design tools
used in each lEA Task VIII member country. This listing should
not be construed as an endorsement or recommendation of any
of these tools; likewise there may be tools of equal or better
quality which were not included in the listing. The state of design
tool development is very dynamic. Tools are often updated and
improved or surpassed by newer tools with better features. The
listing is only meant to be representative of available tools and to
serve as a starting point in the design tool selection process.
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An energy design tool is defined as any method or device
specifically created to aid in the design of energy-efficient
buildings. Many different kinds of design tools fall within this
broad definition, including, for example, engineering tools which
are used to size heating, cooling and ventilation equipment. For
the purposes of this booklet the term "design tool" will be used to
refer to tools that help make design decisions which affect energy
use, and, in particular, tools which are used in the design of
passive solar residential buildings.
Currently-available design tools fall into five broad categories:

2.1 WHAT IS A DESIGN
TOOL?

2.2 CATEGORIES OF
DESIGN TOOLS

Physical Modeling and Graphic Devices.
Used primarily for site analysis to assess solar access and site shading, this category includes design tools
for graphically plotting the sunpath at different times during the
year vis-a-vis objects on the site or on adjacent sites (Figure 2.1).
The input into design tools in this category usually consists of
values (either directly observed or chosen from a reference table)
which are plotted by hand onto a diagram or chart. The output is
generally a graphic representation of the shading patterns on the
site during various times of the day and year.
Design Guidelines. This category includes quantitative
and qualitative rules-of-thumb and similar sources of design
guidelines. Although some are quite general, the most useful
design guidelines are based on local climate data, and give
specific recommendations for such features as insulation levels
and the sizing of glazing and thermal mass.
Generally speaking, design guidelines can be said to provide a
starting point for an energy-efficient passive solar design. This is
important since, as will be discussed later, many of the decisions
which have the strongest influence over energy use are made
early in the design process. If the recommendations in design
guidelines are followed, the designer can then be reasonably
assured that whatever shape the design ultimately takes, an
acceptable level of energy performance can be expected.
Handbooks. Design manuals and handbooks generally
contain recommended procedures for designing energy-efficient
passive solar homes. Manual calculation procedures are usually
provided for determining the energy and economic performance
of different energy saving strategies. Nomographs and the
psychrometric chart also come under this category of design tool.
The input required to use these manual calculation procedures
generally includes a building description, climate data, energy
design data and, if required, economic data. The results are
usually presented as monthly, seasonal or annual heating and
cooling loads, consumption and costs.
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Programs. The proliferation of design tools based on
microcomputer programs has been dramatic, corresponding to the
growth of microcomputer use for other purposes in architectural
and engineering offices. Because of their popularity and variety,
microcomputer-based design tools are given the greatest
emphasis in this booklet.
In general, a designer will enter some or all of the following kinds
of information into a microcomputer-based design tool:
o

Building description - building size and volume; wall,
floor and ceiling area; window type, size and orientation

o

Design data - wall, floor and ceiling insulation levels,
infiltration rate; equipment efficiencies; material type and
thermophysical properties

o

Weather data - temperature, solar radiation, wind
speed and possibly other local climatic variables

o

Economic data - cost of auxiliary fuel; fuel escalation
rate; cost of conservation or solar features

The tool will then calculate the energy and economic performance
for a particular design and provide one or more of the following
basic kinds of information:
o

Auxiliary energy consumption and costs

o

Annual, seasonal, monthly, daily, or hourly heating
and cooling loads for the building, perhaps by building
component

o

Peak heating and cooling loads

o

Hourly interior temperatures

o

Economic performance of various alternative energy
conservation and solar design options

Microcomputer design tools are especially relevant in the later
stages of the design process, as greater design detail is available.
These computer programs also enable the designer to determine
the effect of varying one or more elements of the design, thus
allowing the energy performance of the building to be optimized.
Mainframe
Computers.
Simulation
programs
for
mainframe computers were the first design tools, the "ancestors"
of the current generation. They are now used, for the most part,
only by researchers. Because of the increased power now
available in microcomputers, mainframe computers are rarely
used in residential design, and thus are not discussed in this
booklet.
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The
use of design tools can accelerate the design process by quickly
identifying energy problems and opportunities and by narrowing the
range of practical solutions, thus saving time and money for both
designer and client.
Once a set of workable options is chosen, a design tool can "fine tune"
the energy-saving and energy-supply strategies and indicate what the
energy performance of the building is likely to be. The whole building
will perform more effectively because the designer will have more
information about the complex interaction between the solar features
and the other elements of the building's design.
In addition to economy in the design process and better building energy
performance, leading to higher occupant/client satisfaction, design tools
are excellent "intuition builders." Repeated use gives the designer a
greater sense of applicable design options for given climatic and
programmatic conditions. The design process can move rapidly and
smoothly when based on data from past experience.

Design tool accuracy is one of the user's most central concerns, and
one of the most complex to assess. The user will want to use the tool
with confidence and avoid liability for a design which does not perform
properly.
Although design tools do vary in accuracy, it has been established that
the majority of recently developed tools do what they say they can.
However, the designer would be wise to make the effort to evaluate the
technical accuracy and applicability of the energy design tools he or she
is considering. International Energy Agency Task VIII researchers have
developed a procedure that enables a designer or energy consultant to
evaluate a design tool against a number of simple benchmark test
cases that have been analyzed by several well-validated mainframe
building energy analysis simulations(2). By comparing the design tool
results against the simulation results, the accuracy and applicability of
the design tool can be established.
It is important to remember that design tools are very useful for
indicating whether a contemplated design change would improve or
degrade energy performance, and by how much. They are less useful
as crystal balls for predicting exactly how much energy a building will
use, or what the energy bills will be. Although building energy
calculation methods are becoming increasingly sensitive and
sophisticated, there are variables that not even the most advanced
design tools can quantify for certain, and they should be kept in mind
while choosing a design tool and while evaluating its "accuracy":
o The quality of construction - workmanship and materials
- can vary considerably from one job to the next. This
fact of life becomes particularly significant in designs that are
dependent on air and vapor barriers, mass density,
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insulation, shell integrity and other factors which are often
a part of passive solar houses. The variation in
performance introduced by workmanship and materials
quality cannot be quantified, but no one familiar with
construction doubts that it is large.
o Another major "unknown" is the efficiency of heating and
cooling equipment. Installed efficiency ratings represent a
means for comparison rather than an actual measurement
or a value to be confidently expected. Actual efficiencies
vary widely based on use, maintenance and system age,
and have a large impact on how a building's heating and
cooling loads translate into energy consumption and
costs.
o Finally, the factor most difficult to predict is the behavior of
the building's occupants. Occupant behavior alone can
cause very large differences in the performance of two
otherwise identical buildings, and may not even be
apparent until long after the design process is over. The
classic examples of occupants compromising passive
design are drapes covering direct gain windows and wallto-wall carpet over the carefully-sized thermal mass. (See
Booklet No.8, Post-Construction Activities, for information
on occupant effects.)
The adjoining graph hypothetically estimates the energy
performance variability caused by the above three factors. The
numbers are approximations for purposes of illustration.
Considering these "unknowns" and their relationship to building
performance, two important lessons for design tool users can be
drawn:
1. Current residential energy design tools, if properly
used, will predict energy consumption of a particular
building to a reasonably accurate degree. Thus they can
also be used with confidence to assess the change in
energy use associated with a change in building design.
2. While it is theoretically possible to accurately predict
the future energy costs of a design, it would entail detailed
information about the specific climate, occupancy
behavior, workmanship, world events, and many other
factors, and few designers have access to such
information. Thus, a designer must be aware of the
limitations posed by unknown factors when using a design
tool to predict future energy costs. While this type of
information may be requested by a client or used to
arrange financing for the building, the prediction can only
be an approximation of potential future energy costs and
should be presented with the appropriate caveats and
qualifiers.
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The design process for a passive solar building is fundamentally
the same as for a "conventional" building. Passive solar design
does pose new issues, however, related to climate and to the
building components that influence energy use. Energy design
tools can help designers deal effectively with the complexity of
these passive solar design issues, identify and resolve energy
use problems, as well as analyze and fine tune the energy
design.
However, design tools do not make design decisions or even
suggest design modifications; they simply provide information
that will help the designer make those decisions or indicate the
impact of a decision or design modification.
Consequently, as the first step, the designer should have a good
working knowledge of the basic concepts of passive solar design.
Design tools are not a substitute for knowledge, but a means of
quantifying, refining, and calculating the impact of the design
decisions. Design Information Booklets No.1 (Energy Design
Principles in Buildings), No.2 (Design Context), No.3 (Design
Guidelines: An International Summary), and No.5 (Construction
Issues) provide valuable information on passive solar design
necessary to achieving a successful project.
Armed with information on the fundamentals of passive design,
the designer can proceed to utilize one or more tools to assist in
the energy-related decisions that must be made during the design
process, to identify and resolve potential problems, and to assess
the energy performance of the building.
The building design process is generally divided into the following
phases (although terminology may differ from country to country):
o

Pre-Design (Programming and site analysis)

o

Schematic Design (Also referred to as the
conceptual design phase)

o

Design Development (Design refinement and
material specification)

o

Construction Documents (Design refinement and
detailed drawings and specifications)

o

Construction Observation (Ensuring design
compliance)

At each phase of the design process, a different level of
information is available to the designer, progressing from rough
ideas in pre-design to very detailed information in construction
documents.
Design tools are available for a variety of functions and levels of
complexity. Some are intended to be used during specific design
phases; for example, site analysis tools for pre-design, and
microcomputer programs during design development for fine7

3.1 THE DESIGN
PROCESS

tuning a design. Few tools are flexible enough to be equally useful
throughout the design process. However, in actual practice the
lines between design phases are not always clear-cut, and some
design tools can be useful during more than one phase. For
example, design guidelines can help during both the pre-design
and schematic design phases, and microcomputer programs can
help set goals during pre-design and also make precise
calculations for energy code compliance in the later stages.
A discussion of the energy-related activities and decisions that
take place in each phase and the appropriate tools is found in the
following sections.

3.2 THE PRE-DESIGN
PHASE

ENERGY RELATED ISSUES IN THE
PRE-DESIGN PHASE

The best opportunities for improving a building's
energy performance exist early in the design process, when basic
decisions are made about the building's site, orientation,
configuration, and the passive solar strategies to be employed. As
it happens, however, the majority of design tools are applicable
only in later stages because they require the input of details which
are usually unavailable in the early design stages. Nevertheless,
quite a few tools are available for the pre-design and schematic
design phases which can serve as useful starting points for
effective building concept generation.

The pre-design phase consists primarily of programming and site
analysis. The major energy-related issues which must be
addressed during this phase are:
1. Identification of the key energy use problem(s) and possible
solutions;
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2.

Development of realistic energy performance goals;

3.

Climate assessment; and

4.

Shading analysis.

These initial activities are essential to the energy design process since
the data gathered and decisions made at this early stage will have an
important impact on the later design phases and establish the
foundation for a successful passive solar building. The energy-related
activities and the relevant tools for this design phase are discussed
below.
Ultimately, the energy-efficiency of the building will be determined by
how well the designer was able to identify the key energy use
problem(s) and capitalize on opportunities for reduction of conventional
energy use. To do this, the designer must understand the energy load,
its components, and daily and seasonal variations.
A microcomputer design tool can be useful for breaking down total
building energy use into its end-use loads, which in residential
buildings is typically heating, cooling, and to a lesser extent lighting,
domestic hot water, and other miscellaneous uses. Although for any
given climate the relative importance of these broad categories is easy
to assess, a design tool can break energy use in each major area down
further. For instance, heating and cooling loads are comprised of:
o infiltration (heating and cooling)
o ventilation (heating and cooling)
conductive loads for various building components (heating and
cooling)
radiative loads for various building components (heating and
cooling)
solar loads (cooling)
lighting, occupants and appliances (cooling)
To determine the energy load, its components and variations, the
designer would develop a base case conventional house since details
about the future design are not yet available. The microcomputer
program is then used to analyze the energy loads and expected
performance of that base case house.
With an understanding of the energy loads and energy use patterns for
conventional homes in that climatic region, the designer can begin the
critical task of identifying those passive solar and energy conservation
strategies and devices he wishes to employ to reduce purchased
energy consumption. The strategies selected will manipulate the load
by minimizing conductive heat flow, minimizing infiltration, increasing
solar gain and thermal storage, promoting ventilation cooling,
minimizing solar gain, or minimizing external air flow to create a
comfortable
interior environment during various seasons while reducing
conventional energy consumption.
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However, each load component interacts with other components
and changing one may affect the others. Some design strategies
affect two or more categories. Later in the design process, the
same design tool used to model the base case house can be used
to help study and track these complex relationships and their
impact on energy performance for the design under development.
ESTABLISHING PERFORMANCE
GOALS

Ideally, passive solar and energy-efficient design should be
based on specific and realistic energy performance goals
established at the beginning of the design process and refined as
necessary. Establishing the energy performance goals of a project
is usually done at the same time as identification of energy use
problems, using the same design tool. The energy performance of
the base case building is used to derive reasonable performance
expectations for the passive solar house in that location (Figure
3.5).
In addition to the reference point provided by the energy
consumption of comparable non-passive solar houses,
performance goals should be based on:
o

An understanding of the microclimate in which the
house will be located. The microclimate may be
significantly different than the climate data used by the
design tool

o

Energy regulations and standards for residential
buildings

o

If a speculatively built house, the market
requirements of the anticipated design

o

Tradeoff between cost and energy savings

o

Client preferences

Later in the design process, the microcomputer software can be
used to evaluate what the space conditioning load will be as a
result of the energy conservation and passive design features.

CLIMATE ANALYSIS

Residential energy consumption is determined primarily by
climate, making adequate information on solar radiation and other
meteorological parameters essential to energy efficient design.
While experience in a given climate is often sufficient for
identifying the basic energy problem or problems, more specific
data are required for effective passive solar design. In fact,
climatic data are utilized in most phases of the design process.
For example, most microcomputer tools require solar radiation,
ambient air temperature and other weather data for their building
energy calculations. Design guidelines are also based on climatic
data, although such information is generally embedded in the
guidelines. And as indicated previously, climatic data are required
in the pre-design phase to analyze conventional building
10

performance and to establish energy performance goals. For
these reasons, climatic data collection should be an initial activity
in the design process so that the information will be available as
required during the design process.
Climate analysis requires acquisition of appropriate microclimatic
or local solar radiation and weather data. Although collection of
regional weather data is sometimes considered sufficient, in point
of fact, a distance of even a few kilometers can make a significant
difference in weather patterns and what design solutions would be
effective. Therefore, local or site-specific weather data are
preferred and will be more useful to energy efficient design.
Design tools typically require hourly, daily, or monthly average
climatic data. Generally, design tools that use shorter time
periods of weather data - hourly vs. monthly, for example -provide
greater detail on component dynamics and temperature. The
following weather data is typically required, particularly by a
microcomputer simulation:
o

Hourly total solar radiation incident on a horizontal
surface, divided into direct and diffuse, month by month

o

Average hourly dry bulb temperatures, month by month

o

Average hourly wet bulb temperatures or average
hourly relative humidity, month by month

o

Average hourly wind speed and direction, month
by mo nth

o

Average number of days per month with frost, fog,
snow and overcast skies

A microcomputer program can analyze and structure the climate
data to provide answers to the following questions:
o

During what periods of the year are heating and
cooling required?

o

During what periods of a 24-hour cycle are heating
and cooling required (a full answer to this question might
include analyses both of temperature swings and of
occupancy patterns)?

o

Are there periods when little or no conditioning is
required? If so, can these periods be extended through
careful building design?

o

Is adequate solar radiation available for efficient
passive solar design?

o Will added thermal mass be useful in reducing heating
' and cooling loads?
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DESIGN TOOL CLIMATIC DATA
REQUIREMENTS

Booklet 2 (Design Context) contains a complete discussion on the
kinds and sources of climatic data that will be useful in the design
process as well as the format in which data are provided. This
latter information is important since various design tools often
have different requirements regarding the format in which
the weather data must be entered.
SHADING ANALYS ISAn initial task facing a designer of a passive solar
home is analysis of the site from the perspective of building orientation,
geometry and solar access. The objective is to achieve a building
configuration and placement which maximize solar contribution and
minimize undesired shading from nearby vegetation or buildings. For this
task, a number of shading analysis tools are available, primarily physical
modeling devices and graphic methods (although some computer
methods have also been developed for this purpose), which will indicate
shadows cast by the surrounding environment and by the building itself.
An example of a simple but effective site analysis tool is the southern
skyline plot. To prepare a skyline chart, the following are needed: (1)
a transit or compass, (2) a hand level, and (3) a copy of the sun chart
for the site's location. A sun chart graphically indicates the position of
the sun at each hour of each month of the year. In such charts, local
time has been converted to solar time by applying correction factors
to take into account rotation of the earth, difference in longitude
between location and standard meridian of the time zone, and
daylight savings time when in use. An example of a sun chart is
shown in Figure 3.7.

The input for the skyline plot includes 17 measurements of skyline
altitude, and azimuth and altitude angles for objects and trees on
the skyline. The output is a sun chart on which the skyline has
been plotted with the open areas indicating times when the sun
will reach that point on the site. An illustration of a completed
skyline plot is shown in Figure 3.8.
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Tools such as these illustrate an important point about the predesign phase. The tools are fairly simple, and the output is fairly
simple as well, yet solar access is probably the most fundamental
element in a passive solar design, and if the solar access is
compromised, very little can be done to correct the mistake at
advanced stages in the design.

By the beginning of the schematic design phase, the following
information should be available:
o
Climatic data
o
Solar access analysis
o
Approximate building size
o
Space organization and relationship diagrams
o
Occupant lifestyle and building use patterns
o
Preliminary estimate of annual space conditioning needs
o
A preliminary range of energy performance goals
o
Candidate energy saving techniques
During the schematic design phase, the actual design of the
building begins and evolves rapidly. A good energy design tool for
this phase must provide a sound starting point for the design and
allow the designer to quickly choose and evaluate proposed
passive solar strategies.
The most useful type of tool in this phase are design guidelines.
They contain recommended levels, ratios or sizes for the various
elements of the passive solar design and often for other energy
saving strategies as well. Figure 3.9 illustrates the energy design
features typically covered in a set of design guidelines.
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3.3 THE SCHEMATIC
DESIGN PHASE

Design guidelines generally require little input by the user, making
them easy to use. They are typically developed for a particular
region of a country or a specific city and are generated using the
appropriate microclimatic weather data. As such, the user must be
careful to use guidelines suitable to the building location.
Design guidelines are extremely useful in providing a "startingpoint" for energy design. They typically describe a range of energysaving design options, recommended levels, sizes or types for
each option, and often how energy performance will change if the
recommendations are not followed. Sometimes the financial
consequences of modifying a design strategy are provided.
Although guidelines with many different levels of complexity are
available, most assist in roughly sizing the components of the
passive solar design (for example, glazing type, area and
location; thermal mass levels and configuration; insulation levels,
and so on) and help define a basic energy-efficient home. The
basic design can then be elaborated and refined with the
confidence that an effective foundation for the design has been
generated and significant energy problems have been avoided.
Excerpts from several design guidelines are found in Figures 3.10
- 3.13.

As the building design progresses into the design development
stage, the following information is available:
o
o
o
o
o
o
o

Building location on site
Building orientation and configuration
Preliminary floor plans, elevations and sections
Initial energy design strategies selected and
represented on the drawings
Basic building skin materials and insulation values
Rough estimate of opaque and glazed surfaces and
orientations
Initial identification of heating and cooling systems

At this stage, the passive solar and energy saving strategies
incorporated during the schematic design phase will be refined as
more and more details of the design are developed and frozen.
The primary tools for the design development phase are
microcomputer programs capable of performing detailed energy
analysis. At this point, the level of detail required as input by most
microcomputer tools is available, making it possible to utilize their
analysis capability to calculate the energy performance of the
passive solar house.
The analysis is based on a building description, including the
energy design strategies selected and local climate data. The
energy performance is usually expressed in terms of auxiliary
energy required or heating and cooling loads and often interior
temperatures and peak load information.
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3.4 DESIGN DEVELOPMENT
PHASE

Microcomputer tools are valuable because they:
o

allow quick, accurate comparison of many energy
design strategies;

o

are capable of assessing the combined performance
effect of varying one or more elements of the design; and

o

can be used to "fine-tune" or optimize an energy
design strategy.

In addition, some microcomputer tools, and even some
nomographs, can examine economic as well as energy
considerations. Since many strategies must be examined in the
context of local economic conditions (for example, cost of fuel,
cost of money, interest and fuel escalation rates), an economic
analysis capability is often advantageous.
Microcomputer programs are also suited for the final energy
calculation often required for compliance to a local energy code,
energy rating system or loan approval.
Since the design development stage is a highly iterative process, a
tool which allows quick design modifications without a lengthy input
process is desirable since the designer typically will want to
investigate a number of possible solutions.
It is also important to remember that although "detail of output
depends on detail of input" is a good general rule of thumb, the
amount of input detail does not necessarily dictate the quality of
output. Too much detail in input can even increase user error, and
so become counterproductive.

3.5 CONSTRUCTION
be resolved before beginning
DOCUMENTS
AND CONSTRUCTION
OBSERVATION

Major energy design issues should

preparation of construction documents; thus, the work of energy
design tools are normally completed by this stage.
Nevertheless, it should be mentioned that the preparation of
construction documents and the supervision of the actual
construction are critical to achievement of energy performance
goals. Special attention must be paid to clarity when specifying
innovative components or details which might be unfamiliar to
contractors or construction workers. Design intentions, particularly
those related to passive solar energy-efficient building features,
are easily compromised during construction. As discussed
previously, variations in construction quality and material selection
can have a large impact on how well the design translates into
actual building performance. Observation of building construction
should be done by the designer, if only to gain an appreciation of
the potential for errors and variation during construction (see
Booklet 5, Construction Issues).
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The following discussion on design tool selection applies
primarily to evaluating the features of microcomputer design
tools, since they are usually the most costly to acquire and the
most complicated to evaluate.
The most important information a designer can bring to the
design tool purchase decision is a clear understanding of how he
or she intends to use the tool: for example, what kind of building
and energy features will most often be analyzed, is economic
analysis capability desired, what level of output detail is required,
how "computer-literate" are the people who will routinely use the
tool?
The answers to those questions will eliminate some tools from
consideration, thus narrowing the field of candidates. The
purchaser should then look closely at the basic characteristics
and features of tools which appear to meet his or her user
requirements.
Generally speaking, a microcomputer tool for evaluating passive
solar residential building designs should be able to answer the
basic question:
Does a design modification reduce or increase seasonal
energy loads/consumption?
Although not all design tools can do so, another important basic
question a tool should help answer is:
Does the modification reduce or improve thermal
comfort?
Many energy design tools have the ability to calculate these
factors, or claim to. Therefore, an initial screening process is
important to reduce the number of tools being considered. In that
screening process, the "shopper" should determine whether the
design tool is able to:
o

Evaluate detached single family and/or multi-family
TOOL CAPABILITIES residential applications

o

Calculate monthly, annual and/or seasonal energy
consumption, divided into major use categories

o

Calculate peak heating and cooling loads

o

Evaluate or model desired passive solar and energy
conservation strategies (direct gain windows, sunspace,
thermal storage wall, and so on)

o

Consider window shading (e.g., overhangs, interior or
exterior blinds or curtains, trees, adjacent buildings and
so on)

o

Handle more than one passive solar strategy
simultaneously
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o
Evaluate different types and thicknesses of thermal
mass
o

Indicate typical daily energy use and temperature
profiles (not a common feature, but a very useful one)

o

Indicate the economic implications of a design change

o

Predict energy costs for the designed building

Few tools provide all these capabilities, so a designer must
develop reasonable priorities based on experience, location and
anticipated use.

Beyond the basic capabilities outlined above, there are a number
of features that will strongly influence a design tool's usefulness to
the designer and are important for the user to assess prior to
selecting a tool. These features are considered individually below.
Design tool developers use a number of methods for verifying the
accuracy of their tool. The most common procedure is to test the
results of a new design tool against another respected and more
detailed tool or analytical model. Developers are generally familiar
with a variety of tools and can easily make comparative runs to
develop percentages of variance. These are often presented to the
user by stating that the tool is accurate to "within plus or minus 10
percent" of another tool. Reliability testing information is also often
represented graphically for each load component, and is probably
more useful in this form.
Validation of design tools against high-quality empirical data sets,
with all variables carefully controlled over a significant time period,
is highly desirable. It is seldom done except for detailed research
tools because it is an expensive and time-consuming process,
normally beyond the resources of most tool developers.
However, in lieu of comparison to measured data, design tool
results can be compared to the results of detailed building energy
analysis models. An International Energy Agency Report entitled
"Design Tool Evaluation: Benchmark Test Cases" contains a
number of benchmark test cases that have been analyzed by
several validated simulation programs (3). The input data needed
to evaluate these cases with a simplified design tool is provided
along with the results for several climates. The design tool
purchaser should request the tool developer to make these
comparison runs or make the runs himself.
Regardless of the method, it is extremely important that the
technical accuracy and limitation of the design tool be determined.
Without this technical check, it is not possible to know if
reasonable values are being calculated by the tool.
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When evaluating design tool output against building performance
data or output from other design tools, caution must be used with
comparative values that sum various energy use or load
components. For example, total energy use is made up of both
heating and cooling energy. It would be possible for two tools to
correspond closely in annual values while calculating significantly
different values for both heating and cooling.
Such effects are called "compensating errors," and they can only
be discovered if both sets of output or performance data are
broken down into similar component parts. Because these errors
can mask inaccuracy, it is wise to verify tool performance against
another respected tool -- as opposed merely to comparing outputs
-- so that specific load or energy use components can be
compared.
The usefulness of a design tool is often a reflection of the
complexity and clarity of the input and output data. The most
powerful design tool may never be used if entering of building data
is too cumbersome and if output data are too voluminous and
complicated to interpret, or are poorly presented. On the other
hand, the output may be in charts and graphs that are impressive
to clients but not very helpful to designers. Thus, the form and
level of input and output must be carefully assessed by the user to
determine whether they are appropriate to his needs and
experience.
Many design tools offer a selection of output formats and detail,
allowing the user to match output complexity to a specific job or
design phase. In addition, several tools now produce output files
that are compatible with popular spreadsheet programs, expanding
options for graphics and output manipulation.
An important feature of some computer-based design tools is an
"error-trapping" or "error-checking" capability which will reject or
note illogical input values. Basically a function of computer
programming sophistication, error-trapping can save time by
pointing out input errors as they occur. In addition, programs with
this feature deliver an error message or wait for an appropriate
input, rather than requiring the user to start the input process all
over again if a mistake is made.
A design tool certainly should not be so complex that the user
needs a lengthy manual to use it, but the manual should serve two
important functions:
o Direct a novice in the use of the tool; and
o Present some detail on the technical aspects of the tool's
development, reliability and calculation
methodology.

19

In the second capacity, the manual should serve as a reference
book for the user, offering as much information as might be
needed on the more subtle aspects of using the tool. The ideal
manual would answer all the tool buyer's questions about the tool's
strengths, weaknesses, ease of use and technical background.
Unfortunately, buyers must usually settle for manuals that are
somewhat short of ideal, but a buyer should look carefully at the
manuals of the different tools he or she is considering, and ask the
question: which manual clearly provides the information I will need
to use the design tool?
Many computer design tools also feature separate engineering
manuals, or have engineering sections in the user's manual.
These engineering manuals provide detailed information about the
algorithms, programming, and so on, and can be quite useful to
someone interested in a greater level of detail.
Despite serious attempts to make design tools user-friendly and
understandable, additional information from the tool developer is
often helpful, particularly when trying to configure design tools for
various computer systems or printers. Some tool developers offer
a specific level of technical support to the user as part of owning
the tool. In most cases, a potential tool buyer can get a good idea
of the level of technical support necessary with a particular tool by
talking to someone who already uses the tool, or by making a
telephone call directly to the tool developer.
Some design tools have the capability of supplying "default"
values if the actual values are not yet known or not yet developed.
In the early design stages, this can be very helpful. However, the
user should know exactly what values are assumed and the
technical basis for these assumptions. This is especially true of
"expert systems," and other sophisticated programs that attempt
to eliminate detailed input requirements.
Whether the tool will automatically use a default value, if the user
does not enter a required input value, is an important fact to know.
The resulting tool may require less knowledge and save input time
and cost, but the assumptions may also lead to inflexibility and
potential errors. Even if the user decides to use the default values
for easier input and saved time, he or she should at least be
aware of the assumptions, so that extra caution can be exercised.
The original computer language text that directs the operation of
the microcomputer design tool is called the "source code." The
running version is usually compiled in a process which decreases
the code run time while rendering the code impossible to read or
retrieve. The technically knowledgeable tool user may be
interested in obtaining an annotated source code for the design
tool, as a means of finding out exactly how the tool is handling
various components or variables, and to help the user update or
customize a tool to meet specific needs. Often, however, the
source code is not available, and at any rate, for the vast majority
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of users the source code is no more interesting or relevant than
the inside of a TV set. However, if it is likely that modifications to
the source code will be made, and if the expertise exists to make
these changes and recompile the code, then the ability to
purchase the source code becomes an important design tool
selection criterion.
User-Friendliness refers to the ease of use of a particular tool.
The perception of user-friendliness will be influenced by a user's
background, orientation and personal preferences. It is therefore
difficult to provide specific guidance other than to say that when
selecting a tool, the prospective user should attempt to assess (1)
its suitability for the level of experience of the operator, (2)
probable learning time, (3) speed of operation, (4) ease and
number of inputs and other factors which will affect the
convenience of the tool.
When shopping for a microcomputer-based design tool, the user
should understand the equipment required by each tool he or she
is considering. This includes (1) the micro-processor - a math coprocessor may be required, (2) the display requirements - what
graphics and color capability and resolution are needed for the
monitor, and (3) the printer or plotter requirements to handle the
numeric or graphic output.
In addition, the designer should ascertain that the program is
written for the operating system of the machine he or she will use
and that the amount of memory required to run the program is
available.

In addition to reading literature provided by design tool
developers and vendors on their products, a number of other
options are available to the designer for gaining information
before purchase.
The ideal situation would be for the designer to have an
opportunity to work extensively with the tool before buying it, but
such opportunities are rare. Sometimes, however, vendors offer
demonstration disks that do everything but calculate. These are
not expensive, and their cost is generally applicable to the tool
purchase price. The use of these demonstration disks is an
excellent way to get a feeling for the user-friendliness, input
format and complexity of a tool. If demonstration disks are not
available, the next best option is to attend a demonstration of the
tool at energy conferences and trade shows.
In addition to product literature, the tool purchaser can find a
number of non-proprietary articles on design tools in building and
architectural trade magazines (5,6). Articles about individual solar
buildings are also a good source of design tool information; the
designers of the building usually indicate what design tools they
employed.
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EVALUATIONS AND SURVEYS A number of design tool evaluations and surveys have been
completed by lEA Task VIII (1, 2, 3) and other organizations,
offering fairly complete listings of tools and results of tool testing.
While these are useful for scanning the large number of tools for
likely candidates, and for comparing tools, the buyer should
remember that the field changes rapidly. Tools that are worth
owning and using are updated periodically and occasionally even
changed radically to add improved algorithms and capabilities, or
to take advantage of advances in microcomputers.
EXPERIENCED TOOL USERS

Finally, some of the most up-to-date information on design tools
can be obtained from those who regularly use them in solar design.
Many such individuals and firms have played a significant role in
the advance of passive solar design and are quite knowledgeable
about design tools and their evolution.
Often, these practitioners can be located through trade journals,
local architectural societies, the architecture department in local
universities, or the national solar energy association. Also,
innovative building projects are often covered in the popular press.

4.4 CHOOSING A
DESIGN TOOL: A
BASIC CHECKLIST

The following questionnaire and checklist is intended to serve as
a practical guide to be used during the design tool selection
process. It should be used in conjunction with the previous
material in this booklet so that the terms and characteristics
mentioned in the checklist will be clearly understood. The general
emphasis is on selection of microcomputer-based tools. These
same checklists are presented in Appendix B in a full page format
so that they can be copied and used during the design tool
selection process.
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The value of energy design tools for achieving significant building
energy savings has been well-established over recent years. The
"right" design tool can save a designer time and money, improve
client satisfaction, suggest energy opportunities that might
otherwise be overlooked, and solve energy problems while they
are still on the drawing board instead of built into a house that will
be occupied for fifty or more years.
Although it is true that choosing a design tool involves careful
preparation and that a design tool's performance can be
influenced by many and often subtle factors, the prospective tool
user should not be intimidated. Design tools are more
sophisticated than ever before, and many of the problems present
when the technology was new have been worked out over a
period of intense research and widespread use. Buildings
designed with the help of design tools have been studied and,
more importantly, occupied for some time, so that the accuracy of
tools has been substantiated by actual performance.
The likelihood that a reasonably well-informed buyer might make
a "mistake" and choose an irretrievably "wrong" design tool is
relatively minor, compared to the many benefits to be gained from
designing energy-efficient, high-quality buildings with the help of
energy design tools.

