
nagers, Architects, and Engineers 

Order 12902, which was passed in 
1994, challenges Federal building 
managers to reduce the energy con- 
sumption of these facilities 30% from 
1985 levels by the year 2005. 

To meet this challenge, you have 
been directed to incorporate energy 
efficiency, renewable energy, and, 
specifically, passive solar design into 
all major projects when it is techni- 
cally and economically feasible. But 
how do you do it? The information 
presented here will help you initiate 
and manage the procurement and 
design process and answer many of 
your questions, such as: How do I get 
my design team to consider whole 
building and passive solar perfor- 
mance? How much analysis is 
enough? How much should it cost? 

I 

The Challenge 
Because low-energy design repre- 

sents both a load reduction strategy 
and a renewable energy source, it is 
essential to consider low-energy prin- 
ciples at the beginning of the design 
process. But how do you do it? 
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Because of the diversity of Federal 
projects, it is impossible to define a 
single energy design and procure- 
ment process. Nevertheless, by under- 
standing and following the guidance 
given here, you can optimize the use 
of energy resources in your new 
construction and renovation projects, 
saving U.S. taxpayers millions of 
dollars. 

Achieving superior building 
energy performance requires a com- 
prehensive effort that begins during 
programming; moves through the 
selection of architectural and engi- 
neering professionals; continues 
through schematics, design develop- 
ment, and construction documents; 
and culminates in building construc- 
tion and commissioning. Superior 
building performance must then be 
sustained by conscientious mainte- 
nance and confirmed by 
monitoring. 

Incorporating low-energy and 
climate-responsive strategies requires 
a unique perspective, that of whole- 
building performance. This means 
learning to balance heating, cooling, 
and lighting requirements using both 
energy efficiency and renewable 
energy. It also means understanding 
the interactive effect of architectural 
decisions such as orientation, the 
amount and location of glazing, and 
the placement of thermal mass and 
insulation on heating, cooling, and 
lighting. 

If low-energy building design is 
so great, why isn’t everybody using 
it? In part, because evaluating these 
complex trade-offs requires some type 
of analysis. The tools to evaluate these 
trade-offs used to be cumbersome 
and expensive. However, a new gen- 
eration of software has made this 
process both easy and accurate. With 
the Federal Energy Management 
Program (FEMP) as an advocate and 
you as project champion, more build- 
ings can benefit from low-energy 
design. 

Project Manager Checklist- 
Getting Started 

Do members of the in-house 
project team understand what is 
meant by low-energy building 
design and whole-building 
performance? 
Is someone on the project team 
prepared to act as a ”champion” 
for low-energy building design 
throughout design and 
construction? 
Are members of the project team 
committed to sustaining a focus on 
energy performance throughout 
all phases of the project? 

Programming 
Establish Low-Energy Building 
Design as a Project Goal 

A critical first step of every project 
is to explicitly define goals. This is 
particularly true for building energy 
performance. A general goal for most 
Federal projects is to produce “a 
beautiful, sustainable, cost-effective 
building that meets its program, 
encourages productivity, consumes as 
little nonrenewable energy as possible 
through the use of passive solar 
design, energy efficiency, and the use 
of other renewable resources.” To the 
extent that the energy performance 
of a project can be clearly and quanti- 
tatively stated at the beginning of 
design and construction, the more 
likely it is to be factored into all 
decisions throughout the process. 

Establishing energy performance 
goals can be difficult if your agency 
has task order contracts to develop 
building programs with architects 
and engineers that were selected 
because of expertise in specialties 
other than energy efficiency and 
passive solar design (such as 
life safety, seismic design, or accessi- 
bility). Consider writing very specific 
language into your new requests for 
proposals that stresses the need for 
indefinite-quantity contractors to 
demonstrate expertise in energy 
efficiency and the use of renewable 
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Figure 1. This sample Energy-20 "Autobuild" report is suitable for inclusion in program- 
ming documents to indicate energy performance targets. 

energy sources in building design. 
Indicate that they will be responsible 
for developing specific energy con- 
sumption targets and that, if they do 
not have the expertise on staff, they 
must demonstrate the ability by hir- 
ing knowledgeable consultants to do 
the job. 

Use Appropriate Language 
Many Federal agencies, such as 

the General Services Administration 
(GSA) and the Department of 
Defense, already use appropriate lan- 
guage in their contracts that encour- 
ages the use of low-energy building 
design and renewables in all new 
construction and major renovations 
wherever technically and economi- 
cally feasible. This language, how- 
ever, often dates back to the late 1970s 
and early 1980s, and does not provide 
usable guidance or direction to con- 
tractors and other design profession- 
als. Therefore, it is necessary to first 
review existing agency documents 
and determine how their directives 
can be used to encourage the use of 
low-energy design and other renew- 
ables. For example, the GSA prospec- 
tus development study (PDS) process 
clearly allows for energy and passive 
solar performance to be prominently 

called out as a fundamental design 
criteria, or what they call "functional 
objective," in the Building Systems 
Matrix that summarizes project goals. 

Define Energy Performance Targets 

It is a quantitative measure, or goal, 
of the maximum expected energy 
consumption for a structure based on 
accepted calculation procedures. 

In smaller projects (projects of 
approximately 10,000 ft2 or less with 
only one or two thermal zones, such 
as warehouses, small offices, or indi- 
vidual residences), use of quick, 
design-based, climate- and program- 
specific energy software such as 
Energy-10, Building Design Advisor, 
or Energy Scheming during program- 
ming can be helpful. Using these soft- 
ware packages, Federal managers or 
their subcontractors can incorporate 
numerical energy targets, including 
breakdowns of estimated energy con- 
sumption for heating, cooling, and 
lighting, into their program docu- 
ments. Incorporation of this kind of 
information in a program statement 
provides a criteria against which to 
evaluate subsequent design perfor- 
mance (see Figure 1). 

For larger multizone projects such 
as laboratories or high-rise office 
buildings, it will be necessary to run 
more complex software packages 
such as DOE ZlE, Blast, or the equiv- 
alent to generate similar estimates of 
energy consumption. Because this can 
be time consuming and expensive, as 
an alternative, national average 
energy consumption data by building 
type (available through the Energy 
Information Administration [EIAI, 
part of the U.S. Department of 
Energy) can be referenced and cited 
as targets to be met or exceeded in the 
course of the project. 

For example, according to the EIA, 
in 1994 the average office building in 
America consumed energy at the rate 
of $1.54 per square foot. Although 
actual energy consumption for any 
given office building can deviate 

What is meant by an energy target? 
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significantly from this national mean 
because of a wide range of factors, 
including building size, local climate, 
mechanical system control strategies, 
utility rates, maintenance practices, 
and occupancy schedules, it does 
provide a useful point of reference. 

cally realistic to reduce energy costs 
from 30% to 50% below national 
averages if an optimum mix of low- 
energy design strategies is applied to 
the building design. These strategies 
might include optimized glazing and 
insulation, daylighting, shading, and 
passive solar heating. Even greater 
savings are feasible when advanced 
technologies and techniques are 
employed. 

This suggests that an annual sav- 
ings of between $0.45 and $0.75 per 
square foot of office building is a rea- 
sonable estimate of the maximum 
cost savings possible from the use of 
energy-efficient design. However, if 
you compare energy consumption in 

In new office design it is economi- 

your new design to a hypothetical 
"base-case" building (see p. 6) rather 
than to the national mean for existing 
structures, the possible savings will 
be more modest. In this instance, sav- 
ings might be expected to range from 
$0.20 to $0.30 per square foot per 
year, depending critically on the defi- 
nition of the base-case building. 

It is usually not wise to establish 
these numerical goals as absolute proj- 
ect criteria. The great variety of build- 
ing types, programs, and conditions 
makes such rigid goals questionable 
and difficult to enforce. Nevertheless, 
incorporating this information into a 
programming document conveys the 
seriousness of energy consumption 
and the use of low energy as a design 
issue. By asking potential contractors 
to comment on this information in 
their proposal submissions, you can 
evaluate the energy responsiveness 
and insights of design contractors. 
Project Manager Checklist- 
Programming 

Has the goal to employ low-energy 
building design and other renew- 
able energy strategies (such as day- 
lighting and passive solar heating) 
whenever economically and techni- 
cally feasible been stressed in pro- 
gram documents? 
Has achieving superior whole- 
building energy performance been 
highlighted as a written project 
goal? 
Have quantitative targets been 
established to help evaluate the 
energy implications of design 
decisions? 
Has the use of energy design tools 
and software been encouraged? 

Choosing Design 
Professionals 

Presently, there is a wide disparity 
in the energy sensitivity and interest 
among design professionals. Some 
architecture and engineering firms 
have a strong commitment to 
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resource optimization and view it as 
a leading design consideration and 
directive. Others, while generally 
acknowledging that low energy con- 
sumption is a desirable end, do not 
see it as a central determinant of 
building form. They are usually con- 
tent to postpone energy considera- 
tions to late in the design process 
when improvements are limited to 
alternative heating, ventilating, and 
air-conditioning (HVAC) and lighting 
selections. At that point in the 
process, major opportunities are 
likely to have been missed. 

Evaluate Commitment to  Achieving 
Energy Performance 

To maximize energy performance, 
a supportive, knowledgeable architec- 
ture and engineering team must be 
selected. An architect unconcerned 
with energy performance coupled 
with an engineering firm with impec- 
cable energy credentials is unlikely to 
produce an optimal building design. 
The reverse situation is also true. 
What is critical is the selection of 
a team that is prepared to work 
together to achieve superior building 
performance. 

Adopt Appropriate Solicitation 
Language 

During the selection process, suc- 
cessful architecture firms should 
enthusiastically respond to inquiries 
about energy consciousness. As part 
of their formal written and verbal 
presentations, they should address 
project-specific energy challenges and 
opportunities. The principal-in-charge 
and the project architect should 
demonstrate familiarity with critical 
concerns such as low-energy building 
design, daylighting, and peak 
demand. Successful candidates 
should clearly describe a design 
process in which the energy implica- 
tions of design decisions will be eval- 
uated at each phase with tools 
appropriate to that phase. 

Selecting Energy-Conscious Design 
Professionals 

The following language can be 
used to modify or supplement solici- 
tations for design services: 

Successful applicants should 
state their commitment to whole- 
building performance and demon- 
strate their ability to respond to 
the energy targets set in program 
documents. 
Successful applicants should pro- 
pose a team organization that 
encourages energy design quality 
and that can respond construc- 
tively to energy analysis results. 

demonstrate a familiarity with new 
energy technologies such as high- 
performance glazing, lighting, 
and HVAC controls. 
Successful applicants should be 
able to cite completed projects that 
feature workable, cost-effective, 
energy-efficient, and low-energy 
design principles. 
For small projects (residences and 
commercial and institutional proj- 
ects of less than about 20,000 ft2), 
successful applicants should 
demonstrate an understanding of 
daylighting and passive solar heat- 
ing in cold climates and passive 
solar cooling in warm climates. For 
large projects (more than 20,000 ft2), 
successful applicants should 
demonstrate an understanding of 
daylighting, passive solar cooling, 
and sun control strategies. 
Successful applicants should 
demonstrate a familiarity with 
computer-based energy analysis 
techniques. 

demonstrate an understanding 
of the most recent federal code, 
10 Code of Federal Regulations 
(CFR) 435, or the comparable com- 
mercial code, American Society 
of Heating, Refrigerating, and Air- 
Conditioning Engineers (ASHRAE) 
energy standard, Standard 90.1. 

Successful applicants should 

Successful applicants should 
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Table 1. Appropriate investments to be made in energy analysis and 
consulting services when designing a new building or making major 
renovations, by building size and energy-use intensity (per square foot 
of conditioned space). 

CDM-SS1-8200603 

Note: This table adjusts the rule of thumb for building size and energy use 
characteristics and provides a more precise guideline. Note that as buildings get 
larger there is an economy of scale so it is not necessary to expend as much on 
a square-foot basis. 

Choosing Appropriate 
Energy Analysis Techniqu 
and Alternatives 
Be Realistic 

Energy calculations, regardless of 
their sophistication, cannot precisely 
predict actual energy consumption. 
Factors such as construction quality, 
occupancy schedules, and mainte- 
nance procedures may vary markedly 
from assumptions contained in the 
analysis and skew results. However, 
this does not mean that energy analy- 
ses are not important tools. 

Conducting an energy study of a 
new building or a retrofit project is an 
excellent way to evaluate the relative 
energy performance of alternative 
designs. In particular, the effect of 
low-energy strategies such as moving 
windows from one facade to another 
for passive solar heating or improved 
daylighting, optimizing glazing selec- 
tion, or installing dimmable ballasts 
can be carefully evaluated on a com- 
parative basis. 

How Much Can IAfford to  Spend? 
Energy design and consulting ser- 

vices, like the actual buildings, should 
be cost effective. For Federal build- 
ings, cost-effectiveness is defined in 
10 CFR 436 as a savings-to-invest- 
ment ratio of greater than 1.0 during 
a 40-year analysis period for building 
envelope measures and a 25-year 
analysis period for equipment mea- 
sures. This means that it is important 
to be practical about the extent and 
cost of energy consulting and analysis 
services that a project can support. It 
is equally important to be realistic 
about the extent of the benefits that 
can be expected as a result of apply- 
ing these services. This is true 
whether the analysis is being con- 
ducted internally or by outside con- 
tractors or consultants. 

As a rule of thumb, Federal build- 
ing managers should be willing to 
spend as much as one year's expected 
energy savings for new building 
energy analysis studies.' For major 
renovations that include window 
replacements, insulation retrofits, and 
lighting changes, this rule of thumb 
is also valid. For minor renovations 
involving only component changes 
such as fixture or ballast replace- 
ments, it is prudent to limit expendi- 
tures to not more than half the values 
recorded in Table 1. 

Establish a Base Case 
Related to the issue of what you 

should be prepared to spend for 
energy consulting or extended profes- 
sional services is the issue of estab- 
lishing an appropriate base-case 
building definition to evaluate low- 
energy design investments during the 
design process. Establishing a viable 
base case is also an essential step 

1 Like all rules of thumb, this recommendation 
must be tempered with common sense and an 
appreciation of special conditions. In some 
instances, such as demonstration projects or 
projects with high energy consumption rates, 
investing two to three years worth of savings 
for energy consulting services can be justified. 
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when pursuing a performance com- 
pliance path under 10 CFR 435 or the 
comparable commercial code, 
ASHRAE 90.1. 

This task can be deceptively diffi- 
cult because there is no universal 
approach. Early in the design process 
it may be the minimum, code- 
complying structure and a generic 
"shoebox" form. Later it may be a 
building design that has already been 
partially optimized and in the shape 
of the actual building design, but with 
different subsystems. How much time 
and money are you prepared to spend 
to analyze this nonexistent, and 
never-to-be-built, baseline structure? 

These decisions will go a long 
way in deciding what energy-based 
interventions will prove cost effective. 
Consequently, establishing the 
specifications of an appropriate base- 
case building design is an important 
task that the project manager and 
design professional or energy consul- 
tant should clarify early in the design 
process. 

It is often necessary to define a 
base-case building during program- 
ming to establish aggressive energy 
performance targets. If this is so, you 
will probably want to retain this base- 
case definition throughout the project. 

What Can I Expect for M y  Money? 
There is a clear relationship 

between what energy analysis you 
can afford and what deliverables and 
level of detail you can expect from the 
analysis. Although schematic, the fol- 
lowing list can help you understand 
what level of effort you can expect 
from your energy design professional 
or your energy consultant. 
Modest Effork 3 to 15 person days 
(less than $10,000) 

consultant might be expected to: 
At this level, your contractor or 

Attend a preliminary meeting and 
present results at a second meeting 
Help define energy targets (in both 
dollars and Btus per square foot) 
during programming by running a 

design-phase analysis tool such as 
Energy-10 or Energy Scheming 
Together with the project architect 
or manager, use similar tools to 
study schematic building envelope 
and massing alternatives, including 
such options as daylighting, night 
cooling, passive solar heating, and 
glazing optimization during the 
early phases of design 
Be available to the project architect 
or manager throughout the design 
process to answer questions 
In one- or two-zone buildings, ana- 
lyze a limited number of simplified 
HVAC configurations 
Provide a brief, written final report 
summarizing recommendations. 

Intermediate Effort: 3 to 12 person 
weeks (between $10,000 and $40,000) 

At this level, your contractor or 
consultant might be expected to: 

Attend regular meetings during the 
design and design development 
phases 
Help define energy targets (in both 
dollars and Btus per square foot) 
during programming 
Together with the project architect 
or manager, run DOE 2.1E, Blast, 
or the equivalent hour-by-hour 
simulation tool to study schematic 
building envelope and massing 
alternatives, including such options 
as daylighting, shading, lighting 
controls, and glazing optimization 
during the early phases of design 
Be available to the project architect 
or manager throughout the design 
process to answer questions 

alternative HVAC configurations, 
including controls and distribution 
options, during design development 
Conduct an economic analysis of 
building design and systems alter- 
natives, including life-cycle costs 
or discounted paybacks 
Provide a comprehensive, written 
final report summarizing 
recommendations. 

Analyze a significant number of 

7 



Large Effort: 2 to 6 person months 
(more than $40,000) 

At this level, your contractor or 
consultant might be expected to: 

Attend regular meetings through- 
out the project 
Help define energy targets (in both 
dollars and Btus per square foot) 
during programming 
Together with the project architect 
or manager, run DOE 2.1E, Blast, 
or the equivalent hour-by-hour 
simulation tool to study schematic 
building envelope and massing 
alternatives, including such 
options as daylighting, shading, 
lighting controls, and glazing opti- 
mization during the early phases 
of design 
Be available to the project architect 
or manager throughout the design 
process to answer questions 
Maintain an ongoing energy analy- 
sis of the evolving design to inform 
the designers of the energy impli- 
cations of design alternatives 

0 Analyze a significant number of 
alternative HVAC configurations, 
including controls and distribution 
options 
Conduct a comprehensive eco- 
nomic analysis of building design 
and systems alternatives, including 
life-cycle costs or discounted pay- 
backs (Many Federal agencies 
require that at least three alterna- 
tive HVAC systems be analyzed 
on a life-cycle basis.) 
In some cases, help write or com- 
pile a building commissioning 
handbook 
In the case of major renovation 
projects, conduct physical tests of 
existing conditions such as infiltra- 
tion studies, thermography, and 
equipment efficiency studies 
Undertake higher-order prediction 
studies such as physical daylight 
study models of prototypical office 
spaces or computational fluid 
dynamic models of convective 
flows in atriums 

Team with utility to analyze utility 
interface issues such as off-peak 
ice thermal storage and other 
peak-shaving and peak-shifting 
strategies 
Monitor actual building 
performance 
Produce comprehensive final 
and intermediate reports, as 
appropriate. 

Which Energy Analysis Technique 
Should I Use? 
Clarify Tasks 

kinds of analysis techniques. These 
include calculations (such as loads 
or energy consumption programs), 
physical and computer modeling 
(such as daylight study models or 
light-tracing simulations), and testing 
(such as infiltration or HVAC equip- 
ment efficiency studies). Individual 
projects can benefit from some or all 
of these studies. 

sis procedures involve calculations. 
Although hand-based methods 
remain valid and can be used, today 
most designers and consultants use 
computer-based methods. These soft- 
ware programs have varying levels 
of accuracy; are intended to be used 
at different phases of design; and 
require very different levels of effort 
and cost. As a Federal manager, your 
goal should be to match an appropri- 
ate level of analysis to the task at 
hand. 

For example, some tools, such as 
Energy-10 or the Windows version 
of DOE 2, Blast, and other programs, 
have been designed (or, are being 
designed) to provide immediate feed- 
back to the designer or project man- 
ager during the earliest phases of a 
project. Others, such as DOE 2.1E and 
Blast, require more input time and 
detail. Consequently, they are gener- 
ally reserved for later in the design 
process when many architectural 
decisions have already been finalized. 
Still other software packages, such as 
the proprietary program Trace, have 

As the lists suggest, there are many 

The most common forms of analy- 
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been developed to assist mechanical 
equipment selection and are often 
distributed by manufacturers. They 
are generally used only after all 
building envelope and massing deci- 
sions have been finalized. 
Match Tool to Task 

Calculations are made of building 
energy performance for two primary 
reasons. Either they are made to size 
mechanical equipment or to predict 
the annual energy consumption of a 
structure. Although these two tasks 
are not mutually exclusive and some 
programs can handle both tasks, they 
do tend to be conducted in isolation 

from each other. Any energy analysis 
should determine both peak loads 
(sizing requirements) and annual 
energy consumption. 

Sizing programs are primarily 
geared to calculating peak hourly 
load conditions independently during 
the heating season and during the 
cooling season for the purposes of 
sizing mechanical equipment. Almost 
all buildings have a sizing analysis 
of some kind run by an architect, 
engineer, or mechanical contractor 
in order to select the equipment. 
Most sizing programs are based on 
consensus procedures and algorithms 
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Figure 2. This flowchart can be used to determine energy costs. 

established by ASHRAE, but many 
are proprietary products distributed 
or sold by equipment manufacturers.2 

Annual consumption programs are 
primarily designed to analyze the 
total energy consumed by a structure 
in a typical year expressed in terms of 
Btus, dollars, or pollution avoidance. 
To achieve this end, the most accurate 
of these software packages calculate 
building loads on an hourly basis and 
then assume a mechanical system of 
some defined efficiency and control 
strategy is used by the structure to 
meet this hourly load. Based on the 
inefficiencies of the mechanical sys- 
tem and the distribution system of 
the building (e.g., ductwork losses), 
the program can then make an esti- 
mate of building energy consumption 
for that hour. Annual performance is 
calculated by summing the hourly 
results for all 8,760 hours of the year. 

In many cases, annual energy 
consumption programs include 
provisions for inputting utility rate 
structures so that annual energy cost 
values (not only Btu consumption 
values) can be determined. Figure 2 
indicates the general steps that must 
be followed to fully evaluate project 
energy consumption costs. 
Who Should Perform the Analysis? 

Energy analyses can be performed 
in-house or out-of-house; they can be 
run by your primary design contrac- 
tors (if they have adequate energy 
expertise) or by energy consultants. 
The most important thing to remem- 
ber when performing an energy 
analysis is that the results must be 

* Some sizing programs also provide an esti- 
mate of annual energy consumption. In many 
cases, however, this calculation is based on 
simplified algorithms using correlations or 
temperature bins. 

taken seriously and be given suffi- 
cient weight in the course of the 
design. 
Project Manager Checklist- 
Determining Energy Analysis 
Techniques 

Is there a match between project 

Has a reasonable budget for project 
phase and design tool? 

energy analysis and consulting 
services been established based 
on Table l? 
Is there a reasonable correlation 
between potential energy savings 
and investment in energy analysis 
and consulting services? 
Have you assured that the infor- 
mation generated from quantita- 
tive energy analyses will have an 
impact on the design process? 
How will the cost-effectiveness 
of energy investments be 
determined? 

Conclusion 
A low-energy building is not sim- 

ply the product of new hardware; it 
is the product of better design. Creat- 
ing a low-energy building requires 
comprehensive attention to detail 
throughout the design process. Even 
after the building is constructed and 
properly commissioned, effective 
post-occupancy analysis is necessary 
to assure that the anticipated perfor- 
mance has been achieved. 

designed from inception with energy 
consumption in mind by knowledge- 
able design teams do significantly 
outperform the average. So, get 
involved and take a proactive stance. 
The directives and criteria you set 
early in the programming and project 
development phase will have a cru- 
cial impact on any building’s energy 
effectiveness. 

Studies show that buildings 
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