
 

 

   

 

 

 

  

   

      

 

 

Achieving Building
Enclosure Performance 
Through Energy Modeling 
and Commissioning 
By Rick Ziegler, RRO, PE;
and Clark Denson, PE, CEM, BEMP 

Figure 1 – Thermal bridging through stud cavity insulation. Sometimes assuming steel framing at 16 in. on-center for effective R-value 
calculations will not be accurate. 

S
ustained emphasis on build-
ing energy performance has 
spurred industry professionals 
to widen the spectrum of build-
ing systems considered in plan-
ning for building performance. 

Various aspects of the building enclosure 
have been found to have significant effects 
on energy efficiency, which has led to a 
trend among building codes and other stan-
dards focused on improving performance. 
As a result, many new projects employ 
quantitative requirements related to contin-
uous insulation, air leakage, glazing ratios, 
etc. While a building enclosure commission-
ing (BECx) or consulting process has tradi-
tionally been utilized to help address perfor-
mance problems related to water or mois-
ture, it is becoming more common for the 
commissioning agent to verify the energy-
related performance objectives. 
Although many projects utilize inte-

grated design and construction practices, 
integration and coordination of the energy 
modeler, mechanical engineer, and building 
enclosure commissioning agent (BECxA) 
can provide greater value to building owners 
through more informed design and inte-
grated performance requirements. We will 
present an overview of coordinated build-
ing enclosure energy modeling, mechanical 
design, and implementation of an effective 
BECx process to verify performance. While 
numerous architectural elements impact 
energy, thermal performance and air leak-
age will be the focus of this article. 

THE BUILDING ENCLOSURE AND 
ENERGY PERFORMANCE 
Out of all the energy that buildings 

consume, the areas that are most affected 
by the design of the building enclosure are 
space heating, space cooling, ventilation 
fans, and—at least indirectly—lighting. A 

review of the data from the Commercial 
Building Energy Consumption Survey 
(CBECS)1 shows that these impacted areas 
can make up a varying percentage of a 
building’s typical energy consumption, 
depending on the building type, ranging 
from 35% for food service and sales to 
84% for religious worship facilities. Those 
buildings less impacted by enclosure perfor-
mance tend to have other influential factors, 
such as high internal loads or code-mandat-
ed ventilation or air-change rates. 
The performance of the building enclo-

sure affects both energy consumption and 
HVAC loads. Because they are typically pas-
sive, low-maintenance strategies, enclosure 
improvements should be prioritized when 
looking for whole-building, energy-saving 
solutions. However, the energy savings 
alone of enclosure improvements are rare-
ly enough to justify the increased cost of 
better glass or more insulation. Instead, 
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Figures 2 and 3 – Gaps 
within insulation joints 
and between insulation 
and the back-up wall 
will decrease the 
effectiveness of the 
insulation. 

all measurable benefits of reduced loads 
should be accounted for, such as reduc-
tion in mechanical equipment sizes and/or 
maintenance. When this method is followed, 
the reduction or elimination of mechanical 
systems can result in very short, if not 
immediate, payback periods. 
Energy models are one of the best tools 

available to design teams trying to design 
cost-effective, high-performance buildings. 
As a comparative analysis tool, energy 
models are used to quantitatively evaluate 
the relative benefits of improvements to the 
building enclosure. They can be used to show 
how increasing thicknesses of continuous 
insulation minimize the effect of thermal 
bridging through stud walls (Figures 1, 2, 
and 3). When it comes to windows, they can 
show the effects of using double- or triple-
pane glazing, air, or argon as a glazing 
insulator, and framing with and without a 
thermal break. Most of all, they can be used 
to show which aspects of a building’s design 
have more impact on energy performance 
than others. 
For instance, Figure 4 shows how 

increasing levels of performance of a build-
ing’s windows, walls, roof, and floors affect 
annual energy consumption. From this type 
of preliminary energy analysis, ideally per-
formed during the conceptual or schematic 
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design phase of a project, project teams 
can begin to understand in which areas to 
invest their time and construction budget 
in order to get the biggest bang for their 
efficiency buck. 
Air infiltration in particular is perhaps 

the most influential factor on HVAC loads 
and energy performance related to the 
building enclosure. Multiple studies con-
ducted over the last 30 years show that U.S. 
federal and commercial buildings have an 
average leakage rate of approximately 1.5 
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Figure 4 – Effect of load reduction measures on annual energy 
performance in San Francisco office. 

studies published by 
the American Society 
of Heating and Air-
Conditioning Engi-
neers (ASHRAE) 
and other organi-
zations have looked 
at correlations be-
tween building de-
sign and construc-
tion practices in 
newer buildings and 
the resulting air 
leakage and have 
concluded that air 
barrier continuity 
detailed in construc-
tion documents and 
the involvement of a 
dedicated enclosure 
consultant or com-

cfm/ft2 of the building enclosure surface 
area when pressurized to 0.30 in. of water 
(75 Pascal)2. Figure 5 shows the peak cool-
ing and heating load for a two-story office 
building in Nashville, TN, as calculated by 
a whole-building energy modeling program. 
It also shows how these peak loads can 
be attributed to the various internal and 
external loads on the building. When an air 
leakage rate of 1.5 cfm/ft2 is converted for 
typical building pressures and input into 
the model, it can be seen that infiltration 
is the highest contributing factor to HVAC 
loads, particularly the heating load. 
For many years, the model building 

codes have partially addressed air leakage 
through requirements for enclosure sealing, 
product certifications, load dock weather 
seals, and vestibules. However, some recent 

missioning agent are 
two of the best correlations to actual air-
tightness.3 Therefore, more recent codes and 
standards have begun to require or at least 
incentivize these best practices of having 
continuous air barriers and whole-building 
air leakage testing. 

Table 1 includes a sample of the air 
leakage requirements from a number of 
energy codes and standards. The value of 
mandating these caps on air leakage can 
be easily seen when incorporated into a 
whole-building energy analysis, as shown 
in Figure 6. In this case, as in many other 
buildings, reducing building air leakage 
below the average 1.5 cfm/ft2 can have 
just as much benefit in reducing energy 
and HVAC loads as maximizing wall or roof 
insulation. Additionally, if you consider the 
more intangible benefits of reducing the 

risk of water intrusion and avoiding tens 
of thousands of dollars in remediating the 
resulting damage, the benefits of continu-
ous and effective air/water barriers become 
clear. 

IMPLEMENTATION 
Although energy modeling can help 

quantify meaningful building enclosure per-
formance metrics, unless the mechanical 
engineer applies the information for load 
calculations and equipment sizing, the ben-
efits may go unrealized. In our experience, 
many mechanical engineers tend to be very 
conservative when designing their systems. 
This means that an assumption such as 
enclosure air leakage will either be unac-
counted for and built into a safety factor or 
assumed to be very high—sometimes even 
above code minimums or project require-
ments. To complicate matters, air leakage 
is often described in different ways. Most 
codes and enclosure consultants use the 
airflow per square foot (cfm/sf) of build-
ing enclosure at 75 Pascal, while many 
mechanical engineers describe infiltration 
rates under standard operating conditions 
in air changes per hour (ACH). Through 
early design phase coordination and a des-
ignated quality plan to verify enclosure 
performance, mechanical engineers can feel 
better about assuming actual enclosure 
performance closer to the performance met-
rics used in the energy model. 
The concern among mechanical engi-

neers is that the constructed, as-built ther-
mal performance and air leakage of the 
building enclosure is unknown until project 
completion. Therefore, implementation of a 
quality process throughout design and con-
struction is critical to evaluate, verify, and 

Figure 5 – Breakdown of HVAC space loads in Nashville office.
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Country Source CFM/sq. ft. 
at 75 Pa 

U.S. ASHRAE 90.1-2013, Appendix G 0.40 
U.S. GSA P100 2010 0.40 
U.S. 2012 IECC 0.40 
U.S. ASHRAE 189.1-2014 0.25 
U.S. U.S. Army Corps of Engineers 2008 0.25 
U.S. 2012 IgCC 0.25 
Canada R-2000 0.13 
Germany Passive House Standard 0.11 

Table 1 – Commonly referenced whole-building air leakage rate 

Figure 6 – Energy cost savings of reducing infiltration in Chicago 
office. 

requirements. 

achieve performance goals. On many new 
projects, BECx is implemented as a qual-
ity assurance program. Per ASTM E2813, 
Standard Practice for Building Enclosure 
Commissioning, “BECx is a process that 
begins with the establishment of the own-
er’s project requirements (OPR) and endeav-
ors to ensure that the exterior enclosure 
and those elements intended to provide 
environmental separation within a building 
or structure meet or exceed the expecta-
tions of the owner as defined in the OPR.” 

It is generally accept-
ed that an effective 
BECx program pro-
vides a reliable pro-
cess for verifying and 
achieving the OPR. The recently published 
ASHRAE 1478 Research Project substan-
tiates this through the measurement of 
enclosure air leakage of 16 existing build-
ings. The ASHRAE study determined that 
buildings that utilized a quality program 
administered by a building enclosure con-

sultant were about half as leaky as projects 
that did not implement a quality program. 

PERFORMANCE VERIFICATION 
Early identification and documentation 

of the OPR is a crucial first step of a suc-
cessful BECx or quality-based program. 

American Hydrotech, Inc. 
303 East Ohio | Chicago, IL 60611 | 800.877.6125 | www.hydrotechusa.com 

© 2015 Garden Roof is a registered trademark of American Hydrotech, Inc. 

American Hydrotech introduces the Garden Roof® 

Planning Guide iPad® app – a first-of-its-kind digital 
brochure that helps design professionals take a vegetated 
roof from initial concept to completion. 

Packed with photography, technical information and 
videos, design professionals can explore assembly 
options and components, growing media and vegetation, 
and learn about topics such as design considerations, 
economic and sustainable benefits, installation and 
maintenance, and much more. 

19 years of vegetated roof experience... 
brought to life in one app. 

Download your copy today at 
hydrotechusa.com/GRPG 
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The OPR document is the primary tool for 
benchmarking success and quality through-
out all phases of the project. The energy 
model and enclosure performance goals 
can be reconciled to allow quantitative 
performance metrics to be identified and 
documented, therefore forming the basis 
of the OPR related to energy performance. 
It is the role of the BECxA to evaluate and 
verify the design and construction against 
the OPR. The BECxA must understand the 
minimum-level quality program to achieve a 
high-performance, energy-efficient building 
enclosure that meets the OPR. The following 
summarizes elements that are critical to 
such a program. 

DESIGN PHASE 
•		 The architectural basis of design 
must clearly identify the materi-
als and components that will be 
employed on the project. The BECxA 
primarily fulfills a coaching role 
throughout this phase, giving feed-
back on selections that will influence 
performance. While varying methods 
of construction may achieve simi-
lar aesthetics, it is likely that each 
method has associated benefits and 
drawbacks related to performance. 
Early identification of these pros and 
cons can be valuable as the design, 
testing procedures, and construc-
tion techniques are developed. 

•		 Aside from achieving continu-

ous control layers (i.e., air, water, structability, anticipated movement, 
thermal, and vapor barriers), there exposure, etc. must be considered. 
are numerous concepts to consid- • It is well understood that the prod-
er when reviewing details. There ucts and materials are carefully 
are often conditions that cannot be specified to ensure that their per-
accurately shown without an iso- formance characteristics meet the 
metric sketch (i.e., parapet to per- minimum requirements for the 
pendicular wall intersection). It is a project. However, the mock-up and 
great benefit to the builder to clearly field-testing requirements often 
indicate how to achieve continuity do not accurately reflect a plan to 
of the critical control layers at stan- appropriately verify field-installed 
dard sections, complicated geom- performance. Unfortunately, rather 
etries, and interfaces. At all times, than thoroughly evaluating and 
compatibility among materials, con- developing a project-specific func-

Figure 7 – Air barrier continuity at soffits 
and overhangs can often be overlooked. 

Figure 8 – Air barrier continuity 
at roof-to-wall transitions 

can be crucial to maintaining 
whole-building airtightness. 
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tional performance test plan, mock-up 
and field-testing specifications are often 
carried as a standard from project to 
project. The BECxA and architect must 
ensure that the specified functional per-
formance test plan is project-specific such 
that the OPR is sufficiently verified. 

CONSTRUCTION PHASE 
•		 Project-specific air barrier shop drawings 
are a critical submittal as the team moves 
into construction. While project-specific 
fenestration shop drawings are common 
within the industry, air barrier shop 
drawings tend not to be as typical. Most 
of the time, the manufacturer’s stan-
dard details are provided. These standard 
details often do not accurately reflect 
how the air barrier is actually going to be 
installed on the project (Figures 7 and 8). 

•		 Mock-ups are a fundamental step in con-
firming performance prior to construction 
(Figure 9). While it is important to observe 
and test the individual assemblies, the 
project-specific interfaces between sys-
tems are what make mock-ups so valu-
able. On many projects, only the fenes- Figure 9 – On-site, off-building performance mock-up. 

31st International Convention
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trations are tested for air leakage. 
When we have whole-building air 
leakage performance goals, the proj-
ect team has to figure out a way to 
conduct quantitative and qualitative 
(e.g., smoke) testing on the entire 
mock-up assembly, including inter-
faces. This may result in creative 
ways to build fairly airtight test 
chambers or utilize plastic isolation 
sheets. Thermal testing on mock-
ups can also be used to confirm that 
project-specific thermal performance 
requirements are achieved. 

•		 Many building enclosure critical 
control layers are concealed with 
exterior claddings or interior finish-
es. It is critical for these components 
to be verified, evaluated, and accept-
ed prior to concealment. This nature 
of enclosure construction dictates 
carefully planned observation and 
testing observation visits by the 
BECxA. 

•		 Field-testing is often conducted at 
intervals throughout construction. 
It is often especially important to 
make sure atypical conditions and 
complicated interfaces that were not 
included on the mock-up are tested 
to verify the installation. 

Experienced consultants and contrac-
tors may be able to reasonably predict 
total building air leakage based on the 
enclosure design and observations/testing 
conducted during construction. However, a 
quantitative whole-building air leakage test 
performed at the end of the project is the 

only way to determine the whole-building 
air leakage rate. Many entities, such as 
the United States Army Corps of Engineers 
(USACE), require all of their buildings to be 
tested to meet an air leakage rate of 0.25 
cfm/sf at 75 Pa. 
While codes and other requirements are 

dictating more insulation and increased air-
tightness for buildings, it is unknown how 
or if mechanical engineers are accounting 
for the anticipated performance improve-
ments. Several conditions must occur to 
ensure that energy-efficiency-related project 
requirements actually translate into an 
energy-efficient building. Some of these con-
ditions include informed mechanical design, 
accurate energy modeling, and verification 
of the building enclosure goals throughout 
design and construction. Design phase col-
laboration among the engineer, modeler, and 
enclosure commissioning agent may be the 
best chance a project has to realize the ener-
gy benefit potential of a high-performance 
building enclosure. 
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