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      he model energy codes, in their 
various forms, have been at the 
forefront of the conversation regard-
ing building design in recent years. 
These model energy codes include 
the International Energy Conservation 
Code (IECC), which was first issued 

in 2000, and ASHRAE 
Standard 90.1, which 
dates back to 1974. 
Together, these model 
codes provide the 
basis for the state 
and local building 
codes that govern 
the required energy 
efficiency of newly 
constructed and al-
tered buildings. These 
codes are having an 
increasingly profound 
effect on the way that 
new building enclo-
sures perform and 
on the way they are 
designed. With each 
subsequent round of 
energy code issuance, 
measureable gains in 
energy efficiency and 

cost savings are achieved, and this is 
typically on top of recent codes that 
were already reasonably efficient.  

For example, in September 2014 the 
U.S. Department of Energy (DOE) 
determined that the recently issued 

ASHRAE Standard 90.1-2013 would 
achieve energy savings over the previ-
ous 2010 edition of 8.7% in energy 
costs, 7.6% in site energy consump-
tion, and 8.5% in source energy use, 
which includes the site energy as well 
as the entire production, transmission, 
and delivery process. In August 2013, 
the DOE determined that the 2012 
edition of the IECC would achieve 
energy savings over the previous 2006 
edition of 17% in energy costs and 
24% in site energy consumption. These 
are not insubstantial gains, especially 
considering that earlier versions of 
the model codes had energy sav-
ings over their respective preceding 
editions. This compounding of energy 
savings through subsequent editions 
of the code illustrates the large-scale 
improvements being made in the ef-
ficiency required by the energy codes.

Another way to look at these im-
provements, though, is that buildings 
built to the prevailing model energy 
codes as recently as 1999 gener-
ally consume 67% more energy than 
those built today—and it gets worse 
for buildings that are even older. Of 
course, the construction of pre-1999 
buildings shouldn’t be held to a stan-
dard that didn’t exist at their time of 
construction, but that’s precisely the 
point. These buildings far underper-
form new ones in terms of energy ef-
ficiency, yet they constitute the bulk of 
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the existing building stock. They could 
very well continue to consume higher 
levels of energy over the course of 
their 50 to 100-year life expectancy.  

The broader goals for improving the 
energy efficiency of the built envi-
ronment should not be limited to 
optimizing the performance of new 
buildings as we build them, since this 
is an additive solution, but should 
seek to reduce the energy consump-
tion of our building stock as a whole. 
To do this, there needs to be greater 
emphasis on increasing the energy 
efficiency of existing buildings, which 
is a substitutive solution. If the goal is 
to reduce overall consumption at an 
aggregate level, substitutive solutions 
have a potential for greater impact 
than additive ones.

With all of the successes that are 
being achieved at a policy level with 
regard to new construction, finding 
ways to best parlay these achieve-
ments to our existing building stock 
is of growing importance. The model 
energy codes do address existing 
building enclosures, but often only to a 
limited extent. Much of the manner in 
which they deal with existing buildings 
is binary—either the code applies or 
it doesn’t—and there’s little structure 
in place to deal with the many particu-
lars that are unique to the nature of 
work performed on existing buildings.  

When applying current energy codes 
to existing buildings, a number of 
challenges arise, particularly where 
the building exterior is concerned. 
Building enclosures are extraordinarily 
important for energy efficiency, given 
that building enclosure performance is 
often a function of the overall building 
design. Moreover, envelope assemblies 
tend to have long life cycles, which 
can make them difficult and costly to 
effectively upgrade. If not designed 
or rehabilitated efficiently, building 
enclosures can have lasting effects on 
energy consumption.    

The percent fenestration area of vertical exterior walls is one of the 
common prescriptive requirements dictated by the energy code. Each 
code has a maximum allowable percent fenestration area for the 
vertical wall that allows for use of the Prescriptive Path to compliance. 
These maximum areas are 40% for ASHRAE 90.1-2010 and for IECC 
2009, and 30% for IECC 2012.  Vertical fenestration includes the glass 
and non-glass components of all windows, curtain walls, storefronts, 
doors, and entrances.

If the fenestration area of a building exceeds the stated maximum, 
energy code compliance must be calculated using an alternative option 
from ASHRAE 90.1, such as the Building Envelope Trade-Off Option or 
the Energy Cost Budget Method. Once the critical percentage of fen-
estration has been exceeded, the International Energy Conservation 
Code refers design professionals to the alternative methodologies 
from ASHRAE 90.1. 

Similar restrictions are in place for skylights.

Percent Fenestration

30 percent fenestration area. 40 percent fenestration area.

Greater than 40 percent fenestration area.

(continued from page 1)
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Challenges in the Energy Codes

In many cases, compliance with the 
energy code is pretty straightforward 
when altering existing enclosures. It’s 
as simple as looking up the perfor-
mance targets in a table.  Published in 
the codes, these tables specify perfor-
mance targets, such as thermal con-
ductivity (U-Factor), thermal resistance 
(R-Value), solar heat gain (SHGC), and 
air leakage rates, that need to be met 
by the portions of the enclosure to be 
altered. This approach to compliance is 
called the Prescriptive Path.

A challenge arises with existing build-
ings that have vertical fenestration 
(e.g. windows, glazed doors, curtain 
walls, storefronts) in excess of 30 to 
40 percent of the wall area, depending 
on the code. There are many buildings 
that have this potential complication, 
yet it is often overlooked, and these 
highly glazed existing buildings are a 
significant portion of the energy drain 
in our building stock. In these instanc-
es, alterations to the enclosure don’t 
meet the criteria in the IECC to use 
the prescriptive path. Instead, design 
professionals and owners must use 
the Building Envelope Trade-Off Option 

or the Energy Cost Budget Method out-
lined in ASHRAE 90.1.

The Building Envelope Trade-Off 
Option and Energy Cost Budget 
Method are part of a balanced ap-
proach to enclosure design, where 
compliance depends on trade-offs 
between related components and 
systems. These approaches allow 
design professionals to compensate 
for inefficient assemblies with other 
systems that outperform the standard. 
Inefficiencies of the parts can then be 
tolerated as long as efficiency of the 
whole is achieved.

This is an excellent approach for new 
building enclosures, as it allows for 
greater flexibility in design. For existing 
building enclosures with significant fen-
estration area, on the other hand, off-
setting the inefficiency of the fenestra-
tion may be necessary when making 
alterations to the building enclosure, 
by either identifying compensatory 
efficient systems elsewhere in the 
building, or by further increasing the 
efficiency of the altered components.  

Achieving building envelope trade-offs 
in an existing building can be difficult, 
as other efficiencies may or may not 
exist elsewhere in a building. Even if 
they do, they may be unknowable. 
Compensating for the excess fenestra-
tion area through increased efficiency 
of the altered portion of the building 

alone may be prohibitively costly or 
beyond feasibility.  

The same challenge described above 
occurs when alterations are made to 
existing skylights that exceed three 
percent of the roof area (or five per-
cent with daylighting controls).

Much of the focus in the codes re-
garding areas of vertical fenestration is, 
for good reason, due to the generally 
higher conductivity of fenestration 
assemblies compared to that of wall 
assemblies. Also, it is generally less 
expensive to add insulation to walls 
than it is to incorporate the same level 
of thermal resistance into fenestration. 
The codes’ emphasis on smaller fen-
estration area makes sense, because 
higher insulating values can be more 
easily achieved in opaque wall areas.  

Greater limits on the vertical fenestra-
tion area shifts the importance of the 
enclosure performance towards the 
walls; however, the codes are limited 
in regard to the renovation of existing 
building walls, as the requirements for 
insulating walls are very narrow, or 
even non-existent. In most cases, al-
terations to existing walls are exempt 

”

Older buildings far 
underperform new 
ones in terms of 

energy efficiency, 
yet they constitute 
the bulk of existing 

building stock. 

“

New high-performance windows installed 
adjacent to conductive wall assemblies can still 
lead to condensation and moisture damage.

Considerations for railing installation at this 
roof include thermal bridging and achieving 
correct railing height due to added insulation.
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from compliance with the energy 
code unless new framing cavities are 
added.  

Even then, bringing the wall into full 
compliance with the code require-
ments can be difficult.  Due to existing 
physical constraints from surrounding 
construction, it often isn’t practical—
or possible—to achieve the equivalent 
effectiveness of the code’s insulation 
requirements, even when new framing 
is added. This none-or-total require-
ment ultimately leaves a vacuum in 
the energy code that tends to fill with 
alterations of varying effectiveness, 
depending largely on the motivation, 
experience, and intent of the owner 
and design professional.

The challenges with existing buildings 
are nuanced and particular. It is espe-
cially challenging to address these nu-
ances in the framework of a code de-
signed for new construction, because 
the success of a new enclosure design 
is so dependent on the functioning 
and balancing of the building envelope 
as a whole. 

For existing buildings, the comprehen-
sive nature of good enclosure design is 
often in direct conflict with the inher-
ently fragmentary nature of repairs 
and alterations. The vagueness that 
results from this conflict can run the 

risk of sub-optimization and requires 
some fuzzy decision-making, which is 
worth exploring a bit further.

Sub-Optimization

Sub-optimization is a concept that is 
the engineering version of irony, ex-
cept highly technical and without any 
humor. Nevertheless, it’s something we 
encounter all the time in many aspects 
of design, manufacturing, business, and 
everyday life. Sub-optimization is when 
the better performance of a part ends 
up making the overall performance of 
the system worse. It’s what happens 
in manufacturing when faster produc-
tion leads to oversupply or quality 
control problems, or how correcting 
everybody’s conversational grammar 
mistakes kills conversations, or the 
defensive strategy of the New Jersey 
Devils that was effective enough to 
make NHL hockey too boring to 
watch for an entire decade.   

The fragmentary nature of alterations 
to existing enclosures can run this 
same risk of unintended consequences 
when partial elements of the energy 
code are applied in an ad hoc fashion, 
rather than in a balanced approach to 
the system as a whole. Code develop-
ment organizations and enforcement 
agencies are not unaware of the prob-
lem; the New York City Department 

of Buildings, for example, has issued a 
bulletin clarifying that compliance with 
the NYC Energy Conservation Code 
is not required if it will compromise 
the building envelope’s resistance to 
condensation, freeze-thaw damage, or 
mold.

The risks of sub-optimization are real, 
but they don’t necessarily justify forgo-
ing the work. Adding insulation and 
increasing the air-tightness of existing 
building enclosures is important; it just 
should never be done blindly without 
regard to broader consequences.  

Adding insulation to an assembly 
changes the way that it manages 
moisture, as well as the temperature 
profile across the building component. 
It may dry out more slowly, allowing 
moisture to accumulate.  Insulation 
in the wrong locations within a wall 
assembly may leave some parts of 
the wall colder than others, which can 
increase the risk of condensation or 
freeze-thaw damage. The potential for 
increased moisture accumulation, con-
densation, and freeze-thaw should be 
reviewed carefully when adding insula-
tion to an existing wall assembly.  

Similarly, increasing the airtightness of 
an exterior wall through the addi-
tion of an air barrier can dramatically 
improve the energy performance of 
a building, but it can result in sub-
optimization if done indiscriminately. 
Older mechanical systems were often 
designed to an assumed level of out-
side air infiltration for make-up air, so 
care must be taken to balance existing 
mechanical systems when making a 
substantial change to the airtightness 
of an enclosure. Indoor air quality and 
make-up ventilation levels should be 
maintained or improved, and the de-
sign professional should confirm that 
existing combustion elements won’t 
back-draft due to changes in building 
pressure.  

Air leakage testing can identify components in need of increased airtightness to improve 
energy efficiency.
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Each iteration of the energy codes 
aims to better address problems that 
arise from piecemeal or one-size-fits-
all energy upgrades, but optimizing the 
standards can be a lengthy process 
that sometimes has lingering effects. 
A good example is the requirement 
for high-albedo roof membranes (i.e. 
cool roofs), which were compulsory 
in all climates in ASHRAE 90.1-2007 
but limited to southern climates in 
ASHRAE 90.1-2010. One reason for 
this change, presumably, is that ben-
efits from reduced interior heat gain 
from cool roofs may be less certain in 
heating-dominated Northern climates. 

On the design side, substantial ef-
ficiency can be lost when alterations 
or replacements are executed without 
consideration for adjoining elements. 
Often, budgets are diverted to high-
efficiency materials in a new assembly, 
but the performance gains are then 
rendered moot when there is no 
funding left for quality materials, design, 
and workmanship in the surround-
ing components. For example, a lot of 
money can be spent on energy-effi-
cient windows, but if the efficient win-
dow is placed in a value-engineered 
wall opening that is highly conductive 
or insufficiently airtight, then the over-
all system performance may be worse 
than it was before the upgrade.  

We’ve investigated instances where 
new, highly thermally insulated curtain 
walls were installed adjacent to wall 
assemblies that were drafty and highly 
conductive. The result was that the 
high-performance curtain wall frame 
became so cold in winter that ice 
formed on the inside surfaces.  

Designers and owners should be 
aware of the risks of sub-optimization 
due to a narrow focus on individual 
components, as opposed to a broad 
understanding of balanced and com-
plete design.  

Fuzzy Decision-Making

Fuzzy decision-making accounts 
for decisions that we have to make 
where the logic isn’t strictly true or 
false, which is to say, the vast majority 
of decisions in design and construc-
tion. In the case of energy codes, 
the parameters for making a deci-
sion about enclosure alterations for 

an existing building may be unclear : 
more than one energy code may or 
may not apply; the energy codes are 
intended for a new building, but this 
is an existing one; the building has too 
much glass, so compensatory efficien-
cies in unknown existing systems must 
be determined in order to achieve 
code compliance; the building may be 

Between Two Codes

The two prevailing energy codes are the International Energy Conservation 
Code (IECC), produced by the International Code Council, and ANSI/
ASHRAE/IESNA Standard 90.1, developed jointly by the American National 
Standards Institute, the American Society of Heating, Refrigerating and Air-
Conditioning Engineers, and the Illuminating Engineering Society of North 
America. Technically, ASHRAE 90.1 is a standard, not a model code, but 
some jurisdictions adopt it as a code. 

The IECC is a model code developed as part of the family of International 
Codes produced by the International Code Council, which includes other 
commonly adopted codes such as the International Building Code. The 
IECC has been adopted for commercial buildings by 47 states, as well as 
by Washington DC, New York City, Puerto Rico, and the US Virgin Islands. 
Minnesota and Indiana have adopted ASHRAE 90.1 instead of the IECC, 
and California has its own energy code, which surpasses the requirements 
of both model codes. 

Once adopted by states, the energy codes often still need to be adopted 
and enforced by local governments at the jurisdictional level.  

Even for states that have adopted the IECC, ASHRAE 90.1 is still relevant. 
The IECC accepts ASHRAE 90.1 as a suitable path for compliance for 
commercial buildings, and, as ASHRAE 90.1 has a number of more flexible 
paths to compliance than the IECC does, there are instances when a design 
professional would be required to use the energy performance calculation 
methods from ASHRAE 90.1 in lieu of those in the IECC.

Overcladding of an existing brick masonry building with exterior insulation and finish 
system (EIFS).



the most basic elements of the as-
sembly itself. When the effectiveness 
of a building component, such as an 
exterior wall, is compromised by ele-
ments that are highly conductive, such 
as balcony projections, the result is a 
thermal bridge, or heat loss pathway. 
These thermal bridges happen at 
places such as corners, window pe-
rimeters, interfaces, balconies, para-
pets, and floor lines, but, despite their 
prevalence, aren’t really addressed as 
part of the basic assemblies discussed 
in the codes.  

Do thermal bridges have a measur-
able impact? Substantially. Are existing 
buildings riddled with thermal shorts? 
Usually. Should they be taken into 
account when evaluating the energy 
efficiency of an enclosure? Of course. 
Does it cost more to account for all 
these thermal bridges? You bet. Does 
the code require that they be ac-
counted for, and if so, to what extent? 
Well, that’s largely unaddressed, so a 
fuzzy decision has to be made.  

Resolving thermal bridges can add 
cost to a project, but ignoring them 
may cost even more, in terms of heat 
loss and increased energy costs, as 
well as freeze-thaw cycling, condensa-
tion, and moisture-related damage. 
While not perfect, there are practices 
and guidelines emerging that do a 
good job of approximating how ther-
mal bridges impact building enclosures, 
and these methodologies should be 
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exempt altogether, or it may have to 
comply with all provisions of the code, 
and the difference is razor-thin and a 
bit unclear.  

As a responsible citizen, the building 
owner or manager wants to do the 
right thing, but even adding insulation 
to existing walls may have unintended 
consequences. This scenario may right-
fully make even the most environmen-
tally conscious project team throw up 
their hands in frustration.

Is this lack of clarity the fault of the 
code? No, it’s not. The code doesn’t 
design buildings, people do, and am-
biguity is inevitable when something 
general has to apply to every particu-
lar. Regardless, code compliance is re-
quired, and real decisions need to be 
made with regard to work on existing 
buildings.  

Much of the confusion described 
above is due to discrepancies between 
the letter of the code and its interpre-
tation. Some of this is dealt with when 
building departments and code offi-
cials issue clarifications, yet sometimes 
things go unaddressed. In some cases, 
amendments and clarifications can 
have the opposite effect and even add 
to the confusion, drawing inferences 
about the meaning and intent of the 
code beyond the words on paper. It is 
too much to ask from a code because 
judgments rendered from a central 
authority, regardless of how many are 
issued, can never fully account for all 
possibilities and specifics. In the face 
of necessarily vague requirements, 
some level of fuzzy decision-making 
will result.

The challenge that building owners 
and design professionals confront 
when making these fuzzy decisions 
is that cost is almost always a driving 
factor. For example, the codes are not 
clear as to the extent to which the 
insulating value of an assembly needs 
to account for conditions beyond 

taken into account when designing 
building envelope upgrades.  

Although there isn’t an absolute true 
or false answer to the question of 
energy code compliance at this point, 
there should be a spectrum within 
which a responsible design profes-
sional can make an appropriate and 
informed design decision, in consulta-
tion with owners and code officials, 
without relying entirely on the altruism 
of the stakeholders or the written lim-
itations of the code. The solution does 
not always lie in centrally defined rules 
and regulations, but rather in design 
teams who are motivated to achieve 
energy performance goals through a 
self-regulating culture of professional 
ethics and responsibility. Good building 
design, especially good existing building 
design, is really performed on a case-
by-case basis.

What Should We Do?

The good news is, there are lots of 
positive things happening. We’re not 
quite at the point yet where there is 
a general industry-wide consensus on 
what should be done when altering 
existing building enclosures, at least 
not to the extent that guidelines can 
be codified, but things are moving in 
the right direction. Every day there is 
greater understanding of the issues 
and challenges, often initiated through 
academic, government, or private 
research and testing, and evolving into 
industry standards and guidelines, gov-
ernment programs, updated changes 
to energy codes, and general practice. 
There is much more discussion today 
throughout the construction indus-
try about the importance of building 
enclosures as they relate to energy 
performance, and all of this dialogue is 
important.  

Even though the energy performance 
debate is often focused on new con-
struction or high-profile projects, key 

(continued on page 8)

This steel lintel acts as a thermal bridge, 
conducting heat through the building exterior.



Energy Upgrades for Existing 
Buildings

With prevailing energy codes and 
standards developed to meet the con-
siderations of new construction, there 
is little structure in place to address 
the challenges and opportunities par-
ticular to existing building enclosures. 
Hoffmann Architects has been devel-
oping energy-efficient solutions for the 
facades, roofs, windows, entrances, and 
terraces of existing buildings for over 
30 years. Our design professionals 
have the experience and the techni-
cal proficiency to adopt a holistic ap-
proach to energy code compliance.

To prevent and resolve condensa-
tion, freeze-thaw damage, and poor 
air quality, Hoffmann Architects’ design 
professionals consider how thermal 
bridges and changes in airtightness 
impact building envelope performance. 
Our architects and engineers design 
and oversee appropriate upgrades 
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The Hanover Insurance Group Headquarters in Worcester, Massachusetts. Window and 
Curtain Wall Replacement Design Study.
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Georgetown University, Former Jesuit 
Residence (Ryan and Mulledy Halls) in 
Washington, District of Columbia. Exterior 
Restoration Consultation.

that increase energy efficiency in cost-
effective ways.  

Hoffmann Architects has helped di-
verse clients improve building enve-
lope performance in their existing 
buildings. Recent projects involving 
energy consultation include:

Two Ten West 77
New York, New York
Advanced Thermal Bridge Analysis

Schering-Plough Building S-5A
Summit, New Jersey  
Facade Reconstruction, including Air 
Barrier and Insulation Installation

Office Building, 855 Main Street
Bridgeport, Connecticut
Facade Energy Upgrade and High-
Performance Glazing Consultation

Jennings Judicial Center 
Fairfax, Virginia
Roof Heat Loss and Moisture Infiltration 
Assessment, including Nuclear Analysis

14 East 67th Street 
12 East 82nd Street
New York, New York
Townhouse Renovations, including Air 
Barrier and Insulation Installation

The Catholic University of America
Father O’Connell Hall
Washington, District of Columbia
Window Replacement Consultation

7 West 21st Street
New York, New York
Advanced Thermal Bridge Analysis

Heritage Center
Annandale, Virginia
Energy-Efficient Roof Replacements 

The George Washington University
Square 77
Washington, District of Columbia
Facade and Wall Assembly Renovation 
Consultation

Ericsson Telcordia Headquarters
Piscataway, New Jersey
Facade Energy Study
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findings and concepts still find their 
way into the work we do on exist-
ing buildings. The substantial gains 
in overall performance targets that 
new buildings and high-performance 
retrofits are achieving will eventually 
translate into improved efficiency for 
everyday existing buildings, so that the 
impact of energy conservation mea-
sures can be assessed at the mean.

It’s not so much specialists talking 
amongst ourselves anymore, but 
a broad and growing understand-
ing of how the building enclosure 
impacts the energy performance of 

the building. This momentum will help 
build the inertia needed to cause a 
shift in the problem of energy con-
sumption of the existing building stock. 
As consensus starts to build among 
stakeholders as to what should be 
done, the vagueness and inconsisten-
cies currently plaguing the codes will 
give way to improved clarity and com-
prehensive design. When that starts 
to happen, addressing challenges that 
arise with regard to energy code com-
pliance becomes a decision-making 
process that is much less fuzzy. All of 
this is good reason for optimism.

(continued from page 6)

When adding insulation to the roof, consider the impact on edges, terminations, and 
transitions, which may need to be adjusted to accomodate the additional depth.


