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Aging structures like this Pittsburgh 
o�  ce tower, built in 1964, o� er little 

resistance to heat loss, cycling 
between uncomfortable 

extremes.

Enforcing higher standards for energy performance in new buildings is important, 
but just as critical is addressing the energy consumption and carbon emissions of 
the buildings that already exist.

BY DANIEL L. BISHOP, AIA, Vice President, Director, Architecture, Ho� mann Architects + Engineers

LEARNING OBJECTIVES
Based on the information presented in this article,
readers should be able to:

+ UNDERSTAND modes of heat transfer and their 
impact on building performance.

+ INTERPRET key thermal performance metrics and 
their applications.

+ IDENTIFY e� ective retrofi t strategies for 
improving façade energy e�  ciency.

+ APPLY diagnostic and modeling tools to assess 
and optimize building enclosures.

Thermal performance upgrades for façade assemblies

About the author: Daniel L. Bishop, AIA, is Vice President and Director, Architecture with 
Ho� mann Architects + Engineers (www.ho� arch.com). As manager of the fi rm’s Virginia 
o�  ce, he oversees project teams in developing energy retrofi ts for existing building enclo-
sure systems, and he provides consultation for new construction on the thermal perfor-
mance of exterior assemblies. He may be reached at d.bishop@ho� arch.com.

Façade stabilization 
and reconstruction 
improved e�  ciency 
at this mid-century 
modern academic 
building. 
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I
t was July, and the stairwell of an office building 
in downtown Pittsburgh is oppressively hot. Heat 
and humidity hang in the enclosed space, lit by 
a vertical stack of aluminum-framed, single-pane 
windows. In the offices, it’s not much better; 
those at the perimeter of the building are stifling, 
little cooler than the stairwell despite the air 

conditioning.
In the winter, these same spaces are freezing and 

drafty, the heating system struggling to keep up. Like 
much of the nation’s aging building stock, the office 
tower was built at a time when little attention was paid 
to thermal performance.

Despite the decades-long push for tighter energy 
code regulations, buildings still consume a tremen-
dous amount of energy. According to the U.S. Depart-
ment of Energy’s National Renewable Energy Labora-
tory, buildings are responsible for 40% of total energy 
use in the United States, including 75% of all electric-
ity use and 35% of the nation’s carbon emissions.

Although 25% of buildings were built after 2000, 
the U.S. Energy Information Administration reports 
that the median age of buildings in 2018 was 36 
years, a figure that likely has increased since then. 
What these numbers show is that enforcing higher 
standards for energy performance in new buildings is 
important, but just as critical is addressing the energy 
consumption and carbon emissions of the buildings 
that already exist.

Whether a building is repurposed for new 
programming, as in an adaptive reuse project, or 
upgraded to meet the evolving needs of current ten-
ants, systematic review and rehabilitation of façade 
assemblies presents an opportunity to extend the 
lifespan of the building while achieving energy per-
formance improvements.

HOW HEAT MOVES THROUGH FAÇADES
At the Pittsburgh office building, thermal energy was 
traveling across the façade, between interior and 
exterior, through the three distinct modes of energy 
transfer: conduction, convection, and radiation. To 
address the uncomfortable interior conditions, the 
design team needed to identify how heat moves 
through the building enclosure.

Conduction is the transfer of thermal energy 
without bulk travel of particles (through surface 
contact). In our case study, the exterior metal frame 
of the curtain wall would heat up in the summer sun 
via radiation (see below), then conduct that heat to 
other metal elements within the assembly, eventually 
reaching the interior. In winter, the process worked in 
reverse, with thermal energy from the heated build-
ing interior traveling via uninsulated metal elements 

through to the cold exterior.
The façade material need not be metal for this 

process to occur; heat conduction can occur through 
any adjacent materials, though some are more con-
ductive than others. The rate of heat flow is a product 
of the materials’ thermal conductivity, surface area, 
and the temperature gradient between exterior and 
interior. Dense materials, such as metal and stone, 
are good conductors of heat and therefore have high 
thermal conductivity, while low-density substances, 
such as wood, foams, and polymers, are poor con-
ductors and therefore used as insulators.

It’s important to note that when materials absorb 
water, their properties can change. For example, 
fiberglass insulation that becomes wet no longer 

Insulation prevents 
heat loss via 
conduction, while 
air barriers protect 
against convection. 

BELOW: Installing 
insulated, low-e 
glazing protects 
against heat loss 
via conduction and 
radiation.  
COURTESY HOFFMANN 
ARCHITECTS + ENGINEERS



CONTINUING EDUCATION COURSE THE BUILDING ENVELOPE

48 BUILDING DESIGN+CONSTRUCTION JULY/AUGUST 2026

provides the same resistance to conduction, because 
the water replaces air in the material and increases 
its density and overall thermal conductivity.

Convection is the transfer of thermal energy 
with the bulk movement of particles due to variation 
in density, by a fluid or gas medium. An example is 
when hot air on a summer day enters an air-condi-
tioned building through a failed joint and rises within 
the room (warmer air has lower density), resulting in 
a draft as conditioned air settles, a noticeably warmer 
temperature near the open joint, and an increase in 
temperature of the surrounding area as thermal equi-
librium takes effect.

Radiation is the transfer of energy through 
electromagnetic waves, whether as visible light or 
as energy on the ultraviolet or infrared spectrum. 
Waves in the infrared range are perceived as heat. 
Unlike conduction or convection, heat radiation does 
not require a material through which to travel—not 
even air. When infrared solar radiation enters a room 
through window glazing, it increases the kinetic 
energy of molecules in nearby surfaces, raising their 
temperature.

Often, the culprit for poor thermal performance 
is some combination of these three modes of heat 
transfer: conduction lets heat exchange through 
building materials that aren’t properly insulated, 
radiation admits heat through untreated windows, 
and convection circulates cold and warm air that 
penetrates due to air leakage.

BUILDING CONTROL MEASURES
Given the opportunity, heat energy will travel 
between cladding and interior walls, roofs and attics, 
and from floor to floor by means of conduction, con-
vection, and radiation. Knowing this, the rehabilitation 
designer’s job is to limit this movement and optimize 
energy efficiency and occupant comfort.

MANAGING CONDUCTION
Insulation is probably the most common interven-
tion to address heat transfer through conduction. 
While adding insulation does not eliminate conduc-
tion entirely, it does slow it down. Insulating materials 
have a high R-value and so provide resistance to the 
transfer of heat energy from one side of the insula-
tion to the other. In retrofit applications, it is crucial 
to consider where new insulation is installed to limit 
condensation potential on building components, as 
adding insulating material changes the location of the 
dew point within the wall assembly. Mitigating con-
densation is the reason the vapor retarder is located 
on the winter warm side of insulation in the Northeast 
region, while in the balmy Southeast, it’s on the sum-
mer cool side. For historic buildings, it’s worth noting 
that adding insulation to the interior face of exterior 
walls may increase thermal cycling, potentially accel-
erating deterioration.

Physical separation within assemblies, such as 
the hermetically sealed gap in an insulating glass 
unit or the air and drainage cavity in a rainscreen 
wall, are also design measures aimed at minimizing 
conduction.

CONTROLLING CONVECTION
Continuous air barriers are the primary way to man-
age convection at the building exterior. Typically, air 
barriers are composed of a membrane or fluid-applied 
material, although other assemblies, such as solid 
concrete or masonry walls, also can be considered air 
barriers. The key term is continuous: joints, penetra-
tions, seams, terminations, and material intersections 
must have intentional transitions. Of particular interest 
in building enclosure design is whether the air barrier 
also performs as a vapor retarder. While assemblies 
can have multiple air barriers, multiple vapor retarders 
within a single assembly can lead to trapped moisture.

ACTIVE RADIANT HEAT CONTROL
Solar shades are one of the most visible interven-
tions to address heat from radiation. Positioned at the 
exterior façade, they form a physical barrier between 
the sun’s radiant energy and the building and so 
reduce the heat load, like sitting under an umbrella 
on a hot day. During cooler months, when the sun 

For historic buildings, upgrades to windows and doors, along with masonry 
restoration, improve thermal performance. COURTESY HOFFMANN ARCHITECTS + ENGINEERS
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is lower in the sky, solar shades can be designed 
to admit more sunlight and radiant energy into the 
building. Sun control elements come in a variety of 
designs and configurations, from vertical fins to hori-
zontal light shelves. The extensive roof overhangs 
in vernacular buildings of hot and arid climates also 
achieve similar aims.

High-reflectance materials may be less notice-
able to occupants, but they are another means to 
mitigate heat from radiation. Low-emissivity (low-e) 
coatings can be applied to glazing during fabrication 
or as a post-construction film. Designed to minimize 
impact on visible light transmittance (VLT) and main-
tain full-spectrum daylight, they reflect non-visible 
infrared radiation back into the atmosphere, which 
would otherwise cause solar heat gain to raise inte-
rior temperatures. Other reflective surfaces, including 
the foil face of insulation or high-albedo (reflective) 
cladding products, similarly reduce the amount of 
radiant energy absorbed by the building enclosure.

BUILDING PERFORMANCE METRICS
Understanding how a building is performing, or 
needs to perform, is key to approaching thermal 
enclosure design.

Benchmarking tracks a building’s energy and 
water use, applying a standard metric to compare 
current performance with past measurements and 
with peers. Requirements are established by city or 
state laws and ordinances, such as the Clean Energy 
DC Omnibus Amendment Act of 2018 in Washington 
DC and Local Law 84 of 2009 in New York City. Oth-
er cities, including Boston, Philadelphia, Pittsburgh, 
Providence, Chicago, and Atlanta, as well as states 
such as New Jersey, Maryland, Massachusetts, Cali-
fornia, Oregon, and Washington, have benchmarking 
laws on the books.

QUANTIFYING RESISTANCE TO HEAT TRANSFER:  
A GLOSSARY

EMITTANCE (or EMISSIVITY) quantifies a surface’s ability to emit radiant 
energy. Emittance is measured on a scale from zero to one; the lower the 
emittance of a material, the lower the heat (infrared energy) radiated from 
its surface. Aluminum foil has a very low emittance, which explains its use 
in reflective insulation and radiant barriers.

REFLECTANCE refers to the fraction of incoming electromagnetic energy 
that is reflected from the surface. Reflectivity and emissivity are inversely 
related; a low emittance is indicative of a highly reflective surface. For 
example, aluminum with an emittance of 0.03 has a reflectance of 0.97.

SOLAR REFLECTANCE INDEX (SRI) combines solar reflectance and ther-
mal emittance to provide a single value of how well a material will stay cool 
when exposed to solar heat. Surfaces with a high SRI reflect heat energy 
and emit absorbed heat efficiently. Commonly associated with roofing 
materials, SRI is also useful as a metric for evaluating façade finishes.

SOLAR HEAT GAIN COEFFICIENT (SHGC) indicates the fraction of solar 
infrared radiation that passes through a window, either transmitted directly 
or absorbed and subsequently released. Like emittance and reflectance, 
SHGC is represented as a value between zero and one, where lower 
numbers mean less solar heat admitted. Uncoated, single-glazed windows 
and curtain walls have high SHGC values, which, coupled with the glare 
of unfiltered sunlight, explains occupants’ discomfort in perimeter offices 
during warmer months.

THERMAL MASS is the ability of a material to absorb, store and release heat. 
Thermal lag is the rate at which a material releases stored heat. For most 
common building materials, the higher the thermal mass, the longer the 
thermal lag. Concrete, stone, and other materials with high thermal mass can 
help regulate indoor temperatures by absorbing heat during warmer periods 
and releasing that stored heat slowly when temperatures drop.

R-VALUE measures thermal resistance, or how well a material resists heat 
flow through conduction. Typically used to rate insulation, R-values that are 
high indicate better insulating properties.

U-FACTOR (or U-VALUE), the inverse of R-value, indicates thermal trans-
mittance, or the rate at which heat transfers through an assembly. Here, 
a lower number means better insulation. In the U.S., U-factor tends to be 
applied to glazing, whereas R-value is used for opaque materials.

Infrared thermography (left) reveals heat loss across a metal curtain  
wall frame (right).
COURTESY HOFFMANN ARCHITECTS + ENGINEERS

Window testing evaluates whether real-world performance 
meets specifications. COURTESY HOFFMANN ARCHITECTS + ENGINEERS
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Energy modeling software provides a digital 
representation of how a building element, assembly, 
or enclosure may perform thermally. These models 
use established data points, such as standard values 
for a given material’s thermal conductivity and emis-
sivity, together with environmental metrics, including 
temperature, wind patterns, and humidity, to run a 
simulation and quantify performance over a period of 
time or with static data points.

Material/assembly testing evaluates building 
enclosure components in situ or in the lab accord-
ing to desired performance metrics. For example, to 
determine the insulating property (R-value) of building 
materials, manufacturers use laboratory testing such 
as ASTM C518: Standard Test Method for Steady-
State Thermal Transmission Properties by Means of 
the Heat Flow Meter Apparatus. Testing for air pres-
sure di� erentials and water penetration can assist 
in identifying sources of convection heat transfer, as 
well as drafts and leaks. Blower door testing evalu-
ates the integrity of a building’s air barrier system by 
using a large fan in a sealed building to positively or 
negatively pressurize the structure and measure the 
fl ow rate of air.

Thermography employs cameras capable of 
capturing infrared light and representing that data in 
an image, enabling the design team to visualize heat 
loss across the building enclosure and identify points 
of signifi cant leakage. This non-invasive technique is 
often a fi rst step in evaluating the enclosure for signs 
of compromised thermal integrity but does require 
specifi c indoor and outdoor temperature di� erentials 
to be e� ective.

Architectural assessment by a licensed design 
professional experienced in building enclosure 
design is essential to contextualizing the results of 
any laboratory or on-site testing. Investigation into 
the de assembly construction and existing conditions 
o� ers insight into why observed heat loss is occur-
ring, and a condition survey can uncover concealed 
defi ciencies that may be contributing to thermal 
ine�  ciencies or deteriorating prematurely due to 
unchecked thermal cycling, leaks, and other defects.

RETROFIT STRATEGIES
Now that the design team has identifi ed defi cien-
cies, traced their source, and conducted a thorough 
condition assessment, it’s time to determine the 
best way to remedy the issues. Often, there is not 
one best solution. The approach depends on the 
owner’s goals for the building, as well as the needs 
of occupants and the anticipated disruption remedial 
measures might cause.

Addressing deferred maintenance should be part 
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HYGROTHERMIC MODELING

After a Maryland university constructed a new home for their nursing 
school, the now-vacant 1950s building at the center of campus presented 
an opportunity for repurposing. 

Thermal performance was a central concern, so the school undertook a 
study to assess existing conditions and evaluate options to upgrade the 
façade. The existing masonry barrier wall façade assembly, primarily face 
brick with concrete masonry unit (CMU) backup, did not include thermal or 
moisture control layers. The exterior wall R-value, a measly 1.9, was based 
on masonry and CMU as the sole contributors.

Using hygrothermic modeling software, the design team evaluated 
potential alteration scenarios with added interior insulation. WUFI (Wärme 
Und Feuchte Instationär, German for “heat and moisture transiency”), 
developed by the nonprofit Fraunhofer Institute for Building Physics, is 
one such tool to model how heat and moisture move through the building 
enclosure over time.

Adding inboard insulation would require construction of interior framing 
and a gypsum board finish. To anticipate possible pitfalls in retrofit work, 
the architect created a software model of the wall assembly, with interior 
layers of glass fiber insulation and painted gypsum board finish. The model 
uses historical data to project moisture content in the wall materials over a 
two-year period.

As the resultant chart illustrates, moisture content of the gypsum board 
is expected to rise over time, an indicator that the wall assembly may not 
perform well, as it is susceptible to condensation and mold growth.

A better alternative might be mineral wool insulation with a vented 
drywall cavity, or application of closed-cell spray foam insulation to create 
a continuous vapor retarder at the inside face of the CMU block. Note, 
however, that the foam plastic option would likely require a combustibility 
barrier, since it is flammable. Adding a vapor retarder also restricts 
moisture drive to one direction, so the design team must consider how this 
modification affects the wall system.

Additional questions that should be verified include whether an existing 
coating or excessive shade might compromise the wall’s ability to dry 
to the exterior and whether maintenance of the roof and wall joints is 
sufficient to prevent over-saturation of the façade assembly.

Gypsum Board

Batten Insulation In Stud Cavity

  Concrete Block

  Face Brick
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LEFT: Section drawing of existing 
wall assembly with addition of 
interior insulation.

RIGHT: WUFI diagram of interior 
gypsum board water content 
over a two-year period.
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EDITOR'S NOTE
Additional reading is required for this course. To take the exam and 
earn 1.0 AIA HSW learning unit, please visit the course page at: 
BDCNETWORK.COM/HoffmannCourse2026

of any façade upgrade strategy. For instance, sealing 
penetrations and replacing elastomeric joint sealant 
limits air flow between interior and exterior, improving 
performance.

After the design team completed their evalua-
tion of the Pittsburgh office building, they presented 
several rehabilitation options and compared them 
based on constructability, life cycle, cost, and other 
metrics. While the following is not a comprehensive 
list of strategies to address thermal performance 
in an existing façade, it does offer insight into the 
possibilities.

ADDING INTERIOR INSULATION
The least disruptive option includes the replacement 
or installation of insulation at the interior side of the 
building wall. There may be breaks where floor slabs 
and partition walls meet the exterior wall, preventing a 
continuous thermal layer. Consideration must be given 
to the existing configuration of insulation within the 
assembly and how the exterior wall manages moisture, 
as the addition of insulation can lead to condensation 
issues due to changes in the location of the dew point.

Material options for insulation include mineral 
wool, fiberglass, and cellulose, which take different 
forms, from rigid boards to loose fill to batts and rolls. 
Spray foam is another option, available in two basic 
types based on whether the foam cellular structure 
is fully encapsulated (closed cell) or porous (open 
cell). Closed-cell foams are more rigid and typically 
have higher R-values than their open-cell counter-
parts. Also, unlike open-cell foams, they may act as a 
vapor retarder when applied in sufficient thickness. 
Finally, consider that plastics are combustible, while 
products like mineral wool are not.

Reflective insulation, which incorporates a low-
emissivity surface material (typically aluminum), is an 
effective barrier against radiant heat transfer because 
it reflects almost all the infrared radiation striking its 
surface and emits very little of the heat conducted 
through it. By virtue of its impermeable surface, 
reflective insulation also reduces convective heat 
transfer when detailed intentionally.

FENESTRATION ALTERATION AND REPLACEMENT
Of all building exterior components, fenestration sys-
tems have undergone arguably the greatest level of 
technological improvement in the modern building era. 
Advancements in thermal performance over the past 
few decades include thermal breaks between interior 
and exterior elements (conduction), hermetically sealed 
insulated glazing units (conduction), and low-e coatings 
(radiation). By replacing existing single-pane glazing 
with insulated, coated glass and thermally broken fram-

ing, owners can realize significant energy savings and 
noticeably improve indoor comfort.

Prior to alteration or replacement of any glaz-
ing system, a licensed design professional should 
evaluate the load capacity of existing fenestration 
framing and building structure, as augmentation 
may be necessary to accommodate the increased 
weight of thicker glazing. Where window units are 
replaced entirely, the design must consider how the 
new components tie into the existing wall and its air 
and moisture controls, if any, as well as modern wind 
pressure code requirements and the receiving struc-
ture’s gravity load capacity.

For historic buildings, fenestration upgrades 
demand additional considerations. Preserving 
materials while realizing energy improvements can 
prove challenging, and alterations to properties on 
landmark registries may require approval from the 
local authority having jurisdiction. The Secretary of 
the Interior’s Standards for the Treatment of Historic 
Properties provides guidance on improving perfor-
mance with sensitivity to historic qualities.

BUILD-OVER FAÇADES
In some cases, owners are looking for more than just 
isolated upgrades to individual façade components 
like windows or insulation. Where full façade replace-
ment is cost-prohibitive or hazardous materials would 
make removal of façade elements a risk to health and 
safety, one option is to superimpose a new façade 
assembly over the existing one.  

For secure facilities, the weight of insulated containment glazing poses retrofit 
challenges. COURTESY HOFFMANN ARCHITECTS + ENGINEERS


