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Figure 7 - Initial membrane temperature and heat flux measurements (Desjarlais et al., 2004).

Figure 8 - Membrane temperature and heat flux measurements after one year of exposure (Desjarlais et al., 2004).
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better than reflective roof systems

with respect to peak membrane tem-

peratures and heat flux through the
system (see Figures 7 and §).

* Ascan be seen in Figure 7, initial
measurements of peak mem-
brane temperatures and heat
flux through the test sections
demonstrated that highly reflec-

INTERFACE

tive roof systems provided both
the lowest peak membrane tem-
peratures and heat flux.

As can be seen in Figure 8, after
12 months of exposure, the peak
temperatures and heat flux of
the 16.8 lb/ft* ballasted system
is equivalent to that of the high-
ly reflective membrane and the

23.8 Ib/ft* ballasted system has
lower peak membrane and heat
flux values.

2. Ballasted systems shift peak tem-

peratures and heat fluxes in propor-
tion to the weight of the covering.

As can be seen in Figures 7 and
8, both the peak membrane tem-
perature and heat flux are
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delayed as compared to the
black EPDM membrane system.
The delay ranges from 30 min-
utes to 2 hours and is propor-
tional to the weight of the ballast
covering.

3. Thermal mass, not ballast reflectivi-
ty, is the controlling variable for the
thermal performance of ballasted
roof systems.

* In Figures 7 and 8 it can be
observed that the test section
with 23.8 lb/ft* of stone ballast
and the system with pavers rep-
resenting the same weight per ft
have similar thermal perfor-
mance characteristics even
though they have very different
solar reflectances of 0.21 and
0.55, respectively. This would
lead one to the conclusion that
thermal mass, not reflectivity, is
the controlling factor for thermal
performance for this type of sys-
tem.

4. Current heat flux and maximum
membrane temperature models are

At your own pace,

on your own time, at yourﬁngertqu
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not able to accurately predict the

performance of ballasted roof sys-

tems.

¢ These models rely on accurate
boundary temperature condi-
tions and volumetric heat capac-
ity of the layers in the system.

The difficulties for ballasted sys-

tems were identified as:

— Accurately measuring the
temperature on the top of the
ballast.

— Convection effects in the
stone ballast under high
solar loads.

— The wide variability in ther-
mal conductivity of stone
ballast.

The full report for this study can be
downloaded free of charge from the SPRI
Web site, www.spri.com.

Meeting Industry Requirements with
Ballasted Roof Coverings

As noted earlier in this report, energy
codes and other related industry groups

have focused on the improvements in ener-
gy and thermal performance of systems due
to the use of highly reflective roof systems.
Accordingly, industry requirements focus
on the use of highly reflective roof mem-
branes. Work continues to gain recognition
for the thermal performance enhancements
associated with the use of ballasted roof
systems.

INSULATION USED IN ROOF SYSTEMS
Insulation for Use in Low-Slope
Commercial Roof Systems
The most common type of insulation
used in low-slope commercial roof systems
is foam plastic insulation. Foam plastic
insulation is lightweight and possesses
excellent R-value per inch. The three most
common types of foam plastic insulation
are:
* Polyisocyanurate foam - Polyiso-
cyanurate foam is manufactured via
a chemical stabilization process.
Base ingredients are polyol and iso-
cyanate. Polyol (mixed with the cat-
alyst, blowing agent, and surfactant
to control foaming) and isocyanate

IG|
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2004 Edition 2007 Edition
Climate Zone Non-Res Res Non-Res Res
I I5 I5 15 20
2 I5 I5 20 20
3 I5 I5 20 20
4 I5 I5 20 20
5 I5 I5 20 20
6 I5 I5 20 20
7 I5 I5 20 20
8 20 20 20 20

Table 5 - Roof Insulation Entirely Above Deck Prescriptive Requirements - ASHRAE 90.1

are mixed in a traversing mixing
head near the entrance of two slat
conveyors mounted one over the
other, which can be adjusted for
desired board thickness. Top and
bottom surfacing materials are pre-
heated and fed into a laminator, the
foaming mixture is fed onto the bot-
tom facing, and pressure is exerted
by the top slat conveyor. After leav-
ing the laminator, the boards are cut
to the desired dimensions.

¢ Molded polystyrene - To make

U

RCI, Inc.
800-328-1202

Wi rci-online.org

molded polystyrene, loose, unex-
panded foam beads containing lig-
uid pentane are poured into molds.
Heat expands the beads to 30 times
their original size. The beads are
then injected into a vacuum mold
and, under heat and pressure, they
are further expanded. After curing,
the blocks are cut into required
sizes.

o Extruded polystyrene - In the
manufacture of extruded poly-
styrene, a mixture of polymer, addi-
tives, and blowing agent is pumped
through a plasticating extruder at
high temperature and pressure. The
molten mass is forced through an
orifice or die onto a conveying sys-
tem. The blowing agent vaporizes,
causing the polymer to expand. The
polymer simultaneously cools and
stabilizes into a closed-cell structure
as the temperature falls.

How Does Insulation Improve the
Thermal Efficiency of the Roof System?

Heat flows from warm to cold areas and
is transferred by radiation, convection, and
conduction.

Radiation transfers heat through elec-
tromagnetic light waves. Examples of radi-
ant heat are the sun striking your body, or
the heat that is felt when sitting close to a
campfire.

Convection typically occurs as a cur-
rent of air that is warmed rises due to its
lower density. It cools as it rises, increasing
in density, and sinks to begin the process
over again. Forced air furnaces are another
example of convective heat transfer; air is
warmed as it moves over a heat exchanger
and then subsequently transfers that
warmth to objects it touches in the room.

Conduction occurs due to direct con-

tact of molecules. Heat excites the mole-
cules in an object. These molecules excite
the ones in direct contact with them. An
example of this type of heat transfer occurs
when one end of a cooking utensil is left on
a hot surface and the other end gets hot.

Insulation slows these different move-
ments of heat transfer. The R-value of insu-
lation is a measure of how effective it is at
slowing this movement. The higher the R-
value, the more effective the insulation is.
Because insulation slows all of the different
modes of heat transfer, it works in all cli-
mate zones.

Discussion Regarding the Use of
Insulation

The use of insulation has always been
recognized as the most effective way to con-
serve energy in the building envelope. Due
to current and expected future conditions
related to energy supplies, there are numer-
ous movements to increase the use of insu-
lation in the building envelope, including
the roof system.

For example, ASHRAE 90.1-2007 was
scheduled for release in 2008. This stan-
dard significantly increases energy efficien-
cy requirements. Originally scheduled for
release in June 2007, the release date was
postponed until the fall to allow for the
inclusion of two addenda that increase the
energy efficiency of the opaque envelope
and of fenestrations (see Table 5).

In addition to this immediate change, in
the 2010 version of 90.1, ASHRAE has the
goal of achieving a 30% energy savings as
compared to the 2004 version. It is likely
that the 2007 version of ASHRAE 90.1 will
be adopted into the 2009 International
Building Code and then be adopted by local
communities.

ASHRAE is not the only organization
leading this charge to energy efficiency. The
American Institute of Architects (AIA) has
issued a challenge to aggressively pursue
improvements in energy efficiency until
buildings become carbon neutral and use
no fossil fuel or greenhouse gas-emitting
energy to operate by the year 2030. The
U.S. Conference of Mayors has endorsed
this challenge, and a host of agencies
recently pledged to help set the benchmark
to measure improvement (Slone et al,
2007).

As another example, effective June 26,
2007, the USGBC LEED program now
requires all projects applying for LEED cer-
tification to achieve at least two Optimized
Energy Performance points.



With all of this activity, it is important
for designers to keep current and future
insulation requirements so that the build-
ings they are designing today will meet code
when they are constructed. Consultants
play a major role in making sure that roofs
are designed to meet these future require-
ments.

Optimum Insulation
Instead of only considering energy-code
requirements, designers are using methods
to calculate the optimum insulation amount
based on an economic analysis. The opti-
mum amount of insulation is the amount
that has the lowest life cycle cost (LCC),
expressed as:
LCC = FC+M+R+E-RV
Where:
LCC = Life cycle cost ($)
FC = First cost ($)
M = Maintenance cost ($)
R = Replacement cost ($)
E = Energy cost (3)
RV = Resale value or salvage ($)

Figure 9 provides an example of an LCC
analysis for insulation amount. In this
example, First cost increases as the amount
of insulation increases. Enercy cost
decreases as insulation amount increases.
The lowest LCC is the lowest sum of first
cost and energy cost, R20 in this example.

RECOMMENDATIONS AND CONCLUSIONS
Single-ply membranes can be a critical

following recommendations:

1. Use either a highly reflective roof
membrane or a ballasted membrane
system to enhance the thermal effi-
ciency of the system. These roof cov-
erings have demonstrated the ability
to save energy in all warm, moder-
ate, and cool climate zones, exhibit-
ing the most benefit in regions that
predominantly require cooling.

2. In predominantly cooling climate
zones, consider a maintenance pro-
gram that includes cleaning the
highly reflective roof membrane sur-
face. Analysis shows that this pro-
vides a very positive return on
investment in these areas.

3. Highly reflective roof membranes
can be used to meet many industry-
related requirements such as the
California Energy Code, USGBC-
LEED, and local mandates, to name
a few.

4. Always use at least the minimum
insulation amount recommended in
ASHRAE 90.1-2007 for the given cli-
mate zone. Do not use trade-offs to
reduce the amount of insulation.

5. Use life cycle analysis methodology
to determine the amount of insula-
tion that should be used to maxi-
mize its economic benefit. [&

component when

designing energy-effi- 16
cient roof systems.

Research has demon- 14 -
strated that both {
highly reflective sin- 12
gle-ply roof mem-

branes and ballasted 10
single-ply mem- (&
branes can enhance |§ 8

the thermal per- |8
formance of the roof 6
system. Rigid plastic

foam insulation is 41
also a critical compo-

nent of energy-effi- 21
cient systems and .
reduces heat flow S

through the roof in all
climate zones.
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Roof Insulation (R-values)

When designing a

|_._ch°sgs+emrgycom—.—|.cc|

roof system to maxi-
mize its thermal effi-
ciency, consider the
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Figure 9 - Life cycle cost analysis (Owens Corning Technical
Bulletin, March 2007).

BUIDING

ENVELOPE

KNOWLEDGE
ASSESSMENT

Test your knowledge of building envelope
consulting with the following questions devel-
oped by Donald E. Bush, Sr., RRC, FRCI, PE,
chairman of RCP’s RRC Examination Develop-
ment Subcommittee.

1. How much of a reduction in
actual thermal efficiency of a
roof system can be attributed
to the use of a single layer of
rigid-board insulation?

. The temperature of a roof
surface is a function of both
albedo and emissivity. What
are albedo and emissivity?

. What are the only two
elements of roof and wall
construction that vary in
thermal resistance due to the
direction of heat flow?

. Cool roof requirements are
viewed differently by ASHRAE
and the Energy Star® pro-
gram. What is the difference?

. What are the two methods of
calculating the average
thickness of tapered
insulation systems?

. When following the
conservative criteria
recommended by ASHRAE for
the use of vapor retarders in
low-slope compact roofs,
which items should be
considered?

REFERENCES:

Manual of Low-Slope Roof Systems, Fourth
Edition; NRCA Energy Manual, Fourth
Edition; NRCA Roofing & Waterproofing -
Fourth Edition

Answers on page 38
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KNOWLEDGE
ASSESSMENT

Answers to questions from page 37:

. 10%, which increases substantially when
metal fasteners, plates, and washers are
used.

. Albedo is the reflectivity of a surface as
compared to the full spectrum of the
sun’s energy. Emissivity is the ability of
a surface to reradiate the heat that has
been absorbed.

3. Air films and air spaces.

. ASHRAE only recognizes the value of
having high emissivity. The Energy Star
program only recognizes value of high
reflectivity.

. A. Arithmetic average thickness =
LP + [1/2 (HP-LP)|
B. Volumetric average thickness =
LP + [2/3 (HP-LP]
(LP equals low point or minimum system
thickness. HP equals high point or
maximum system thickness.)

. A. Vapor retarder perm ratings should
approach 0 perm.

. The vapor retarder should be com-
pletely sealed at side and end laps.

. The vapor retarder should be sealed
and flashed at all roof perimeters and
penetrations.

. The vapor retarder should envelop
the vertical edges of insulation
boards.

. Vapor retarder materials must be able
to resist damage from hot asphalt or
the adhesives specified for the pro-
ject and should be compatible with
common roofing application practices.

. The vapor retarder should be chem-
ically compatible, for the long term,
with conventional roofing materials
and the interfacing roof system
components specified.

. The vapor retarder may need to have
good adhesion and shear properties if
the roof system’s structural integrity
(e.g., wind-uplift resistance, resist-
ance to buckling and splitting) de-
pend on the secure adhesion or
attachment of the vapor retarder and
the roof insulation.
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