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Overview

= A new paradigm for building enclosures has been introduced by the
Fraunhofer CSE for Building America Projects

= Between 2008-2010 a consortium of commercial companies led by
MCA and ORNL designed and constructed a series of commercial test
roofs utilizing metal roofing panels with cool roof coatings,
v_er|1(tilated cavities, PV laminates, reflective insulations, and PCM heat
sinks.

= Most of these assemblies are still being tested

= Some of findings from this study were adopted by the Building
America team led by the Fraunhofer CSE for application in new
residential buildings and residential retrofits

= This presentation is showing an example of utilization of the PCM
heat sink technology for residential roof retrofit with use of the
metal roofing panels.

\

~ Fraunhofer

USA



Current Paradigm for Thermal Design of Buildings

doesn’t Recognize Dynamic Exterior Processes
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A New Paradigm Introduced by Fraunhofer CSE is
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Past Performance Study of Metal Roofing Assembly
Containing PCM Heat Sink
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Irst Concept ot the PCIVI Attic - 2007 J. Kosny, W. Mille

A-A cross section

PV laminate &

- / Metal roof panel
A \ Un-vented

air cavity

.Z"j "
\ Reflective foil

| Foam Insulation
PCM heat sink
Roof deck

Reflective foil

Zone 1 - Un-vented air
cavity all time

Conventional Attic Insulation
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Ventilated roof-over-the-roof assembly;

PCIVI Attic — Conriguration Detalls — July 2003




Conventional Attic Insulation

Lool Root Coating — Nov. 2002
A-A cross section
Metal Roof
with Cool
\Roof Coating
Roof deck

Attic space
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A-A Cross sec_tion

S~_Shingle Roof
\ Roof deck

Attic space

Conventional Attic Insulation
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Results from the Dynamic Envelope Study performed at the ORNL
campus

WINTER TEST DATA
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Results from the Dynamic Envelope Study performed at the ORNL
campus

~ Fraunhofer

USA



are

gu IFoOen

tial Tor Harvesti

ng -ola

‘J
\-d-o-.a

- Summer Roof
Surface Temperatures in PCM Attic can reach 170 degF

Temperature (°F)

180 180 82.2
,\
Jun13,2010 P n s
AN N /\‘///' =
PR AN o 160 SN 711
160 v ,_.\'I‘ 'I'.‘\\“-\ 0:; // L
AN o
N v t\& 2 140 Ve 60.0
I ENY ] A
140 - lll,' L\\\\ £ 120 \‘\‘ | 488
A+ I'l .Q‘\ g ‘_‘~\\ AT
Al ',' \‘\ = \.,\\\ A ,6' .
120 / i \‘“‘ g 100 A \‘/,"l..‘\\\ [/'. ] ‘,"I 37.7
.’ i,: . ‘\\ % N \’,/ \\/ Y
\
/ f .\-.| i 80 26.6
100 /| [ \'\"\ i \ /\/
/l W, g 60 /\\/ 155
e ——— e 2228993923993 3333
50 zz2zo0a0 385 ¢ 82 ss<g<C<s s 33
T T 1 1 1 1 1 © o Y T
0 4 8 12 16 20 24 AR L T B
. Week Start Date
Time of Day (Hrs.)
— —PV-PCMRoof — - IRR Metal ---- Shingle — Ambient — —PV-PCM Roof — "IRR Metal ---- Shingle — Ambient Air

Weekly Maximum Temperature (°C)




- — -
~

es Greatly Attic Alr lemperature In
na erage over 7.5 deg F difference

PCIVE J/Jodem'

Spring

Temperature (°F)

100 37.7 140 60.0
Mar8, 2010 Jun 13,2010
VAN
80 A 26.6 120 48.9
s ¢
155 5 % 100 37.8
g 5
[ Q
2 €
£
s Q2 .
~ S
44 80 N 26.7
20 ‘ ‘ ‘ ‘ ‘ -6.7 60 15.6
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time of Day (Hrs.) Time of Day (Hrs.)

— —PV-PCMRoof —-IRRMetal - Shinale — Ambient Air — —PV-PCMRoof —--IRRMetal ~  ---- Shingle — Ambient Air

Temperature (°C)




)

[ LUl

mp

rle

|

/
/=

u— O mM©o®omownN <
o . MO~ AN O
Dnuu = S FTomomA
= <
[ - —
=2 5 o £ |3 %,
O s 58 |2 %,
D.:Dn.mb g &\.Q@
525 % |§ 7
= () \V
I = O
| i ~ OO WO LW O\AO\
H Cd9ggoo®

(D) @in1eladwa] abelany Apoam

o o ©
o [e0] Ln
© < —
.\.\
/]
\
¥
\
BY
.—/
o o o o o
< N o 0] [{e]
— — —

(do) ainyeiadwa] abelany A|paam

0T-unc-Gg
0T-unc-8t
0T-unc-TT
otT-unc-y
0T-AeN-82
0T-AeN-TZ
0T-AeN-¥T
oT-Aen-2
0T-ldv-0€
0T-ldv-€2
0T-1dv-9T
0T-ldv-6
0T-1dv-2
0T-1eN-92
OT-'eN-6T
OT-1eN-ZT

Week Start Date




)
)

)

(L)

zc= (Cooling Load)

| — about 50% difference

60

DU RECL N PAC

>
s
=~

1.9

IRR Metal

— —PV-PCM Roof
---=-Shingle

Mean (Loss)
(W/m?2)

(Btu/Hr-ft2)

1.3

<
o

0.1

M o
o o

(zwW/M) (ss07) xn|d 1eaH "By

0.0

C
-

-
-
Y

Ss

-
-_°
s

©
o

o

(z4-1H/nMg) (sso) xn|4 1esH "Bay

0T-unc-gg
0T-unC-8T
OT-ung-TT
0T-unc-¥
0T-AenN-82
0T-AeiN-TZ
0T-AeN-1T
0T-AeN-2
0T-1dv-0€
0T-1dv-€2
0T-1dv-91
0T-1dv-6
0T-1dv-2
0T-1eiN-92
0T-"enN-6T
OT-1eiN-2T

Week Start Date



Green Roofing Technology Ready for
Full-Scale Application in Building
America Projects
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= In 2010 - Fifteen Building America Teams Were Selected by DOE

= List and of Current Enclosures Research Areas for Fraunhofer-CSE
Building Enclosure Research Team

= Three Building America Project Locations Considered by the
Fraunhofer CSE

= New PCM Thermal Storage Technologies proposed by the
Fraunhofer-CSE for Building America Program
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Fraunhorver Center For sustainable Energy systems —
sullding Eneragy Eiriciency Group — (CGIre AGiviiiGe

» Test, evaluate, and demonstrate the performance of
energy-saving building technologies

= Apply novel materials to energy-efficient building
components and systems

* Model and simulate advanced building systems

» Develop breakthrough, cost-effective energy retrofit
technologies and processes

» Adapt high-performance European building technologies
to North American markets and climates and vice versa
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For the complete integrated roofing and wall system offerings, review the Fabral Phase Change technical manual.
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2hd Phase Change Energy solutions
—
' , Thinking beyond insulation. weall know traditional insulation works

asa simple barrier that slows the transfer of heat. That'sa good start, but we have now
gore beyond insulation to develop Phase Change material technology thatabsorbsand
| releases exaess heat as needed. The result? Buildings that want to stay at a presaibed

temperature throughout the day, consuming less energyand keeping room tempera-
tures more aonstant,

~ How It Works

Phase Change materials absorband release heatat pre-set temperatures, It is enginesred
around a fundamental property of nature: the natural tendency of materials toabsork
heat when they melt (phase change from solid to liquid) and to release heat when they
solidify (phase changefrom liquid to solid). All materials exhikit this behavior, however
there are sorme in particular that go through this phase change at or near mom temperature, absorbing and releasing heat in the process.

When these Phase Change materials are placed in quantity into the structure of a building, they absorb heat during the day and then releaseit at
night. This makes the entire energy cycle more energy efficient, Less Kwh are used to heat and cool buildings while Phase Change material intel-
ligently @pturesand releases otherwise wasted energy.

By absorbing
AND
releasing heat, structures can
AND WILL
maintain a constant and
comfortable
building temperature.

Phase Change
materialsinaease

the comfort,

safety and

effidency

of buildings by:

+ reducing indoor ternperature fluctuation
+ reducing need for heatingand cooling

+ reducing greenhouse gas emissions

+ reducing overall energy use

+ shifting energy usage away from peak demand
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A new paradigm for building enclosures has been introduced. It will be
used by the Fraunhofer CSE team for Building America projects

Over the winter and spring, the PV-PCM attic showed a 30% reduction
in the heating load compared to the conventional shingle attic.

On average, the maximum day time temperatures were lower by about
15% in the PV-PCM attic compared to the shingle attic; this difference
was higher in the late-spring and summer monthes.

In average weekly Attic Cooling Load in case of the PV-PCM attic was
~50_%dlower comparing to the shingle attic - during spring-summer
period.

Continued evaluation through the months of July and August can
provide better metrics for comparing the hot-weather performance of
the PV-PCM roof strategy to the shingle roof.

The new sustainable way of reroofing with the PV-PCM technology not
only improves overall performance of existing roofs, but in addition will
generate inexpensive solar electricity.
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Thank You!

ANY QUESTIONS?

DR. Jan Kosny
Fraunhofer CSE
Boston, MA USA

Ph: 865-607-6962
Email: jkosny@fraunhofer.org
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