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Overview

- New core materials for Vacuum Insulated Panels
(VIPS):
How would they impact whole building energy performance?
- Whole building energy impact on building retrofits

- Methodology:

Parametric modeling of DOE reference buildings with and
without retrofit

Improvement in energy performance by climate zone

Improvement in energy performance by panel size and
thickness

- Results:
Issues with impact on energy performance over time
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Vacuum Insulated Panels
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CORE MATERIAL FOR VIPs

Fumed Silica Glass Bubbles Diatom

Electron micrograph, thanks to Prof. Mufit Akinc, Material Science and Engineering
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MATERIAL PROPERTIES

Material Type Diatomaceous Fumed Stilica Glass Bubbles Glass Fiber
Thermal conductivity (W/m.K) @ 1 atm 0.0269 0.0175 0.0145 0.01006
Thermal conductivity (W/m.K) @ vacuum 0.0029 0.0042 0.0027 0.0041
Emissivity 0.930 0.930 0.930 0.930
Density (g/cm?) 0.400 0.037 0.150 0.255
Specific heat (J/m’K) 0.5x106 0.1x10¢ 0.06x10¢ 0.1x10¢
Moisture diffusivity (cm?/s) 0.160 0.213 0.095 0.184

Material properties of the various core materials used (Chang, 2016)
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DOE REFERENCE BUILDINGS

ASHRAE Climate Zone Reference City U-Value (BTU / ft2hr°F) R-Value (ft*ht°F / BTU)
1A Miami 0.550 1.818
2A Houston 0.172 5.822
2B Phoenix 0.240 4.169
3A Atlanta 0.146 6.846
3B Los Angeles 0.220 4.549
3C San Francisco 0.130 7.699
4A Baltimore 0.088 11.251
4B Albuquerque 0.099 10.003
4C Seattle 0.092 10.885
5A Chicago 0.082 12.193
5B Boulder 0.082 12.193
6A Minneapolis 0.065 15.398
6B Helena 0.072 13.892
TA Duluth 0.058 17.270
8A Fairbanks 0.045 22.195

pre-1980 residential exterior wall assemblies listed by ASHRAE climate zone
(Standard 90.1-2007) 6
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PRESSURE VERSUS TIME

Pressure vs Thermal Resistance
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Thermal resistance of various core material types as tested across
pressures ranging from 26 Pa to one- atmosphere 8
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PRESSURE VERSUS TIME

Pressure vs Thermal Resistance

vacuum
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Parametric Model
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RETROFIT WALL ASSEMBLY

VIP assembly
showing
elements of the
construction,
standard
across all
climate zones
with varying
levels of
insulation in
the steel stud S R
cavi ty Plywood substrate

VLU

Retrofit of Vacuum Insulation Panel

Wood siding
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Revised Results

e

[B) The Architecture of Com.
Untitled - Rhinoceros 5.0 Educational .
File Edit View Curve Surface Solid Mesh Dimension Transform Tools Analyze Render Panels Help
M| Autosave completed successfully - &
Command: S 2T i 2
| |the amount of information (negentropy) of the state.
Standard / CPlanes ' SetView | Display  Select ' Viewport Layout ' Visibility ' Transform  Curve Tools  Surface Tools * Solid Tools  Mesh Tools  Render Tools ' Drafting  Newin V5 &3] Mlowing this line of argument. but not introducing
"y ® @ | T \'d potion of levels and stable subassemblies. Jacobson
O3 POPPEOD BN ASen S L R E e R K,

ed at estimates of the time required for evolution so
as to make the event rather bable Our analv-

Q.02 %A1 18, Grasshopper - Apartment Building_Adj

@ Location 4 Nodes D Vaterisls £ Metrics Fle FEdt View Display Sotion Help
)
Prm Math Set Vec Crv Sif Msh Int

? I @[3 Eﬁﬂﬁzg‘w
©

% © O & &
07 | Dayight | Mate

———— BE o -HB-®-yw
’ — Ik )

0578986.283988

Nl 5ce9E e o
1B W 3G G 50
- CETS UETIETS

5 n‘*? Top [+ [[Perspective

N,
@, .
BE
gl o
£l .,

EER YT
Fhte kRHD

Front |7 | = 2w

= Intensity mJ/m2
{0;0;0}

0 46.177047

- EEEEEE
& Perspective | Top | Front | Right | <
| CPiane x112.77 y122.96 20.00 Meters Wl Default Grid Snap | Ortho | Planar | Osnap = SmartTrack = Gumball Record History  Filter |Available:
T FFFF i

4 items

& Perspective | Top | Front | Rig

CPlane | x-206.91 y-174 20.00 Willimeters | Default GridSnap | Ortho | Planar | Osnap | Smarilrack | Gumball | Record History | Filter | Available physical memory: 13957 MB
PAGE1OF1 128 WORDS [ AT TS TIE TeqUITeT TOT e SVOTUTION O TN+ - Peo— . o —
PN 07 O A SN T S 70 : o d organism is trivially

12

TE UNIVERSITY Center for Building Energy Research




RETROFIT ENERGY PERFORMANCE

Thermal Energy Consumption (Heating/Cooling) by ASHRAE Chmate
Zone
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Results of EnergyPlus simulation showing thermal energy consumption by
ASHRAE climate zone

13

[OWA STATE UNIVERSITY Center for Building Energy Research




RETROFIT ENERGY PERFORMANCE

Thermal Energy Consumption (Heating/Cooling) by ASHRAE Chmate
Zone
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THERMAL ENERGY CONSUMPTION

Climate Zone Thermal Energy (m]/m2) (before retrofit) | Thermal Energy (m]/m2) (after retrofit) Net Reduction
1A 45.4 44.2 2.6%
2A 45.7 41.4 9.4%
2B 43.2 40.2 6.9%
3A 44.0 42.3 5.2%
3B 42.4 40.7 4.0%
3C 46.6 43.6 6.4%
4A 53.7 49.3 8.2%
4B 52.4 49.1 6.3%
4C 53.1 49.2 7.3%
4 5A 80.4 51.2 36.3% N\
5B 80.4 51.2 36.3%
6A 101.4 65.3 35.6%
6B 94.6 61.9 34.6%
TA 127.8 78.4 38.7%
\ 8A 145.9 93.1 36.2% /

Results of EnergyPlus simulation showing thermal energy consumption by
ASHRAE climate zone comparison between pre-1980 and retrofit case 15

[OWA STATE UNIVERSITY Center for Building Energy Research




PANEL SIZE VS ENERGY USAGE

Panel Size vs Energy Usage, by material type
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PANEL SIZE VS ENERGY USAGE

Panel Size vs Energy Usage, by material type
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PANEL THICKNESS VS ENERGY USE

Panel Thickness vs Energy Usage, by material type
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Effects of panel thickness on whole building thermal energy
consumption when compared with the baseline condition 18
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PANEL THICKNESS VS ENERGY USE

Panel Thickness vs Energy Usage, by material type
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PRESSURE VS THERMAL

Pressure vs Thermal Conductivity

—g— Diatomaceous Earth
—— Glaz: fibers
Glas: Bubbles

—o— Fumed Siica

Thermal Conductity, W/mK

<M -« ]: - \c\ ~ -« \: ¥ - ]:\ \ 1:
-\ - - NV - WUV - VU

Prezzure, Pa

Increase in thermal conductivity within a pressure range corresponding with
expected values over 50 years 20
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Time vs Pressure

Time vs Pressure
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Increase in pressure over time based upon the model proposed by
(J. Fricke 2007) 21
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THERMAL RESISTANCE vs TIME

Thermal Resistance vs Time
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due to pressure increase 22
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