INSULATION MODULE—ENERGYPLUS EXERCISE INSTRUCTIONS

Exercise Introduction and Objectives

This exercise provides a base file for a two-story building, measuring 104’ x 48'. The building is
modeled with core and perimeter zoning for each floor.

The objective of this exercise is to study the effect of insulation on a building’s energy use. The
same structure is modeled with standard steel stud wall or wood stud wall constructions and
different insulation thicknesses to study the difference in energy consumption.

Another simulation is run to study the effect of different types of insulation on the roof.

Note:

These exercise instructions and associated input files have been written to conform with EnergyPlus v5.0.0 format.
Use of these instructions and input files with later versions of EnergyPlus may require changes or updates to input
objects and location of data sets and weather files.

Building Description

The base file building is modeled with the following construction components:

o External Walls: Steel-framed R-13 + R-7.5 ci_Ext-wall; layers: MAT sheathing + wall
insulation + gypsum

e Roof: Metal deck roof with mineral fiberboard insulation

e Floor: Unheated 8" slab with carpet

e Internal Walls: Gypsum board double layer

Note: About IDF Editor

Users who want a simple way of creating or editing EnergyPlus input data files (IDF) can use the IDF Editor. They
can view and edit any EnergyPlus object using a spreadsheet-like grid. A list is provided for inputs with several
options. The IDF Editor outputs an EnergyPlus input file with proper syntax and comments to help the user
understand the input values. In addition, the IDF Editor converts standard inch-pound units into SI units compatible
with EnergyPlus. The IDF Editor does not check inputs for validity, although it highlights some numeric fields that
are out of range. For the purpose of this exercise, the IDF editor is a useful input interface.




WALL INSULATION COMPARISONS
Exercise Procedure

New construction objects for external wall surfaces are created with the following layers (outside
to inside):

e 100mm brick external face

e 13mm wall air space (1/2")

e Insulation: expanded polystyrene - molded beads - 32kg/m’ density (0.5"/ 1"/ 2" thick)
e Composite 2 x 4 wood stud/steel stud

Simulations are run and energy usage data obtained for analysis.

Wood Stud Wall, 0.5” EPS Insulation
Instructions

1. Start > IDF Editor > File > Open > 1.Insulation_BaseFile.idf
2. Save as > 2.Insulation WoodStud 0.5in.idf in the destination folder.
3. First step is to import materials for the new construction components:
a) File > Open Dataset > ASHRAE 2005 HOF Materials.idf
b) Open Class List > Material

ﬁ C:AEnergyPlus¥5-0-0AD ataS ets\ASHRAE _ 2005 HOF_Matenals. idf

mi =2 =0F
Class List Comments fram IDF
0204] b aterial

[O0B4] b aterial:Mokdass

[0002] b aterial:AiG ap
[0015] Construction

Dup Obj Del Ok Copy Obj | Faste Ok

E #planation of Kewwaord

Fegular materials described with full zet of thermal prope

1D A1
Enter a alphanumeric walue
Thiz field iz required.

Field Unitz Obi Obj2 | Ob3

M ame FO7 25mm stucco | FOS Metal
Fioughness Smooth Smoath Smoath
Thickness m 0.0095 0.0254 0.0008
Conductivity -k 072 072 4528
Density kg/m3 1856 1856 7824
Specific Heat Jikgk 840 840 500
Thermal Abzorptance

Solar Absorptance

Vizible Absorptance

¢) Look for M01 100mm brick > Copy Object
d) Paste object into 2.Insulation_ WoodStud 0.5in.idf > Class List > Surface
Construction Elements > Material

p. 2 of 23



e) Repeat process with the following material: Insulation: Expanded polystyrene—
molded beads—32kg/m? density.

vent

0 || &|[ Mewibi | DupObi | Delobi | Copyii

Class List Comrments from IDF
[-] Schedule:Constant A

Surface Construction Elements

03] Material Mokdazs
------ ] MaterialInfraredTransparent

] Material:AirG ap

] Material:Roofvegetation

-] Windowibd aterial: SimpleGlazingSystem
00017 “windowhd aterial: Glazing

Explanation of Keyword

...... ] windawh aterial GlazingGraup: T hermachramic Regular materials described with full set of thermal properties
------ ] Windowhd aterial: Glazing: R efractionE stinctionkd ethod
] Windowhd aterial: G az 1D: &1 .
] Windowhd aterial: G asMisture En_ter_a alphanul_'nenc: value
] Windowhaterial Shade This field iz required.
] Windowhd aterial: Blind
] Windowhd aterial: Screen b
Field Units Obj10 Obi11
Mame bA01 100mm brick.  Insulation: Expanded polystyrene - molded beads - 32 ka/m3 density
Fioughness b ediumF ough WeryFough
Thickness m 01me 0.025
Conductivity - 0.a3 0.033
Drenszity kg/m3 1520 32
Specific Heat Jikgk a0 1210

Thermal Absorptance
Solar Abzorptance
Wizible Abzorptance

f) Change thickness of insulation object to 0.0127m (1/2 inch).

"€ File Edit “iew window Help

[ || &l| New0bi | DupObi | DelObi | Copyobi | |

Clags List Comments from [DF
[----] Schedule:Constant A

Surface Construction Elements

0016 al
[0003] MaterialMoMass

[--=-] Material:InfraredTransparent

[---] Material&irGap

[-+=-] Material:RoofVegetation

[-===] "Windowtd atenal: SimpleGlazingS ystem

el e 7 1 s
[0001] WindowM aterial:Glazing gl AN B R

[-===] "Windowtd atenal: GlazingGroup: Thermochromic Regular materials descri
[---] “Windowbd aterial: Glazing: R efractionE stinctionkd ethod

[-===] WWindowtd aterial: G az 1D M1 .
[---=] Windowhd atenial: GasMixture Mo default value availal
[-ee] WWindowitd aterial: Shade Range: 0<% <=3
[---] *indovetd sterial Blind This field iz required.
[----] “Windowhd aterial Screen bt

Field Units Obi11

MHame Insulation: Expande
Roughness WeryFough
Thickness m

Conductivity WK 0.033

Denzity kasm3 32

Specific Heat Jikg-k 1210

Themal Asbzorptance

Solar Absorptance

Yizible Absorptance

g) We now need to create a material object for the 13mm air space, the data for which is
obtained from the 2009 ASHRAE Handbook, Chapter 26, Table 3.
Class List > Surface Construction Elements > Material: AirGap > New Object

p. 3 0of23



Enter the following data:

Name

Air space resistance

Thermal Resistance (m*-K/W)

0.16

The data selected is for vertical air space - horizontal heat flow, 10°C mean
temperature, 5.6 K temperature difference, €.¢r= 0.82

4. We now need to import the composite wall construction for standard 2 x 4 wood stud
wall.
a) File > Open Dataset > Composite WallConstructions.idf

E[File] Edit View Window Help

C

=5

Sl T T e

olo

Mew
Open...
Open DataSet

Close

Save
Save As...

Save Options...

Page Setup
Print

2 Insulation_WoodStud 0.5in.idf
OfficeBldg-Wood 0.5".idf
OfficeBldg schedule.idf
ASHRAE_2005_HOF_Materials.idf
CompositeWallConstructions.idf

Insulation_BaseFile.df

Exit

Ctrl+M
Ctrl+C

Ctrl+5

Ctrl+P

i_l Paste Obj |

Corarnerts from [TFE

3 ASHRAE_2005_HOF_Materials.idf
Boilers.idf

California_Title_24-2008.idf

Chillers.idf
CompositeWallConstructions.idf
ElectricGenerators.idf
ElectricitylJSAEnvironmentallmpactFactors.idf
ElectronicEnthalpyEconomizerCurves.idf
FluidPropertiesRefData.idf
FossilFuelEnvironmentallmpactFactors.idf
GLHERefData.idf
GlycolPropertiesRefData.idf
MuoistureMaterials.idf

PerfCurves.idf
PrecipitationSchedulesUSA.idf

RefrigerationCompressorCurves.idf

b) Look for Class List > Construction > Composite 2 x 4 Wood Stud R11
The Composite 2 x 4 Wood Stud R11 Construction Object contains three material

layers in the order:

Composite 2 x 4 Wood Stud R11 #3

Composite 2 x 4 Wood Stud R11 #2

Composite 2 x 4 Wood Stud R11 #1

Hence we need to import these three materials into our idf file.
Class List > Materials > Composite 2 x 4 Wood Stud R11 #1 > Copy object
Paste into 2.Insulation WoodStud 0.5in.idf > Class List > Surface Construction

FElements > Material
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d) Repeat process with materials:

Composite 2 x 4 Wood Stud R11 #2
Composite 2 x 4 Wood Stud R11 #3

& File Edic View ‘window Help

0 ||| wewobi | Dupobi | Deiobi | CopyObi | PasteOti

Class List Comments from IDF
[----] Schedule:Congtant -~

Surface Construction Elements

0003] katerial:Mobdass

------ ] MaterialInfraredT ranzparent

------ ] MaterialAilGap

[-----] M aterial R oofyegetation

[--] Windowhd aterial: SimpleGlazingS ystem
0001] wWindowkd aterial: Glazing

Explanation of Keyword

Windowh aterial:GlazingGroup: T hermachramic Fegular materials described with full set of thermal properties
windowhd aterial:Glazing: B efractionE stinctiontethod
------ ] Windowhd aterial: G as ID: A1 i
------ ] WindowM aterial: G asMizture Enter a lphanumeric value
------ ] WindowM aterial: Shade This field is raquired.
[---] Windawhd aterial:Blind
[--] ‘Windowhd aterial: Screen b
Field Units | Obj12
Marme Composite 2ud Woc
Fioughhess
Thicknesz m
Conductivity K
Denzity ka/m3
S pecific Heat Jikagk

Thermal Absorptance
Solar Absarptance
Wisible Absorptance

5. We now need to create the new Composite Wall Construction Object for our external
walls with the imported material layers.
Class List > Surface Construction Elements > Construction > New Object

Enter the following data:

Name Composite WoodStud

Outside Layer MO1 100mm brick

Layer 2 Air space resistance

Layer 3 Insulation: Expanded polystyrene — molded beads — 32 kg/m3 density
Layer 4 Composite 2 x 4 Wood Stud R11 #3

Layer 5 Composite 2 x 4 Wood Stud R11 #2

Layer 6 Composite 2 x 4 Wood Stud R11 #1
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I3
0 |e|&|[ wewobi | Dupobi | Delobi | copyosi | |
Class List Comments from [DF

------ Windowh aterial: Blind
------ Wwindow aterial: 5 creen

------ M aterialProperty: PhaseChange

------ t aterialProperty: ariable T hermalConductivity

------ taterialProperty:HeatbndM oistureTransfer. Settings

------ M aterialProperty: HeathndM aistureT ransfer: S orptionl sotherm

------ t aterialProperty: HeatbndMoistureTransfer: Suction

------ M aterialProperty: Heatbnd oistureT ransfer: R edistribution

------ t aterialProperty: HeatbndMoisture T ransfer: Diffusion

------ t aterialProperty:HeatbndM oisture T ransfer. ThermalConducti

i aterialProperty: GlazingS pectrall ata
[yl

Construction: ClactorUndergroundi all

------ Construction: FfactorGoundFloor

------ Construction: IntemalSource

------ Construction:\indowD ataFile

------ Windowhd aterial Shade e

------ t aterialProperty: MoisturePenetrationD epth: Settings E

|=

Explanation of Keyword

Start with outside layer and work, your way to the inzside layer
Up to 10 layers total, 8 for windows
Enter the material name for each laper

ID: A1
Enter a alphanumeric valug
This field is required.

Field Units
Marme
Outside Layer
Layer 2

Layer 3

Layer 4

Layer 5

Layer &

Layer 7

Layer 8

Layer 3

Layer 10

Obj12

Composite_WoodStud

b407 100mm brick,

Air space resistance

Inzulation: Expanded polystyrene - molded beads - 32 kg/m3 density
Composite 2+4 Wood Stud A171 #3

Composite 244 Wood Stud A11 #2

Composite 2x4 Wood Stud A11 #1

6. We now need to assign this new construction object to all external wall surfaces of our
building.
Class List > Thermal Zones and Surfaces > Building Surface: Detailed
This object list consists of all surfaces of the building. We need to change the external
wall surfaces of all zones (8 surfaces in total) from Steel-Framed_R-13 + R-7.5 ci_Ext-
wall to Composite_WoodStud using the pull-down menu.

Apply the change to the following objects:
Object 1 >ZN 1 FLR 1 SEC 1 Wall 1
Object 7>ZN 1 FLR 2 SEC 1 Wall 1
Object 13>ZN 1 FLR 1 SEC 2 Wall 1
Object 19>ZN 1 FLR 2 SEC 2 Wall 1
Object27>7ZN 1 FLR 1 SEC 3 Wall 3
Object33>ZN 1 FLR 2 SEC 3 Wall 3
Object40>7ZN 1 FLR 1 SEC 4 Wall 4
Object46>7ZN 1 FLR 2 SEC 4 Wall 4

a)
b)
©)
d)
¢)
f)

2
h)
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[ File Edt Yiew ‘Window Help

el

01| c2|&| Mewobi | Dupobi | Delobi | Copyobi | feoe s

Clazs List

Comments fram IDF

[----] MateralProperty:GlazingSpectrall ata
[0MZ] Construction

[-+] Construction: ClactoriUndergroundis/all
[----] Construction: FfactorGroundFloor
[---] Construction: nternals ource

[----] Construction:\windowD ataFile

[0001] GlobalGeometyFRules:
[----] GeometyT ransfarm
[0010] Zone

[----] ZoneList

-] ZoneGroup

0060] BuldingSurface:Detaled

[----] MatenalProperty:Heatdndtoisture Transfer Redistrbution A
[----] M atenalProperty:Heatdndboisture T ransfer Diffusion i
[--=-] M atenalProperty:Heatdndroisture T ransfer; ThermalConduct

Explanation of Kemword

To be matched with a constuctio
|D: A3

Select fram lizt of objects

Thiz field iz required.

Field Uitz Obit

M ame ZM_1_FLR_1_SEC_1_'wall 1
Surface Type W' all

Construction Mame -
Zane Mame ZM_1_FLR_1_SEC_1
Dutzide Boundary Condition Outdoors

Dutzide Boundary Condition Dbject

Sun Exposure SunExposed

Wind Exposure windExpozed

Wiew Factor to Ground autocalculate

Mumber of Vertices 4

Wertex 1 ¥-coordinate m 0

Wertex 1-coordinate m 0

Wertex 1 Z-coordingte m 325

7. All data required for the new composite wall construction is entered into the idf file,
which now needs to be set up for required output.
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Output Data
The following objects allow standard reports to be defined and utilized in EnergyPlus:

e OQutput: Table: Time Bins

e Output: Table: Monthly

e Output: Table: Summary Reports
e Output Control: Table: Style

No Output: Meter or Output: Variable objects need to be specified to use the standard reports. A
good set of example reports is available in the StandardReports.idf file in the DataSets directory
of EnergyPlus.

This exercise is limited to creating basic summary reports in html format.
Instructions (continued)

8. Select Class List > Output Reporting > Output: Table: SummaryReports > New Object
Enter the following data:

Report 1 Name AnnualBuildingUtilityPerformanceSummary
Report 2 Name EnvelopeSummary

Report 3 Name InputVerificationandResultsSummary
Report 4 Name ClimateSummary

Report 5 Name EquipmentSummary

These are basic reports that allow for a quick analysis of the building’s performance.
Select more detailed reports from the pull-down menu for in-depth analysis.
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& File Edit View Window Help

02| | Mewobi | Dupobi | Delobi | Copyobi| Pace ot

Clazz List

Commentsz from IDF

[0001] Qutput:Surfaces:Drawing

[-+=+] Output:Schedules

[0001] Output:Constructions
OutputControl:SurfaceColorS cheme

[-+==] Output:T able:konthly

[0001] OutputCantral: T able:Style

[-+=-] Outputariable

[-+==] Output:beter

[----] Output:Meter:MeterFile0niy

[-+=-] Output:Meter Cumulative

[----] Output:Meter: Cumulative: M eterFile0nly
[-=-] MeterCustam

[-+=-] Meter CustomDecrement

[----] Output:50Lite

[-+=-] Output:EnvironmentallmpactF actars
[----] ErveironmentallmpactFactors

Explanation of Kewword

Thiz object allows the user to call report types thal
other tabular reportz. These predefined reports ar
and appear in the zame files az the tabular reports
of the predefined reportz that should appear in the

|0 A1
Select from hist of choices

Field Uitz Objt

Report 1 Mame AnnualBuldingUtlityPerformanceSummi -
Repart 2 Hame EreeelopeSummary

Feport 3 Mame | nputyerific ationandf ezultsSurmmary
Report 4 Mame Climate Summary

Feport 5 Mame EquipmentS urnmary

Report & Mame

9. Select > Class List > Output Reporting > OutputControl: Table:Style > New Object

Enter the following data:

Column Separator

HTML

Other default styles include comma (which works well for importing data into
spreadsheet programs such as Microsoft® Excel®), tab (for word processing programs),

fixed, etc.

The idf file is now ready for simulation after saving changes.

10.
its destination folder.
11.
OHare.Intl.AP.725300 TMY3.epw
12. Simulate

Start > EP-Launch > Input file > Browse > Select 2.Insulation WoodStud 0.5in.idf from

Weather File > Browse > C:\EnergyPlusV5-0-0\WeatherData\USA IL_Chicago-
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EP-Launch

Single Input File | Graup of Input Files | History | Utites |

nergyPlus Process _ o] x]

Performing Zone Sizing Simulation

WYarming up

Galculating Detailed Daylighting Factors. Start Date-87.21
Yarming up

Warming up

Performing Zone Sizing Simulation

Yarming

GCalculating Detailed Daylighting Factors. Start Date-87.21
Warming up

Yarming up

Performing Zone Sizing Simulation

Calculating System sizing

Calculating System sizing

Calculating System sizing

Initializing Simulation

Reporting Surfaces

Initializing New Environment Parameters

Yarming up €13

Galculating Detailed Daylighting Factors. Start Date-81.01
Warming up

Yarming up {32

Warming up {47

Warming up {53

Starting Simulation at @181 for Chicago Ohare Intl Ap IL USA THY3 WMOH=7253P8

0 GARD Deliverablesw/ithid ap201 UEhanges\Insu\atmn\S-j

Edit - Text Editor Edit - IDF Editor |

go-OHare Intl4F. 725300_TH' 3. epw j

oot |

Simulation in Progress

File Edit “iew Help

Single Input File |Emup of Input Fles | History | Utilties |

Input Fil
’VI MN:AASE3TI - EnergyPlus Training Modulesiapr 2010 GARD Deliverablestwithid ap201 UChanges\Insu\almn\S-j

EnergyPlus Run Status X

& EnergyPlus Completed Successtully- 0 'Warning: 0 Severe Enors; Elapsed Time=00hr 00min 53.11sec

Edit - Text Editor Edit - IDF Editor |

T

AP 726300_ThiY3.epw J

Wiew Hesul

Text Output Files Drawing File Spreadshests

EnergyPlus 5.0.0.031

Simulation Completed

Exit
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Program Version:EnergyPlus 5.0.0.031, 5/19/2010 3:17 PM

Tabular Output Report in Format: HTML

Building: 2StoryOfficeBuilding

Environment: Chicago Ohare Intl Ap IL USA TMY3 WMO#=725300

Simulation Timestamp: 2010-05-19 15:17:26

Report: AnnualBuildingUtilityPerformanceSummary
For: Entire Facility
Timestamp: 2010-05-19 15:17:26

Values gathered over 8760.00 hours

Site and Source Energy

Total Energy [GJ] | Energy Per Total Building Area [MI/m2] | Energy Per Conditioned Building Area [MI/m2]

Total Site Energy 379.10 408.72 408.72
Net Site Energy 379.10 408.72 408.72
Total Source Energy 734.19 791.54 791.54
Net Source Energy 734.19 791.54 791.54

Sample Image of Table Output

Wood Stud Wall, 1" EPS Insulation

This composite construction only needs a change in the thickness of the insulation layer material
from the 0.5-inch wood stud composite construction. Therefore, we can continue working on the
idf file we have just created.

Instructions

1. Start > IDF Editor > File > Open > 2.Insulation_ WoodStud 0.5in.idf

2. Save as > 3.Insulation WoodStud 1lin.idf in the destination folder

3. Select Class List > Surface Construction Elements > Material > Insulation: Expanded
polystyrene - molded beads - 32 kg/m3 density

4. Change thickness to 0.0254m (1").
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&
el
D|D"|E| NewDbi| Dup Obj | Del Okj | CopyDbi| |

Clazs List Comments fram [DF

Surface Construction Elements ~

[0003] M atenal:Mokdazs

[----] MatenalInfraredT ransparent

[0001] MateriakAiGap

[----] M atenial:RoofWegetation

[-+=] WWindowuhd aterial: SimplellazingSystem

[00071] wWindowbd aterial:Glazing

[-=--] “Windowtd aterial: GlazingGroup: Thermochromic

Explanation of K, d
[--=-] “Windowbd atenial: Glazing: B efractionE stinctionkd ethod Hplanaton of heywor

[-] ‘Windowh aterial: G as Reqular materials described with full et of H
[----] “windowtd aterial: G azhd isture

-] Windawt aterial: Shade ID: M1 ]

[-] ‘WindowM aterial: Blind No default value available

[-] “windowbd aterial:5 creen Range: 0<% <=3

[-+=-] M atenalProperty: MoisturePenetrationD epth: Settings Thiz field is required.

[-+=] M atenalProperty: PhazeChange B’

Field Unitz Objl1

Marne Insulation: Expanded polystyrens - molde
Roughness “WeryRough

Thickness m

Conductivity Widm-k 0.033

Denizity kg/m3 32

Specific Heat Jikg-k 1210

Thermal Absorptance
Solar Absomptance
Vizible Abzorptance

5. The file is ready to simulate after saving changes.

6. Start > EP-Launch > Input file > Browse > Select 3.Insulation. WoodStud lin.idf from
its destination folder.

7. Weather File > Browse > C:\EnergyPlusV5-0-0\WeatherData\USA_IL_Chicago-
OHare.Intl.AP.725300 TMY3.epw

8. Simulate

Wood Stud Wall, 2" EPS Insulation
Instructions

1. Start > IDF Editor > File > Open > 2.Insulation WoodStud 0.5in.idf

2. Save as > 4.Insulation WoodStud 2in.idf in the destination folder.

3. Select Class List > Surface Construction Elements > Material > Insulation: Expanded
polystyrene - molded beads - 32 kg/m3 density

4. Change thickness to 0.0508m (2").

5. The file is ready to simulate after saving changes.

6. Start > EP-Launch > Input file > Browse > Select > 4.Insulation WoodStud 2in.idf
from its destination folder.

7. Weather File > Browse > C:\EnergyPlusV5-0-0\WeatherData\USA_IL_Chicago-
OHare.Intl.AP.725300 TMY3.epw

8. Simulate
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Steel Stud Wall, 0.5” EPS Insulation

This composite construction differs from the 0.5” wood stud composite construction in the layers
of interior wall face construction.

Instructions

1. Start > IDF Editor > File > Open > 2.Insulation_WoodStud_0.5in.idf

2. Save as > 5.Insulation_SteelStud 0.5in.idf in the destination folder.

3. We now need to import the composite wall construction for standard 2 x 4 steel stud wall.
a) File > Open Dataset > CompositeWallConstructions.idf

&i[File] Edit View Window Help

E MNew Ctrl+M .l_l Paste Obj |

ol Open... Crl+0 e ol

[ Open DataSet 3 ASHRAE_2005_HOF_Materials.idf
g Close Boilers.idf

{D o s California_Title_24-2008.idf

[ Savaer, Chillers.idf

Cave Ot ian=s CompositeWallConstructions.idf

ElectricGenerators.idf

% Fagesetup ElectricitylSAEnvironmentallmpactFactors.idf
E Eint Sy ElectronicEnthalpyEconomizerCurves.idf

{ 2Insulation_WoodStud_0.5in.idf FluidPropertiesRefData.idf

[ OfficeBldg-Wood 0.5".idf FossilFuelEnvironmentallmpactFactors.idf

% OfficeBldg schedule.idf GLHERefData.idf

[Fi ASHRAE_2005_HOF_Materials.idf GlycolPropertiesRefData.idf

H CompositeWallConstructions.idf MoistureMaterials.idf

? Inzulation_BaseFile.idf PerfCurves.idf

= PrecipitationSchedulesUSA.idf
Exit

U'

RefrigerationCempressorCurves.idf

b) Look for Class List > Construction > Composite 2 x 4 Steel Stud R11
The Composite 2 x 4 Steel Stud R11 Construction Object contains three material
layers in the order:

Composite 2 x 4 Steel Stud R11 #3
Composite 2 x 4 Steel Stud R11 #2
Composite 2 x 4 Steel Stud R11 #1

Therefore we need to import these three materials into our idf file.
Class List > Materials > Composite 2 x 4 Steel Stud R11 #1 > Copy object

c) Paste into 5.Insulation_SteelStud 0.5in.idf > Class List > Surface Construction
Elements > Material

d) Repeat process with materials:

Composite 2 x 4 Steel Stud R11 #2
Composite 2 x 4 Steel Stud R11 #3
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0| il|[ MewDbi | Dupdbi | DelOb | CopyObi

Class List

Comments from [DF

------ ] Schedule:vear
0037] Schedule:Campact
------ ] Schedule:File
------ ] Schedule:Constant

0003] Material:Nokass
------ ] Material|nfraredTransparent
0001] MaterialAilGap

] Schedule:wWeek:Daily ~
] Schedule'wWeek:Compact i

Surface Construction Elements

Explanation of Keyword

Regular materials described with full set of thermal properties

------ ] Material: R oofegetation 10 A1

rrrrrr ] Windowh aterial: SimpleGlazingS pstem Enter & alphanumenic: value

0001] “Windowkd aterial Glazing This field i required.

------ ] WwindovM aterial: GlazingGroup: T hermochromic

------ ] \Windawh aterial: Glazing R efractionE stinctiont ethad b

Field Units Okj1s Obil& Okj17
Marne Compasite 2¢4 Steel Stud R11 #1  Composite 224 Steel Stud R11 #2  Compasite 2x4 Steel Stud R11 #3
Roughness Smaoth Smoath Smaoth
Thickness m 0maz 002 0.025
Conductivity WK 0.72 0.08 0.452
Density kgdm3 E40 118.223 413782
Specific Heat Joka-K 1048 1042 1048
Themal Abzorptance 04 04 04
Solar Absorptance 0.7 07 0.7
izible Absorptance 0.7 07 0.7

We now need to create the new composite wall construction object for our external walls
with the imported material layers.
Class List > Surface Construction Elements > Construction > New Object

Enter the following data:

Name Composite SteelStud

Outside Layer MO1 100mm brick

Layer 2 Air space resistance

Layer 3 Insulation: Expanded polystyrene — molded beads — 32 kg/m3 density
Layer 4 Composite 2 x 4 Steel Stud R11 #3

Layer 5 Composite 2 x 4 Steel Stud R11 #2

Layer 6 Composite 2 x 4 Steel Stud R11 #1

KA
Ve

0S| &d| Mewobi | pupobi | Delbi | Copyobi | |

Clasz List

Comments from |DF

tater

Windawh aterial: Gas ~
-] “windowi aterial: G asMisture
-] Windowhd aterial:Shade
-] Windawhd aterial:Blind E
-] "windowtd aterial:5 creen
-] MaterialProperty:MoisturePenetrationD epth: Settings
-] MaterialProperty:PhaseChange
-] MaterialProperty:y ariable T hermalConductivity
-] MaterialProperty:HeatbndM cisture Transfer S ettings
-] MaterialProperty:Heattndh cistureTransfer S orptionl sotherm
-] MaterialProperty:HeatindM cisture Transter S uction
-] MaterialProperty:Heattndh oisture T ransfer: Redistribution
-] MaterialProperty:HeatbndM oistureT ransfer: Diffusion
-] MaterialPropeity:Heattndh cistureTransfer: ThermalConduct
!

E xplanation of Keyword

ety GlazingSpectralD ata
1D: &1

actorndergroundi sl Enter a alphanumeric value

:FiactorG roundFloor | |This field is required.

Start with outside laper and wark your way to the inside layer
Up to 10 layers total, & for windows
Enter the material name for each layer

Figld
Mame
Outside Layer
Layer 2
Layer 3
Layer 4
Layer &
Layer B
Layer 7
Layer &
Layer 9
Layer 10

Uitz Oki13
C .
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5. We now need to assign this new construction object to all external wall surfaces of our
building.
Class List > Thermal Zones and Surfaces > Building Surface: Detailed
This object list consists of all surfaces of the building. We need to change the external
wall surfaces of all zones (8 surfaces in total) from Composite_WoodStud to
Composite_SteelStud using the pull-down menu.

Apply the change to the following objects:

a) Object 1 >ZN 1 FLR 1 SEC 1 Wall 1
b) Object7>ZN 1 FLR 2 SEC 1 Wall 1
c) Object13>ZN 1 FLR 1 SEC 2 Wall 1
d) Object 19>ZN 1 FLR 2 SEC 2 Wall 1
e) Object27>ZN 1 FLR 1 SEC 3 Wall 3
f) Object33>ZN 1 FLR 2 SEC 3 Wall 3
g) Object40>ZN 1 FLR 1 SEC 4 Wall 4
h) Object46>ZN 1 FLR 2 SEC 4 Wall 4

[ ||| Wewobi | Dupobi | Delobi | copyobi | |

Clazs List Cornments from IDF

[---] Construction: FfactarGroundFlaor ~
[-+=-] Construction:Internal3 ource
[-=-] ConstructionindowD ataFile

Thermal Zones and Surfaces

[00M] GlobalGeometmRules
[---] GeametyT ranztorm

[0010] Zone

[-~] ZoneList Explanation of Kewword

------ Zonelroup - -
00ED] BuildingSurtace:D etailed To be matched with & construction
[—] *Wall Detailed ID:43 _

[-] PoofCeiling Dataied Select from list of objects

[] Flaar:Detailed This field is required.

[----] “wfall:Emterior

[---] *allAdiabatic

[----] wfall:Underground bl

Field Unitz Obil

MHame ZM_1_FLR_1_SEC_1_‘all_1
Surface Type wfall

Construction Mame

Zone Mame ZM_1_FLR_1_SEC_1
Outzide Boundary Condition Outdoors

Outzide Boundary Condition Object

Sun Exposure SurExpozed

Wind Exposure WindE xposed

Wiew Factor to Ground autocalculate

Mumber of Yertices 4

Yertes 1 #-coordinate m i

Wertex 1 -coordinate m a

Wertex 1 Z-coordinate m 3.258

6. All data required for the new composite wall construction is entered into the idf file,
which is ready for simulation after saving changes.

7. Start > EP-Launch > Input file > Browse > Select 5.Insulation SteelStud 0.5in.idf from
its destination folder.
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8. Weather File > Browse > C:\EnergyPlusV5-0-0\WeatherData\USA _IL_Chicago-
OHare.Intl.AP.725300 TMY3.epw
9. Simulate

Steel Stud Wall, 1" EPS Insulation

We can repeat the process by changing the material thickness of the insulation layer in
Composite Steel Stud construction object.

Instructions

1. Start > IDF Editor > File > Open > 5.Insulation_SteelStud 0.5in.idf

2. Save as > 6.Insulation_SteelStud lin.idf in the destination folder.

3. Select Class List > Surface Construction Elements > Material > Insulation: Expanded
polystyrene - molded beads - 32 kg/m3 density

4. Change thickness to 0.0254m (1").

e

0 ||| Wewobi | DupObi | DelObi | Copy0bi |

Class List Comments from IDF
[----] Schedulew'eek: D aily -

[----] Schedulew'eek: Compact F

[----] Scheduleear

[0037] Schedule:Conpact

[---] Schedule:File

[----] Schedule; Constant

Explatation of K.ewword

Regular material: described with full zet of thermal properties

[OO07] M aterialAiG ap

[----] Material R oofegetation 1D N1 .

[------] "Windowhd aterial SimpleGlazingS ystem No default value availabls

[0007] *windowhd aterial: Glazing Ha_ngg: D_< bt <= 3

[---==] "windova aterial: GlazingGroup: Thermachromic This field is required.

[----] “windowbd aterial: Glazing: FefractionE stinctionkd ethod b

Field Units Ok b3 Obi10 Obj11
Mame Std ‘Wiood Binch Std MaT-CCO5 4 M MOT 100mm brick.  Inzulation: Expande
Floughness MediumSmoath Riough MediumB ough YeryRough
Thickness m 015 0.1 01018

Conductivity ek 01z 0.858 089

Density ka/m3 540 1968 1520

Specific Heat Jika-K 1210 8368 730

Thermal Absorptance 04 1K

Solar Abzorptance 0.7 0y

‘Wizible Abzorptance 0.7 nz

5. The file is ready to simulate after saving changes.

6. Start > EP-Launch > Input file > Browse > Select 6.Insulation_SteelStud lin.idf from its
destination folder.

7. Weather File > Browse > C:\EnergyPlusV5-0-0\WeatherData\USA_IL Chicago-
OHare.Intl.AP.725300 TMY3.epw

8. Simulate
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Steel Stud Wall, 2" EPS Insulation
Instructions

1. Start > IDF Editor > File > Open > 5.Insulation_SteelStud 0.5in.idf

2. Save as > 7.Insulation_SteelStud 2in.idf in the destination folder.

3. Select Class List > Surface Construction Elements > Material > Insulation: Expanded
polystyrene - molded beads - 32 kg/m3 density

4. Change thickness to 0.0508m (2").

The file is ready to simulate after saving changes.

6. Start > EP-Launch > Input file > Browse > Select > 7.Insulation_SteelStud 2in.idf from
its destination folder.

7. Weather File > Browse > C:\EnergyPlusV5-0-0\WeatherData\USA IL Chicago-
OHare.Intl.AP.725300 TMY3.epw

8. Simulate

hd
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ROOF INSULATION COMPARISON
Exercise Procedure

The composite construction created in an earlier exercise—steel stud wall, 0.5"” EPS insulation—
contains a roof with an overall R-value of R-20.

e Roof =R20
File name: 5.Insulation SteelStud 0.5in.idf
Roof object name: IEAD R-20 c¢i_Roof

Construction details:

Layer Name Thickness, t Conductivity, k R-Value
(m) (W/m-K) (m*-K/W)
Roof Membrane 0.0095 0.16 0.0594
Roof Insulation (13) 0.1673 0.049 3414
Metal Decking 0.0015 45.006 0.0000333
Overall Roof R-Value | 3.4737
IP Unit Conversion Factor | 5.678263
Overall Roof R-Value | 19.7 (h-ft*>F)/Btu
e Roof=R40

New construction object for the Roof [R-value=40 (h-ft%’F)/Btu] is created with the
following layers:
a) Roof membrane

b) Insulation: Expanded polystyrene—extruded (smooth skin surface) (HCFC-142b
exp.)—-8" thick
c) Metal Decking

Simulations are run and energy-usage data obtained for comparison.
Instructions

1. Start > IDF Editor > File > Open > 5.Insulation_SteelStud 0.5in.idf
2. Save as > 8.Insulation Roof R40.idf in the destination folder.
We will make changes to the roof insulation in this idf file.
3. First step is to import the insulation material for the new roof construction.
a) File > Open DataSet > ASHRAE 2005 HOF Materials.idf
b) Open Class List > Surface Construction Elements > Material
¢) Look for Insulation: Expanded polystyrene - extruded (smooth skin surface)
(HCFC-142b exp.) > Copy Object
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d) Paste object into 8.InsulationRoof R40.idf > Class List > Surface Construction

Elements > Material

e

=l

D ||| Wewobi | DupObi | Delb | Copyob |

Clazz List

Comments from 1DF

[--] Scheduleiweek:Daiy
[----] Schedule’wesk: Compact |
[---] Schedulervear
[0037] Schedule:Compact
[--=-] Schedule:File
[----] Schedule:Consgtant

] |

[0003] Matenal:Mokass
[---] MaterialInfraredT ransparent

[0001] Matenal:AirGap

[----] Material RoofYegetation

[-=-] Windowhd aterial:SinpleGlazingS pstem

[00071] wWindowbd aterial: Glazing

[----] “Windowhd aterial:Glazing G roup: Thermochromic
[---] Windowhd aterial:Glazing: RefractionE stinctionbd ethod

Explanation af Kepward

Regular materials described with full set of thermal properties

ID: Al
Enter a alphanumeric value
Thiz field iz required.

Field Uitz

M amme

Roughneszs

Thickness m
Conductivity W
Denzity ka/m3
Specific Heat JikgK

Thermal Abzorptance
Solar Abzorptance
Vizible Absorptance

4. Change thickness of imported insulation layer to 0.2032m (8").

D)/ || MewObi | DupObi | DelObi | CopyObi | |

Clazz List

Comments from [DF

[-----] Schedule’week:Daily
[---] Schedule’w'eek: Compact
[----] Schedule’rear

[0037] Schedule:Compact
[-—] Schedulz:File

[----] Schedule:Congtant

[0001] bdatenialbiG ap

[---] W aterial:Foofyegetation

[----] ‘wfirdowbd aterial: SimpleilazingSyatem

[0001] “windowbd atenial: Glazing

[-----] “wfirdowbd aterial: Glazing(E roup: Thermochromic

Esplanation of Kepmword

Fegular matenials dezcribed with full zet of

1D: M1

Mo default value available
Range: 0 < ¥ ¢=3

Thiz field iz required.

Thermal Abzarptance
Solar Absorptance
Wizible Abzorptance

[----] ‘wirdowbd aterial: Glazing: B efractionk stinctionkd ethod b’

Field | nitz Obj1a

Mame Inzulation: Expanded palysturens - extn
Roughneszs b ediumS mooth

Thickness m EE
Conductivity WAk 0.029

Denzity kg m3 29

Specific Heat JAkg-K. 1210
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5. We now need to create the new roof construction object with the imported material layer.
Class List > Surface Construction Elements > Construction > New Object
Enter the following data:

Name Roof R40

Outside Layer Roof Membrane

Layer 2 Insulation: Expanded polystyrene - extruded (smooth skin surface) (HCFC-
142b exp.)

Layer 3 Metal Decking

ven

D |e2|&|[ wewoti | Dupobi | ook | copy i | |
Class List Comments fram IDF

“windowbd aterial Shade »~

-] Windowh aterial Blind F

-] Windowhd aterial: S creen

-] MaterialProperty: MoisturePenetrationD epth: Settings E

-] MaterialProperty: PhaseChange

M aterialProperty:\ ariableT hermalCanductivity

MaterialProperty: HeatAndM oistureTransfer. Settings

-] MatenalProperty:Heatdndh cisture Transfer: Sorptionl sotherm

-] MaterialProperty:Heatdndkoisture T ransfer: Suction

-] MaterialProperty:Heatandr oisture Transfer: Redistribution

-] MatenalProperty:Heatdnd aisture Transfer: Diffuzsion

-] MaterialProperty:Heatdndi oisture Transfer: ThemalConducti Start with outside layer and wark your way to the inside layer
o a5 Up to 10 layers tatal. 8 for windows

Enter the material name for each layer

Explanation of Keyword

-] Construction: FfactorGroundFloor ID: A1

-] Constuction:IntemalSource Enter a alphanumeric value
------ ConstructionwWindowD ataFile ~ | |This field is required.
Field Units Obj14
M ame Roof_R40
Outside Layer Fioof Membrane
Layer 2 Insulation: Expanded polystyrene - extuded [smooth skin surface) (HCFC-142b exp.]
Layer 3 tetal Decking
Layer 4
Layer 5
Layer &
Layer 7
Layer 8
Layer 9
Layer 10

6. We now need to assign this new construction object to all roof surfaces of the building.
Class List > Thermal Zones and Surfaces > Building Surface: Detailed
This object list consists of all surfaces of the building. We need to change the roof
surfaces of all zones (5 surfaces in total) from IEAD_R-20 ci_Roof to Roof_R40 using
the pull-down menu.

Apply the change to the following objects:

a) Object 12>7ZN 1 FLR 2 SEC 1 Ceiling
b) Object24 >ZN 1 FLR 2 SEC 2 Ceiling
c) Object36>ZN 1 FLR 2 SEC 3 Ceiling
d) Object48>ZN 1 FLR 2 SEC 4 Ceiling
e) Object60>ZN 1 FLR 2 SEC 5 Ceiling
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10.

rail

[1|e|&| Mewobi | DupObi | DelObi | Copyobi |

Clazs List

Comments fram IDF

[-=-] Constuction:lnternalS ource -
[--] ConstrctionwindowD ataFile -

Themnal Zones and Surfaces —=

[--] WaltDetailed
[---] RoofCeiling:Detailed
[=++=] Floor.Detailed

[-+--] W allE sterior

[--] Walladiabatic
[--] WallUnderground
[-+-=-] WallInterzone

[<

E=planation of Keypword

ID: &3

Thiz field iz required.

To be matched with & constuction in this in

Select fram list of objects

Field Unitz
Mame

Surface Type

Construction MNamme

Zohe Mame

Outzside Boundary Condition
Outzide Boundary Condition Object
Sun Exposure

Wind Exposure

Wiew Factor to Ground

MNumber of Vertices

Wertey 1 ¥-coordinate

Wertex 1 %-coordinate

Wertey 1 Z-coardinate

Wertex 2 ¥-coordinate

Wertex 2 v'-coondinate

Wertex 2 Z-coordinate

Wertex 3 ¥-coordinate

Wertey 3 7-coordinate

ENENENENENENENE

Obj1z

ZN_1_FLR_2_SEC.

Rioof

Dbj13
ZN_1_FLR_1_5EC
sl

M—;l Composite_SteelSh

ZN_1_FLR_2_SEC.

Outdoars

SunE=posed
WindE xpozed
sutocalculate
4

]

]

325

i

225
2713
457

ZM_1_FLR_1_SEC
Outdoors

SunExpozed
WindE spozed
autocalculate

All data required for the new roof construction is entered into the idf file, which is ready

for simulation after saving changes.

Start > EP-Launch > Input file > Browse > Select 8.Insulation Roof R40.idf from its

destination folder.

Weather File > Browse > C:\EnergyPlusV5-0-0\WeatherData\USA IL_Chicago-

OHare.Intl.AP.725300 TMY3.epw
Simulate
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RESULTS
Wall Insulation: Energy End-Use Comparison

The output graphs are created from the output data in the END USES Table in the Annual
Building Utility Performance Summary Reports from the html files.

Wall Insulation:
Heating Energy Comparison - Natural Gas (GJ)

235
230
225
220 -
215 ~
210 -
205 ~
200 A

m Steel Stud Wall

B Wood Stud Wall

0.5" EPS insulation 1" EPS insulation 2" EPSinsulation

Heating (Natural
Gas) Steel Stud Wall|Wood Stud Wall
0.5” EPS insulation 231.26 223.92
1” EPS insulation 22479 219.35
2" EPS insulation 216.14 212.64

Wall Insulation:
Cooling Energy Comparison - Electricity(GJ)

43.5
43
42,5 -
42 - W Steel Stud Wall
a15 - B Wood Stud Wall
41

0.5" EPS insulation 1" EPS insulation 2" EPSinsulation

Cooling (Electricity) |Steel Stud Wall\Wood Stud Wall
0.5” EPS insulation 43.32 42.73
1" EPS insulation 42.85 42.42
2" EPS insulation 42.27 42.02
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Roof Insulation: Energy End-Use Comparison

The output graph is created from the output data in the END USE Tables in the Annual Building
Utility Performance Summary Reports from the following files:

e R20 = 5.Insulation_SteelStud 0.5in.html
e RA40 = 8.Insulation Roof R40.html

Roof Insulation:
Energy End use comparison - (GJ )
250
225 +
200 -
175 +
150 +
i.{?}g ] H Cooling (Electricity)
75 m Heating (Natural Gas)
50
25 -
0 -
R20 Mineral fiberboard roof ins [GJ] RAQXPS roof ins [GJ]
R20 Mineral fiberboard roof ins R40 XPS roof ins
[GJ] [GJ] % Decrease
Cooling (Electricity) 43.32 42.48 2.0
Heating (Natural
Gas) 231.26 213.42 8.4

This material is based upon work supported by the U.S. Department of Energy under Award Number DE-FG26-
07NT43330 to the Alliance to Save Energy. All material Copyright 2010 U.S. Department of Energy. All rights
reserved.

This document was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof.
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