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Thermal Module

él Thermal Mass & Heat Flow

O Insulating Materials & Window Technologies
[ Shading

 Ventilation

O Internal Gains & Load Calculations

O HVAC for Small Buildings

O HVAC for Large Buildings

O Simulation Game
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ecommended R- values

Recommended insulation levels for retrofitting existing wood-framed buildings

Add Insulation to Attic
Existing 3—4 Inches of Insulation “

Wall Insulation: Whenever exterior siding is removed on an

Uninsulated wood-frame wall:

= Drill holes in the sheathing and blow insulation into the empty wall cavity before installing the new siding, and
= Zones 3—4: Add R5 insulative wall sheathing beneath the new siding
= Zones 5-8. Add R5 to R6 insulative wall sheathing beneath the new siding.

Insulated wood-frame wall:

= For Zones 4 to 8 Add R5 insulative sheathing before installing the new siding

Conversion: | m?K/W = 3.67446 h ft2F /Btu Public domain image courtesy of the US Department of Energy. I
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Thermal Bridging

In order to calculate the mean ‘R’ value of a construction that consists of different types of
constructions, i.e. a wood stud construction, one has to calculate the 'R" value for each individual
construction and then calculate the area weighted mean as the heat flow through the two constructions
goes 'in parallel’

B Vood Studs (20%)
I W 25 lnsutation (80%)
]

I/R

I]'Z/RWUUd Studs * 0.3 /REPS Insulation

wall —

I'Iil'S_D LA B



L-Value Analysis

U-Wert: 1,60 wmx U-Wert: 0,39 wimx

EnEV Bestand: U<0.24* EnEV Bestand: U=<024*

PEl n.e.: =16 kWh/m? PEIl n.e: >33 kWh/m?

- | | | ]
Gut Mangelhaft Gut Mangelhaft

Temperature Profile

Moisture Profile

] Ubakus. All rights reserved. This content is excluded from our Creative Commons license. For mare information, see


http://www.u-wert.net/berechnung/u-wert-rechner/
https://ocw.mit.edu/help/faq-fair-use/

Thermal Bridging in Archsim
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Status of Commercial Enerc

Commercial Buildings

Updated as of June 2018

Public domain image courtesy of the US Department of Energy.



http://www.energycodes.gov/status-state-energy-code-adoption

Status of Residential Energy Codes

Residential Buildings

Updated as of June 2018

|ECC = International Energy Conservation Code
Public domain image courtesy of the US Department of Energy.



http://www.energycodes.gov/status-state-energy-code-adoption

Massachusetts Stretch Code

Stretch Code Adoption, by Community

Massachusatis
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1. What is the ‘stretch’ code? s
The 'stretch code’ is an optional appendix to the
Massachusetts building energy code that allows
cities and towns to choose a more energy-
efficient option. This option increases the effi-
ciency requirements in any municipality that
adopts it, for all new residential and many new
commercial buildings, as well as for those resi-
dential additions and renovations that would
normally trigger building code requirements.
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https://ocw.mit.edu/help/faq-fair-use/

Some Insulation Materials
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Expanded Polystyrene (EPS)

Expanded polystyrene (EPS)

O Glass Fiber Board: ~a R per inch
O Economical

Left: photo [ source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more

information, see . ir S D L A B

12 Right: photo courtesy of Inspectapedia.com. Used with permission.


https://ocw.mit.edu/help/faq-fair-use/
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- Bpink

Ecolouch

INSULATION

Tha b'ﬂitfﬁlcr for
HiErt and energy savings.

h:-mr: colf

] Owens Corning. All rights reserved. This content is excluded from our Creative

Commons license. For more information, see


https://ocw.mit.edu/help/faq-fair-use/

Glass Fiber

Phato courtesy of . License: CC BY.

O Glass Fiber Batt: ~4 R per inch
« & Economical LAB


http://bestandworstever.blogspot.com/2012/05/worst-diy-attic-insulation-ever.html

15

Mieral Fiber/Wool

Q Mineral Fiber: ~4 R per inch
O More pleasant to work with than glass fiber.

[l source unknown. All rights reserved. This content is excluded from
our Creative Commans license. For more information, see

https://ocw.mit.edu/ help/fag-fair-use/.
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https://ocw.mit.edu/help/faq-fair-use/

[:Elluluse

[ source unknown. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see

Q Cellulose: ~3.9 R per inch

Q Can be blown into existing wall cavities during energy retrofits.
Q Can fill cavities of any shape.

O Make sure that cavity is dry all year round.

O Make sure that the whole cavity gets equally filled.

16

I'Iil'S_D LA B


https://ocw.mit.edu/help/faq-fair-use

Straw Bale

R e

Photo courtesy of on Flickr. License CC EY—.NE.

Q Straw bale: ~2.7 R per inch - Can be built very thick (18") )
'l S_D L A B
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https://www.flickr.com/photos/10276467@N06/4641035166/

Vacuum Insulation Panels (VIP)
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Vacuum Insulation Panels (VIP)

O VIP are typically installed where space is very limited, for example in a basement or for a retrofit
in a room with limited floor-to-ceiling height.

I'Iil'S_D LA B



Vacuum Insulation Panel (VIP)

Q VIP: ~33 R per inch

Q VIP are typically installed where space is very limited, for example in a basement or for a retrofit in a
room with limited floor-to-ceiling height.

Q With precast concrete units plus VIP, building assemblies can achieve a U-value of 0.13 W/m2K, which
complies with the passive house standard, with a total thickness of only 27 cm as opposed to the maore
standard B0 cm.

Source ENOB (www.enob.info/en/new-technologies/projects/details/precast-concrete-units-with-vacuum-insulation/)

20
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http://www.enob.info/en/new-technologies/projects/details/precast-concrete-units-with-vacuum-insulation/

THERM Analysis

Color Legend
-169° -122° 74 27° 11.5% 163% 210° C

21" 648"
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WindowsJ
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Interaction of Radiation with Windows

Visual light transmittance and solar heat gain coefficient
glazing unit
low-e coating

incident visible light

reflected light transmitted light

absorbed light

Visual light transmittance (7, )

incident radiation - low-e coating

reflected radiation transmitted radiation

re-radiated infrared radiation re-radiated infrared radiation

Solar Heat Gain Coefficient (SHGC)

Solar heat gain coefficient (SGHE): Fraction of incident total solar radiation that reaches the interior.

Visual Transmittance (t): Fraction of incident visible radiation that reaches the interiaor.

23
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Angle-Dependent Transmittance

Relative angle-dependent visual light transmittance of select glazing units

Single pane

Double pane argon low-e

Triple pane 2 x argon low-e

—= generic "glass"” in RADIANCE -~==+ actual glazing according to WINDOW

Coated glazings have a faster transmittance falloff with rising incidence angles than
single pane windows.

I'Iil'S_D LA B




Window Label NFRC

&% Essentials Window
P\[-R
E‘ Vinyl Extruded, Dual Glazed,

Natonal Fenestration Power E Glass with Argon Fill
Rating Council

Product Type: Vertical Slider

ENERGY PERFORMANCE RATINGS
U-Factor (U.S/I-P) Solar Heat Gain Coefficient

0.30 0.29

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S./I-P)

0.56 0.1

Condensation Resistance

58

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for detarmining whole

product performance. NFRC ratings are determined for 2 fixed set of environmental conditions and a

specific product size. Consult manufacturer's literature for other product performance information.
www.nfrc.org

I NFRC. All rights reserved. This content is excluded from our Creative Commons license. For more information, see
25



https://ocw.mit.edu/help/faq-fair-use/

Heat Balance Equation with Solar Gains

Outside environment Indoor environment

T

Conduction losses (T, - T ) xZg . (A xU)

Solar gains G XZg opelA X SHGC)




New England Home )
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From Architectural to Thermal Model

Thermal model courtesy of Nathaniel Jones. Used with permission.

28

Architectural model Multi zone thermal model

O In a multi-zone thermal model we are treating each room as a well-mixed thermal entity.

Q All windows are modeled coincident with the walls that they belong to.

Q External shading objects (entrance roof) are modeled separately.

O The basement is being ignored and it is assumed that there is no heat flow between basement and the [t floor.
Q Friday's tutorial will discuss building a simple thermal model in Archsim.

I'Iil'S_D LA B
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Glazing Study us

ng DIVA/Archsim

Thermal Model

Q| Corep — win
P Se Se
Windows _

Two zone energy model.

Rhino viewport

\: BUtton | )

Thermal model in Grasshopper

I'Iil'S_D LA B



Glazing Study of the New England House

Monthly Energy Use [kWh/m?]

lanuary February March April May June July August September October November  December

Electric Lighting Equipment DHW M Heating Cooling

Rase case (uninsulated) with single pane glazing
30




Glazing Study using DIVA/Archsim

\Window Settings
‘ﬂ Window Settings
Type
® External Window Internal Window

Glazing Construction

Sgl_Clr &

defaultGlazing
Airwall

DblClear Air6_13_6

SinglePaneClr

Sgl_Clr_6

Dbl _Clr_6_6_Air

Dbl _Clr_6_13 Arg

Dbl_CIr_6_1_Vacuum
Dbl_LoE3_high_solar_gains_Clr_6_12_Arg
Dbl_LoE2_high_solar_gains_Clr_6_12_Arg
Dbl_LoE2_all_climates_Clr_6_12_Arg

Rhl"ﬂ VIEWpI]l't Dbl_LoE2 solar_control_Cir_6_12_Arg

6_
6_

Trp_LoES_high_solar_gains_Clr_6_1_Vacuum

Thermal Model 0.65 Discharge Coefficient [0-1]

c10

20 Setpoint Temperature [C] (Airflow Network)

~ | Schedule (Airflow Network)
Q> Brep O |
. Name () O
2nd floor ¢ Set @ Set b} i
Library

Settings [
=71 Zone
Win
i . ¢ Beo ¢ Model
Brep O Zone L O

- Shade o] ()
d Name O Model w\_-

_ Librar: ame
Set @ Seh G Yy Name
Dir O

Settings _
4 House Uninsulated Epw @

Run O)

< c:\tmp\NewEnc

1O b

Windows

™ settings | Button :

Thermal model in Grasshopper

Two zone energy model.
++ Varying glazing types. What is ‘Sgl_Clr 6
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Sgl Clr B

Single pane glazing, B mm clear glass

1007

/

R~1 (U= 5518 W/nPK)

T,.~004%

1764

SHGL =515%

77
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Dbl Cir_6_B_Air

Double glazing: B mm clear glass, 6 mm air gap, 6 mm clear glass

1007

7,.~/06%

vis

SHGL =717

R~7 (U= 5114 W/nPK)

i S_D L A B
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Dbl Cir B 13 Arg

Double glazing: 6 mm clear glass, 13 mm argon gap, B mm clear glass

1007

T~ /0.6%

vis

SHGL =75%

f=27 (U= 2535 W/rik)

i S_D L A B

34



Dbl Clr 6 1 Vacuum

Double glazing: 6 mm clear glass, | mm vacuum, 6 mm clear glass

1007

T~ /0.6%

vis

SHEL =70674

f=25 ()= 2258 W/nk)

O Vacuum effective to keep a glazing unit thin

i S_D L A B
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Selective Goatings

EXTERIOR INTERIOR

Sunlight: Low-E Coating:

———Transmits or reflects

All wavelengths
= selected wavelengths

Long Wavelength: Short Wavelength:
Infrared radiation Visible light passes
(heat) reflected through glazing

Daytime or In Hot Climates:
Heat gain to structure Long Wavelength:
is reduced Infrared radiation
(heat) reflected

LﬂW-E stﬂrm windnw Ni"ghﬁifﬂe or |I'I GD'd GIin1EtE'5:
over clear single-pane ————_ Heat loss from structure

primary - o is reduced

Public domain image courtesy of US EPA.

I'Iil'S_D LA B



1 Dbl LoE3 high_solar gains Cir 6 12 Arg

Double glazing: B mm clear glass Low -¢ coating high solar gains on 3 surface, 13 mm argon gap, 6 mm clear glass

1007

7,.=/6.%

vis

SHEL =629%

F=4 (U= 1454 W/nPK)

O Surfaces are counted from the outside. The coating is on surface 3.

i S_D L A B

ss  Based on Cardinal Glass low-e 180 on & mm



Dbl LoEZ high_solar gains Clr B 12 Arg

Double glazing: B mm clear glass Low -¢ coating high solar gains on 2" surface, 13 mm argon gap, 6 mm clear glass

1007

7,.=/6.%

vis

SHGL =600.17%

F=4 (U= 1454 W/nPK)

Ilif
Based on Cardinal Glass low-e 180 on & mm SDLAB
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Low—¢ Locator
Test

40
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Selective Coatings

Low-e low solar gain

1—-— Idealized transmittance
of a glazing with a low-E
coating designed for low
solar heat gain. Visible
light is transmitted and

23.9° C (75° F) near-infrared solar

blackbody radiation is reflected

spectrum (suitable for a warm
climate).

Low-e high solar gain

2---- |dealized transmittance
of a glazing with a low-E
coating designed for high
solar heat gain. Visible light
and near-infrared solar
radiation is transmitted.
Far-infrared radiation is
reflected back into the
interior (suitable for a
cold climate).

Solar

spectrum

-Human eye
response

—
E
=

&
£

=

—
Q
QO
<

S

<
I\
R

=
©
.
Y
QO
O
S
()]

05

1.0 ﬁ 5.0 10.0

|
Visible | Solar infrared |

Long-wave infrared
! ! !

Wavelength (micrometers)

Figure 3-4. Ideal spectral fransmiftance for glazings in different climates.
(Source: McCluney, 1996.)

Residential Windows by Carmody, Heschong, Selkowitz; Znd edition (2000)

Image courtesy of W.W. Norton & Co. Used with permission.
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Dbl LoEZ all climates Cir 6 12 Arg

Double glazing: 6 mm clear glass Low -¢ coating all climates, 13 mm argon gap,
b mm clear glass

1007

T,:=025%

vis

SHGL =27.1%

R=4.3 (U= L 5260/ m’K)

i S_D L A B

42 Based on Cardinal Glass low-e 366 on B mm



Dbl LoEZ solar control Clr 6 12 Arg

Double glazing: 6 mm clear glass Low -¢ low solar gains, 13 mm argon gap,
b mm clear glass

1007

T,.=0/07%

vis

SHGL =18 0%

R=4.7 (/= 1.343 W/nPK)

i S_D L A B

43 Based on Cardinal low-e 340 on B mm



Triple Trp_LoEa_high_solar_gains Clr 6 1 Vacuum

Triple glazing: Bmm clear glass, Imm vacuum gap, 6mm clear glass, Imm vacuum gap,
Bmm Low-e high solar gains on Bmm clear glass

\ 7,.=087%

755

SHEL =32 5%

R=8.3 (= DI/ k)

Uiy
Based on Cardinal Glass low-e 180 on Bmm SDLAB
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Summary Glazing Study

Annual Energy Use for Different Glazing Types [kWh/m?yr]

Equipment Lighting DHW M Cooling N Heating

O Why is the overall effect of replacing glazings moderate in this case?
45




Properties for Common Glazing Types

Glazing Unit U Factor
[W/m2K]

Single pane

Double pane

Double pane with argon filling

Double pane with argon filing & low-e
coating on surface 3

Double pane with argon filing & low-e
coating on surface 2

Double pane with argon filing & low-e
coating on surface 2 and 3

Fig 12.15 Optical and thermal properties for generic common glazing units




Skylights

Conventional Skylight Insulating Glass Skylight Nanogel filled
R-7 R-10 R-20
U=0.0 W/mK =028 W/m?K
- 7
U=2.8 W/mi o =%
SHGC= 0.5

I'Iil'S_D LA B
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TLD302

Translucent Aerogel

- :.“.r
RN
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Other Aspects

Q 2% of window is frame.
Q Lenter of glazing vs. frame effects.

I'Iil'S_D LA B



Historic R-Values for Windows

. Projected

MNet enargy H-Els.uper'.ﬂ-'inj;ws.___ —
gain -

MNet energy F o meratrd o “ 7 superwindows
H LDErad g ooy
loss o T

H-5 supeny ndows

R=1.7
double pane

0

R=0.85

single pana
] ] ] ] ]
1870 1980 1930 20001

Mate: Enargy loss/gain includes conductve and convective tharmal
losses, solar gains, and the effects of window emtlance and lighting
load reductions,

Addvanced glazings have increased windows’ resistance ve-cd16-a1515-08
to heat flow, or R-value.

Public domain image courtesy of US Department of Energy 1T SDLAB




Passive Solar Heating Potential

Passive solar heating study of Anderson Street in Boston

250kWh/m?Z

. Ok"u"-u"i'u.fmz

4 X SHGC xn > heating degree hours x U Equ 9-4

_ 24500Kh x 1.6W/Km?

- Nh/m?2 Equ9-5
0.58%0.7 200kWh/m qu




Heating and Cooling Degree Hours

Bostan

e

Seattle B Heating degree hours (8°C) Boston m Heating degree hours (8°C)

Degree hours

Degres hours

Cooling degrea hours (14°C) Cooling degree hours {14°C)

Phoenix

Degres hours

Phoenix W Heating degree hours {8°C)
Cooling degree hours {14°C)




Radiation Map During Heating Season (Nov |
to Mar 31)

kWhm-2
550
495
440

e

=
.-1'1||'_" "1‘"1'|
D - s
F g " ETY -
211 kWh/m2) — L | 3 204 kWh/m2 e
06 kWh/m2) ; T [189 kWh/m2)| Ml
206 kWh/m2| i ey

223 kWh/m2

76 kWh/m?2|
224 kWh/m2 =

1209 kKWh/m2

Perspective view facing northwest Perspective view facing southeast

Windows lead to a net gain on the south; east and west are borderline; north windows

5 lead to a net heat flow loss. . S_D LAB
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