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Outline for the Course

Thermal Bridge Theory

Principles of thermal bridge modeling
Flixo orientation/walkthrough
Module 0 Warm up

Module 1 EQ Layers

Module 2 Wall Corner

Module 3 Brick Ledge

Module 4 Lintel
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The Why of Psi

Thermal Bridge Theory

 Thermal bridge definition, types of TBs, and why controlling them is
critical for super-insulated buildings.

* Typical thermal bridge details and design techniques to reduce
thermal bridge heat loss.

 How to use and input psi values with the PHPP/ WUFI Passive
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Section 1 — Background + Basics

What is a thermal bridge?
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Section 1 — Background + Basics

What is a thermal bridge?

Short answer:
A discontinuity in the thermal envelope.
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Section 1 — Background + Basics

What is a thermal bridge?

Short answer:
A discontinuity in the thermal envelope.

What types of discontinuities might there be in a thermal envelope?
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Section 1 — Background + Basics

What is a thermal bridge?

Short answer:
A discontinuity in the thermal envelope.

What types of discontinuities might there be in a thermal envelope?
* Repetitive bridges (studs, floor joists, rafters)

 Material changes (windows, insulation)

* Penetrations (pipes, fasteners)

* Assembly junctions (roof to wall, wall to floor, etc)

* Corners
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Section 1 — Background + Basics

Repetitive TBs

Should be accounted
for in calculation of
assembly U-values in
the PHPP

Point TBs
(penetrations)

Usually use side
calculators instead of
thermal bridge
modeling software.
Examples: large
fasteners in commercial
facades, pipe
penetrations)

Linear TBs
(assembly junctions)

Three types:

1) Structural (ex —rim
joists, prefab wall
junctions)

2) Geometric (ex —wall
corners, roof ridge)

3) Combination (ex —
wall to roof, wall to
slab)
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Section 1 — Background + Basics

Repetitive TBs — entry in PHPP

Azzembly no. Building assembly description Interior insulation?
B H %

6 EEasement wall to ecellar

Heat transfer resistance [meA] interior Ry, :: 0.13
exterior R,. 2 0.13

Area section 1 L [Wiimk)] Area section 2 (optional) L DWIimK)] Area section 3 (optional) £ [WITmIE)] t [in] [mim]
1 iGWB 0.170 0.000 0.000 5/8 16
2 iRoxml ComfortBatt 0.035 iWood (softwood)* 0.130 0.000 3 1/2 a9
3 (GWB 0.170 0.000 0.000 5/8 16
4 iRoxml ComfortBoard IS 0.036 0.000 0.000 0 0
5 0.000 0.000 0.000
G 0.000 0.000 0.000
I O.000D 0.000 0.000
g 0.000 0.000 0.000

Percentage of sec. 1 Percentage ofsec. 2 Percentage of sec. 3 Total
85% 15.0% 121 |em
............................. T
U-valug su pplementg"“mmmmmw%‘M(m‘r{} UValue: 0.431 WIm=K)

R- 13.2

PO
CertiPHlers.,

Center for Sustainable Building Research COOPERATIVE




Section 1 — Background + Basics

o5l Edit assembly

Mame
Exterior Wall

Themmal resistance [hrft2 *F/1Y| Call materal database on new layer nl'| Accept thickness from database

Nr | I'\-'Iateri_al La*j,'er_ i . A Color Thic.knesa
(from outside to inzide) |  [Btwhr ft °F] [in]
1 Knauf SP 260 2,0 auf Sh0.312 0.2362 a1 |M|
2 |Wood-Fibre Board 0.0289 2.3622 %1
3 Mineral Wool (heat cong 0.0231 54488 |_3 |
4 |Oriented Strand Board (00751 B 0. 7os A1
] Mineral \Wool (heat cong 0.0231 3149 M
[ Gypsumboard, interior |0.1156 11811
Subdivision [in] (Layer 3) Exchange materals (choose
Vertica Horizonta Add Flj] Delete
1 Mew 1 Mew 3 Spruce, longitudinal
Delete 216535 & Delete
Filling with materials
[&] Tas97] 216535

15.74803

e L QT; é‘,* Scope |Selected layer (XY,Z)

Status: OK

Center for Sustainable Building Research

Repetitive TBs — entry

in WUFI Passive
(static side only)
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Section 1 — Background + Basics

Circled areas are common
linear thermal bridges.

" roof/wall

intersection e The wall/foundation
intersection is a combination
linear TB (structural/geometric)

i i IR R\
e Tq:_“ ) \
b HITH LR WA

rim joist =l

* The roof/wall intersection is
also a combination
(structural/geometric)

! A ) =
e X - ey [ o v e o B e e o |
=S ESEESRIS £ - E ol

* The rimjoistis purely a
structural linear TB

‘ W'éll/foundation
intersection

Image from David White, g
Right Environments, 2010

PO
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Section 1 — Background + Basics

Thermal bridges —
do they matter?

* Thermal bridges make up
a small portion of heat loss
in a poorly insulated
envelope - 16% in a typical
insulated 2x6 wall.

* |f same details from a
standard stud wall were
used to construct an R-45
wall, heat loss through
thermal bridges climbs past
35%.

Percentage of heat loss

Percentage of Heat Loss Through
Thermal Bridges

60%

,I

30% //

50% /
40%

20%

10%

0% : | : :
3.5" 5.5" 7.5" 11.5"

Insulation Thickness

18”

extrapolated from Christian, J.E. and J. Kosny. 1996
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Section 1 — Background + Basics

How is that possible?

1. As insulation levels increase,
less heat is transmitted, but
the remaining heat flow
through the uninsulated
portions of the envelope
makes up a greater percentage
of that remainder.

2. Heat begins to move laterally
in the assembly. Heat finds the
qguickest path out — generally
through the TB’s. They can
transport more than their “fair

14 A
share”. h CertiPHlers.
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Section 1 — Background + Basics

From Pembina Institute, Accelerating Market Transformation for High

Performance Building Enclosures, 2016:

“Thermal bridging is underestimated... Morrison
Hershfield has calculated that shelf angles, parapets,
window perimeters, etc, can result in the
underestimation of 20% to 70% of the total heat flow
through walls.”

Morrison Hershfield, Building Envelope Thermal Bridging
Guide (2014)

Transformation for
High-Performance
Building Enclosures

State of market, policy developments,
and lessons learned from the Passive
House movement

0
Ly

September 2016

| ot el B —
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Section 1 — Background + Basics

Effect of window conductance on whole wall R-Value

Impact of window U-value on effective thermal resistance of complete wall assemblies
(based on 18% glazing ratio compared to total wall area)

R-16
R-15
R-14
R-13
R-12
R-11
R-10
R-9
R-8
R-7
R-6
R-5

R-4
R-3
R-2 A
R-1 4

OverallWall Effective R-value
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graph from Building Science Corp
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Energy Star Vinyl double
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glazed clear

0.7

0.8 0.9
Single glazed
wood
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Section 1 — Background + Basics

Heat loss through a linear thermal bridge is measured with a W
value

A W value is like a U-value for thermal bridges
U x A x dT = heat loss from a surface, of area A
W x L x dT = heat loss from a linear thermal bridge, of length L

W values </= 0.01 W/mK qualify as “thermal bridge free”
according to Passive House (0.0057 Btu/hr ft F)

To calculate W values, a 2-D heat flow simulation model (such as
THERM or Flixo) is used.

PO
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Section 1 — Background + Basics

Image from David White,
Right Environments, 2010

As used in the PHPP and WUFI Passive, the thermal bridge heat loss is
conceptually the difference between the “true” heat loss, calculated using 2-
dimensional simulation (THERM or Flixo), and the heat loss calculated using
the typical U'A method (U x A x deltaT = heat loss (or gain))

PO
CertiPHlers.,
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Section 1 — Background + Basics

Image from David White,
Right Environmen ts, 2010
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Section 1 — Background + Basics

Image from David White,
Right Environmen ts, 2010

“2D heat loss” — U, L, — U,L,

12d — UL, — U,L,
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Section 1 — Background + Basics

Image from David White,
Right Environmen ts, 2010

I
€

“2D heat loss” — U, L, — U,L,
L2d - U,L, — U,L,

I
€

¢/AT — U L, — UL,

W  (asin Flixo)
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Section 1 — Background + Basics

Image from David White,
Right Environments, 2010

As used in the PHPP and WUFI Passive, the psi value is always based on a
comparison of heat flows - a comparison between the actual heat flow and
the estimated heat flow. In this sense, psi is a correction factor.

PO
CertiPHlers.,
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Section 1 — Background + Basics

Details coming up...
1. Wall corners
Rim joists
Footings
Parapets
Windows

e W

| i, .-: 8 . ua
LY D |- CertiPHlers.
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Section 1 — Background + Basics
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Section 1 — Background + Basics
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Section 2 — Common Linear Thermal Bridges

= et 9 06 15

2x6 wall, no studs: W =-0.058 W/mK 2x6 wall, 2-stud: W =-0.040 W/mK

(-0.034 Btu/hr ft F) (-0.023 Btu/hr ft F)
* By subtraction, negative psi values correct for overestimate of heat loss at exterior corners.

* The lower (more negative), the better. Higher psi values indicate increasing heat loss.
* Positive psi values above 0.01 W/mK indicate net heat transfer (heat gain in summer, heat loss in

winter)that should be accounted for in PHPP. o
CSBR [,
:;an: u :n: allli ing Research (:eLlleersm

COOPERATIVE

Step 1 — Avoid bridging elements.



Section 2 — Common Linear Thermal Bridges

-5

0
6

15

5 086 15 -9 0369 15

2x6 wall: W = - 0.040 W/mK 2x8 wall: W = ?
(-0.023 Btu/hr ft F)

What will happen to the psi value for the 2x8 wall?

r

O 25N
"S‘ = certiPHIers.
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Section 2 — Common Linear Thermal Bridges

-5

0
6

15

5 086 15 -9 0369 15

2x6 wall: W = - 0.040 W/mK 2x8 wall: W = - 0.045 W/mK
(-0.023 Btu/hr ft F) (-0.026 Btu/hr ft F)

Is the 2x8 wall corner a “better” detail?

r

O 25N
"S‘ = certiPHIers.

nter for Sustainable Building Research R

OOOOOOOOOOO
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Section 2 — Common Linear Thermal Bridges

-5

0
6

15

5 086 15 -9 0369 15

2x6 wall: W = - 0.040 W/mK 2x8 wall: W = - 0.045 W/mK
(-0.023 Btu/hr ft F) (-0.026 Btu/hr ft F)

No.

A thicker wall section needs a larger correction factor due to larger overestimate of heat loss.

29




Section 2 — Common Linear Thermal Bridges

Is the psi value really an indicator of a detail’s thermal quality?

PO
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Section 2 — Common Linear Thermal Bridges

Is the psi value really an indicator of a detail’s thermal quality?
Not really.

At geometric bridges, it does two things at once — it is both a correction factor and
an indicator of heat flow — but primarily a correction factor.

EEEEEEEEEEE

Center for Sustainable Building Researc h
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Section 2 — Common Linear Thermal Bridges

‘Exterior corner:
Insulated 2x6 wall w solid post: W =-0.004 W/mK
(-0.002 Btu/hr ft F)

Is the psi value really an indicator of a detail’s thermal quality?
Not really.

At geometric bridges, it does two things at once — it is both a correction factor and
an indicator of heat flow — but primarily a correction chtor
- |- CethHIers

bIBIdg ooooooooooo
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Section 2 — Common Linear Thermal Bridges

rim joist, fib. batt (R-11) : W = 0.089 W/mK rim joist, rim board (R-11): W =0.129 W/mK
(0.051 Btu/hr ft F) (0.075 Btu/hr ft F)
* Rim joist thermal bridge - challenging to achieve the W = 0.01 W/mK target.
* Maintaining continuity and alignment of insulation layers is a good first step.

STEP 2 — Align insulation layers

Center for Sustainable Building Research @~ ———— COOPERATIVE
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Section 2 — Common Linear Thermal Bridges

rim joist, fib. batt (R-11) : W = 0.089 W/mK rim joist, 2x4 wall w 1” exterior XPS (R-13):
(0.051 Btu/hr ft F) W = 0.047 W/mK
(0.027 Btu/hr ft F)

* Exterior insulation helps control heat flow through uninsulated studs and plates.

STEP 3 — Use continuous exterior insulation to isolate bridging elements

Center for Sustainable Building Research @~ ———— COOPERATIVE




Section 2 — Common Linear Thermal Bridges

rim joist, 2x4 wall w 1” exterior XPS (R-13): rim joist, 2x4 wall w 4” exterior XPS:
W =0.047 W/mK W =0.011 W/mK
(0.027 Btu/hr ft F) (0.006 Btu/hr ft F)

Use enough exterior insulation, and the psi value can be driven down below 0.01 W/mK
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Section 2 — Common Linear Thermal Bridges

rim joist, 2x4 wall w 4” exterior XPS: rim joist, 2x6 wall w 4” exterior XPS:
W =0.011 W/mK W=7
(0.006 Btu/hr ft F)

What’s going to happen to the psi value? Will it go up (get worse) or go down (get better)?

Center for Sustainable Building Research @~ ———— COOPERATIVE




Section 2 — Common Linear Thermal Bridges

rim joist, 2x4 wall w 4” exterior XPS: rim joist, 2x6 wall w 4” exterior XPS:
W =0.011 W/mK W =0.020 W/mK
(0.006 Btu/hr ft F) (0.012 Btu/hr ft F)

Psi value is 2x higher with detail on the right. Why?
For the 2x6 wall, there’s now simply a larger difference between the higher R-value wall
assembly and the rim joist R-value, which has remained the same.

Center for Sustainable Building Research @~ ———— COOPERATIVE




Section 2 — Common Linear Thermal Bridges

rim joist, 2x4 wall w 4” exterior XPS: rim joist, 2x6 wall w 4” exterior XPS:
W =0.011 W/mK W =0.020 W/mK
(0.006 Btu/hr ft F) (0.012 Btu/hr ft F)
Heat flux = 11.4 W/m Heat flux = 9.9 W/m

Overall, heat flow goes down with detail on right, despite higher Psi value.
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Section 2 — Common Linear Thermal Bridges

Is the psi value really an indicator of a detail’s thermal quality?
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Section 2 — Common Linear Thermal Bridges

Is the psi value really an indicator of a detail’s thermal quality?
Not really.

At structural thermal bridges, a psi value is a comparison between the U-value of
the assembly(ies) and the U-value of the junction. A junction detail that “passes”
(0.01 W/mK) for one assembly may not pass with another.

PO
CertiPHlers.,
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Section 2 — Common Linear Thermal Bridges

= et 9 06 15

2x6 wall, no studs: W =-0.058 W/mK 2x6 wall, 2-stud: W =-0.040 W/mK
(-0.034 Btu/hr ft F) (-0.023 Btu/hr ft F)
When is a performance comparison valid?
When the two models being compared have the same assemblies (or at least the same U-values)
and the same geometry (that is, the relative position of the assemblies). The onIy difference is at

the junction. Example above.
g
"‘-4 Jn- CethHIers
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Section 2 — Common Linear Thermal Bridges

= et 9 06 15

2x6 wall, no studs: W =-0.058 W/mK 2x6 wall, 2-stud: W =-0.040 W/mK
(-0.034 Btu/hr ft F) (-0.023 Btu/hr ft F)

When is a performance comparison valid?

In this example, the heat flow through the corner on the right really is 0.018 W/mK greater

than the heat flow through the corner on the left.

42




Section 2 — Common Linear Thermal Bridges

FPSF (well insulated): W =0.013 W/mK
(0.008 Btu/hr ft F)

Thick layers of continuous insulation can improve the performance of the detail, but even
a very well insulated FPSF is still close to the 0.01 W/mK limit.

STEP 4 - Avoid accidental radiation fins - even well-insulated ones

. G B, TR
S P P}

AN Cerﬂ-"ersm
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Section 2 — Common Linear Thermal Bridges

Thermally broken stem wall: W = 0.018 W/mK FPSF (well insulated): W =0.013 W/mK
(0.010 Btu/hr ft F) (0.008 Btu/hr ft F)
Heat flux = 23.4 W/mK Heat flux = 23.2 W/mK

Cutting the radiation fin off is sometimes more effective than insulating it.

STEP 4 - Avoid accidental radiation fins - even well-insulated ones

H‘- I- CethHIers
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Section 2 — Common Linear Thermal Bridges

ICF parapet: W =0.200 W/mK
(0.116 Btu/hr ft F)

Another good location to cut off the radiation fin.

Foamglas thermal break: W =-0.071 W/mK
(-0.041 Btu/hr ft F)

45




Section 2 — Common Linear Thermal Bridges

Window positioned outside of Window positioned on edge of
thermal envelope, W =0.10 W/mK thermal envelope, W = 0.04 W/mK
(0.058 Btu/hr ft F) (0.023 Btu/hr ft F)
Effectively, R-value of window R-value of window reduced by 5 -
reduced by 20 - 30% depending on 10% depending on window size

window size

Center for Sustainable Building Research @~ ———— COOPERATIVE




Section 2 — Common Linear Thermal Bridges

Window centered in plane of
insulation, W = 0.02 to 0.03 W/mK

(0.012 to 0.017 Btu/hr ft F)
R-value of window is almost
preserved

PO
CertiPHlers.
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Section 3 — Using psi values in PHPP/WUFI Passive

How do | know which thermal bridges need to be entered in
PHPP/WUFI Passive?

PO
CertiPHlers.,
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Image source:
http://www.theblaze.com/blog/2013/01/24/finally-the-answer-
sort-of-for-what-came-first-the-chicken-or-the-egg/

Section 3 — Using psi values in PHPP/WUFI Passive

How do | know which thermal bridges need to be entered in
PHPP/WUFI Passive?

PHI requires 1 of 2 paths:
1) Enter psi-values for all thermal bridges, both + and -
2) Enter only thermal bridges with psi values over 0.01 W/mK

Path 2 begs the question — how do | know which TBs will be over 0.01
W/mK, before I've modeled them?

PO
CertiPHlers.,

49

er for Sustainable Building Research @  ————————— COOPERATIVE




Section 3 — Using psi values in PHPP/WUFI Passive

Eaves:

Most details will
have negative psi
value

Rim joist:

Almost always
positive psi value -
MODEL

Wall to slab/footing:
Only well-designed
details will have
negative psi value -
MODEL

Cross section
Querschnitt

Roof ridge:

Most details will
have negative psi
value

Footing below

bearing wall or post:

Only well-designed
details will have psi
value < 0.01 W/mK-
MODEL

50




Section 3 — Using psi values in PHPP/WUFI Passive

Rake: Window head:
Most details will | If overinsulated,

have negative psi probably no need to

value model. If not —
MODEL

Window/door sill on

slab: MODEL, BUT...

Can be entered as a Window sill:

window sill TB +
wall-to-slab TB
(requires two
separate psi values)

Almost always
positive psi value
since overinsulation
is difficult —

Longitudinal section MODEL

Langsschnitt

PO
CertiPHlers.,
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Section 3 — Using psi values in PHPP/WUFI Passive

Exterior corner:
Most details will
have negative psi
value

Window jamb:

If overinsulated,
probably no need to
model. If not —
MODEL (Many
times, PHI allows

Interior corner:
Almost always
positive psi value —
MODEL

the head detail to

be used for the
jamb too.)

Floorplan
Grundriss

Wall junction:

If insulation layers
are interrupted -
MODEL

Center for Sustainable Building Research @~ ———— COOPERATIVE




Section 3 — Using psi values in PHPP/WUFI Passive

Other places to keep in mind for possible thermal bridges
* Plumbing stacks

* Rain pipes (interior)

 ERV vent penetrations (to the exterior)

* Sump pumps

 Radon remediation pipes (if interior to the building)

These need to be properly detailed and insulated. They need to be taken into account in
the PHPP, but not usually modeled in THERM or FLIXO.

PO
CertiPHlers.,
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Section 3 — Using psi values in PHPP/WUFI Passive

Found on the bottom of the Areas sheet in PHPP

Auxiliary calculation ri h
Nominal width: T MM
Insul. thickness: .38 mm
Thermal conductivity ....0.038  W/(mK)
Interior pipe diameter: 0.075 m
Exterior pipe diameter: 0.151 m
a-Surface 6.80 W/(m2K)
V-value 0.254
Reduction factor 0.70
Y—value 0.178 W/(mK)
To enter as group 15 thermal bridge W
PO
CertiPHlers.
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Section 3 — Using psi values in PHPP/WUFI Passive

Haat recovery Humidity Specific Application Frost
Go 1o ventiation wts kst afficiency recovary afficiency power input
1-Soring: LIKE LIST Linit e afficiency [V¥ichim) |cfim]
| 3
Vantiation unit salection 01ud-Comfoair 550 w/ enthalpy 0.84 0.65 0.57 29 - 324 X
Implamentation of frost protection 2-Elec.
Conductivity outdoor air duct ¥ ETWhr.i."F 0.201 Limit temparatura ﬂrj 28
Langth of outdoor air duct ft 16.00 Isaful enargy [KRETUyr] 663
Conductivity exhaust air duct ¥ ETWhr.i."F 0.201
Length of exhaust air duct ft 21.00 Room temperature (°F) GB
Temperature of mechanical servicas room F GB Avg. ambient temp. heat. perod (°F) 41
(Enter anly if the central unit is outside of the tharmal envelope) Avg. ground temp {"F) 54
Effactive heat recovary efficiency e ot ?9?%
Effective heat recovery efficiency subsoil heat exchanger e
SHX efficiency N*gepy i
Heat racovary effidency SHX QL= 0% e
Secondary calculation Secondary calculation
‘-value supply or ouldoor air duct ‘V-value extract or exhaust air duct
Mominal width: 600 in Nominal width:
Insulation thick 2.00 in Insulation thicknass]
Reflective coating? X Yas Reflective coating? X j yas
Ncl ............................................... na
Tharmal resistance 4.00 R parinch Thamal rasistanc.ai
MNominal air flow rata 128 cfm Maminal air flow rata
Al 27 °F A 2T °F
Exteror duct diameter 6.00 in Extanor duct diametar G.00 in
Exteror diamater 10.00 in Exteror diametar 10,00 in
R-Intariar 0.3 heft’ "FIBTU R-Intariar 0.3 hrit’ "FIBTU
R-Surface 2.13 heftt FIBTU R-Surface 2.13 heit’ "F/IBTU
F-valua 0.201 BTWhr.ft."F F-valua 0.201 BTWhr.f."F
Surface temperature difference 4.43 °F Surface temperature difference 4.43 °F

PO
CertiPHlers.,

Center for Sustainable Building Research COOPERATIVE




Section 3 — Using psi values in PHPP/WUFI Passive

When do | need to model a thermal bridge?

1. If a thermal bridges is unavoidable, then the thermal bridge coefficient must be
“verified” by the Certifier.

2. Catalogue values for comparable constructions is acceptable “verification”.
3. The thermal bridge coefficient may be estimated, but only if 1) the Certifier
allows this and 2) the Certifier verifies the coefficient is appropriately and

conservatively estimated based on either a catalog value or a calculation.

4. Otherwise, a thermal bridge calculation is necessary.

PO
CertiPHlers.,
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Section 3 — Using psi values in PHPP/WUFI Passive

When do | need to consider thermal bridges?

EARLY and OFTEN:
1) Thermal bridge modeling is part of the design process

2) Save time and money by reducing the number of positive thermal bridges

3) Design buildings well below the 15 kWh/(m?a) [4.75 kBTU/ft?/yr] so negative
thermal bridges do not need to be modeled and catalog/conservative values

for positive thermal bridges can be used (11 -13 kWh/(m?a)) [3.49 — 4.12
kBTU/ ft? /yr]

4) Make sure to design your building with allowances for typical thermal
bridges

PO
CertiPHlers.,
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Section 3 — Using psi values in PHPP/WUFI Passive

Thermal bridge inputs
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Section 3 — Using psi values in PHPP/WUFI Passive

[ (4 WUFI®Passive V.3.0.3.0 | B ) |
& s - ol . & . - _ . s s
File Input Options Database Help
Jd=H Scope | Passive house verification = || English/IP/Outer dimensions | Assign data =
E:' Project Linear thermal bridges
-5 Case 1 i
3 Localization/Climate: User defined thg':h:gl Length
= 9 Building . o Mr Name TR TR i Attachment
= @ PH case: Passive house: Residential [Btu/hr ft °F]
= fﬁ Zone 1 .
it Visualized components | [ﬁnbmnt '] ] New
B Mot visualized compenents i l Specifies the ambient climate, e.g. outdoor termperature,
#::- Intemal Loads/Cccupancy E::renr?:r:t foor Y
'@ Wentilation/Rooms $a Copy
JI':' Thermal bridges [ Insert
----- {h Mtached zones S
----- = Remaining elements
A9} Systems |after -

G Data state/results

Case 1/ Climate :

Mot valid data: Latitude.
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THERM vs Flixo

Pros of Flixo

* Validated and regularly updated to
match ISO standards and protocols

* Easy-to-use drawing tools greatly
speed workflow

e Report pages with pre-formatted
elements simplify viewing and
sending results

* Specialized tools such as the air
cavity tool simplify complex
window analysis protocols

* Heat flux and psi value calculations
performed in the software

Cons of Flixo

e Cost-5344 for 1 yr license to Flixo
Energy Plus (with dxf import)

e 0Odd functionality split between
various versions

Pros of THERM

* Free
* Large user group and familiarity

Cons of THERM

 Drawing tools difficult to use

 Complex drawings (ex - window
frames) prone to crash during
simulation

* Psivalue calcs require calculations
outside the program (in excel
workbook, for example)

* No built-in reporting capability

e dxfimports can be problematic
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Special thanks to...

o Zola European Windows

o InfoMind, makers of Flixo

software | M f: O
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The Why of Psi

Workshop Presenters:

for CertiPHlers Cooperative...

o Chris Petit, CPHD,
PHI-accredited Certifier Regenerative
Design, LLC
chris@regenerativedesign.com

o Rolf Jacobson, LEED AP, CPHC
Research Fellow, Center for

Sustainable Building Research, U of M
jaco0630@umn.edu
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