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Introduction and Abstract Previous Research

* Recent growth in the use of BIM principles The Author has previously written on similar topics
and Passive House design. achieving time savings of 99.98%. This process

 No method to transfer pertinant data from differed to those outlined in this paper for a

a BIM to the Passive House verification number of reasons:

software, PHPP.

. . e Rather than utilising graphical programming,
 This paper outlines a methodology to & 8Tap o =

the author wrote add-ons in C# and VBA.

holistically merge the Passive House * Did not establish a “live-link” as outlined in this
verification process with BIM processes and paper.

workflows during the design phase through * Used a .txt file as an intermediary file to

the use of custom scripts created through facilitate the data transfer.

graphical programming. * Process was cumbersome.

* This workflow results in time savings of
99.993% in the documented case study.
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An investigation into the combined use of Graphical Programming and Building Information

Modelling to automate the Passive House Verification Process through the use of practical case

studies.

Passive House

“a building, for which thermal comfort can be
achieved solely by post-heating or post-cooling
of the fresh air mass which is required to
achieve sufficient indoor air quality conditions —
without the need for additional recirculation of
air” (Feist, 2013).
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PassivHaus Performance Requirements

Annual Heating < 15 kWh/m?
Annual Primary Energy < 120 kWh/m?
Airtightness <0.6 ACH @ 50 Pa
Verification

A Passive House should remain at a constant
20°C. This constant temperature is usually
achieved by virtue of highly efficient heating,
ventilation, air conditioning (HVAC) Systems and
heat exchangers paired with an “air tight” and
“super insulated” envelope.
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An investigation into the combined use of Graphical Programming and Building Information
Modelling to automate the Passive House Verification Process through the use of practical case

studies.

Verification and PHPP
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Research

“Research is lacking regarding the use of BIM
to support accreditation/certification to
schemes such as Passive House” (Cemesova,
2012)

“in order for BIM to support Passive House
certification, data transfer would have to be
more direct between BIM tools and the PHPP
analysis tool.” (Cemesova, 2012)

The methodology outlined in this paper and
presentation aim to create a direct link
between the BIM and the PHPP.
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Research Findings

Several parallels can be drawn between BIM and
the Passive House Design process:

1. Design and process are central; neither are a
box-ticking compliance exercise.

2. Information matters most. Colourful, graphical
images alone are of no benefit to the process.

3. Rigorous model analysis and testing are crucial,
the design is built virtually to get it right, then
built only once on site.
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Graphical Programming

* Replaces textual coding with graphical
components such as input fields,
buttons, sliders, etc.

* The user can miniplate program
elements graphically, rather than
textually.

* Allows users with limited programming
capability to create complex scripts.

* Notable examples include Scratch,
Grasshopper for Rhino and Bubble.
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An investigation into the combined use of Graphical Programming and Building Information
Modelling to automate the Passive House Verification Process through the use of practical case

studies.
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Methodology

A certified Passive House was identified and
chosen as a case study.

* The dwelling:

Was designed in 2011.

Is a 178m? three-bed, traditional style
Irish home.

Cost €190,393.00 to build.

Estimated heating costs of €190 per
annum.

Designed by Passive House Plans.
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Methodology

The building was modelled in the BIM
authoring software, Autodesk Revit with the
intention of analysing

“the combination of Passive House
verification paired with BIM and graphical
programming while exploring new areas
and issues where little guidance is
available”, McNamara (2017).
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Research Aims

This study aims to meet a number of practical,
research based objectives:

1. Create a standard Revit to PHPP template

file for further research and development.

2. Develop a “Live-link” between the BIM
and the PHPP with minimal interaction or
manual input.

3. Reduce the amount of time required to
populate the relevant data in the PHPP.
The original designer spent 21 hours
measuring elements in AutoCAD and
inputting the information into the PHPP.
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Methodology Stages

Stage 1:

Develop a number of Revit parameters to
facilitate the information requirements of the
PHPP.

Stage 2:

Transfer pertinent information from Revit to
the appropriate places in the PHPP using the
graphical programming tool, Dynamo.
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An investigation into the combined use of Graphical Programming and Building Information
Modelling to automate the Passive House Verification Process through the use of practical case

studies.

Residential Buildings
Only surface areas of rooms within the thermal envelope are included in the TFA.

Ca Se Study -— Treated Floor Area The surface area may be ascertained from the unfinished dimensions of the building.

The following can be taken into account for the surface area:

 PHPP uses treated floor area (TFA),
rather than the standard room area.

y account with

-Living ar stairs with

e TFA is a measurement of utilisation of e c e R iy
a room’s area. oo Xam%emz oom
* Each room area is weighted as a ‘aecoss s TEA: 100%

floor to

percentage (0%, 60% or 100%)
depending on the use of the room. mo
e The TFA of each room can be modified —— ... ..
Clear height 1 to 2m - The TFA is reduces by 50%

welope
frO m t h e rOO m ta g . (e.g. auxiliary room (h = 1.9m) outside of the dwelling: half of 60%, that is 30%, is taken into account for the TFA)

Clear height less than 1m - not taken into account.
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An investigation into the combined use of Graphical Programming and Building Information
Modelling to automate the Passive House Verification Process through the use of practical case

studies.

Case Study — Treated Floor Area — Data Flow

Multiply the room area by the TFA percentage
and remove any null values

Area input
Grou Quan a b il
Area Nr.| Building element description Nr P Assigned to group tity x| [m] X [m] + | Deter-
: mined [m?]

|

Treated Floor Area 1 Treated Floor Area 1 [ x( X { B8.22
L4dDL — —
@' 8.22800000000002 List
@ 8.22800000000002
L2 gLl {1}
gL2 BL1 {1}
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This process is repeated numerous y '”Sta'l'jg‘:} ?]Eta”s y ‘V’J":‘I'Xes
: : . ight . all Areas
times for various parameter values + 1/0 Bottom T e e
including: « 1/0Top * Door Sizes
 1/0 Left * Frame U-Values
Windows * W installation left e Glazing G-Values
. Quantity * W installation right * Glazing U,-Values
* W installation bottom e Summer shading

* Description

 Deviation from north * Winstallation top reduction factors
* Angle of inclination from the horizontal * hHor! . Tempo_rary sun protection
e Orientation * dHori reduction factor
* Width * OReveal
* Installed Surface Number * dReveal
* Installed Glazing Number * oOver
 Installed Frame Number * dOver
* rOther
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An investigation into the combined use of Graphical Programming and Building Information

Modelling to automate the Passive House Verification Process through the use of practical case
studies.

Time taken to transfer data from the

Results
BIM to the PHPP
: : Experiment 1 9 d
« All scripts were run simultaneously and E"perfme" 5 gseconds
the overall time taken was recorded. GG seconds
Experiment 3 10 seconds

* This was repeated three times on a

rierend woristation Results

Average time taken 9 seconds
Time taken using 21 hours
traditional methods
Time saving 99.993%
BIM Gathering 2017, Croke Park, November 23rd & 24th, 2017 Building Capabilities
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Conclusion Limitations
* Alleviates the manual input of the majority * The paper does not investigate the need
of building data. for additional training / hardware.
* Each of the research objectives have been * Building scope
achieved. * Requires a “culture change”.
1. Create a standard Revit to PHPP
template.
2. Develop a “Live-link” between the Future Research
BIM and the PHPP with minimal
interaction or manual input. * This paper has produced promising results
3. Reduce the amount of time required that, with future research could become
to populate the relevant data in the an integral part of the Passive House
PHPP. design process.
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An investigation into the combined use of Graphical Programming and Building Information
Modelling to automate the Passive House Verification Process through the use of practical case

studies.
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Coffey Group
Galway-Mayo Institute of Technology
Cathal Spellman — Passive House Plans
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