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SUMMARY

This research aims to integrate the Passive House
Planning Package (PHPP), a sophisticated tool
used for Passive House certification into Perkins &
Will's framework of Design Space Construction
(DSC). This harnesses the benefits of both
approaches, the deep energy efficiency measures
embedded in the Passive House methodology and
the power of the optimization processes within the
computational design framework with the new
analysis engine, whilst also streamlining the
process by keeping the workflow with our typical
Revit/Rhino environment.
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RELEVANCE

Our Commitment:

The building sector is responsible for 39% of process-related
greenhouse gas emissions globally, making net- or nearly-zero
energy buildings pivotal for reaching climate neutrality.

Perkins&Will is committed to reducing its carbon footprint, both
through the company’s operations! and the buildings and
developments we design and build?.
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RELEVANCE

Our Projects:

The Vancouver studio has a number of Passive
House projects underway. These projects all
require energy modelling via the Passive
House Planning Package (PHPP) as part of
their pathway to certification.
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PASSIVE HOUSE PLANNING PACKAGE

The Passive House Planning Package (PHPP) is a design,
verification and certification tool developed by the Passive
House Institute. It is a is a series of interlinked worksheets in
Excel built up to create a complete building model to
determine the energy performance of both the whole building
and its individual elements.

Careful yet tedious data input is necessary to ensure accurate
results. As a static energy model, it is an excel spreadsheet
requiring manual input. It makes PHPP modeling a
cumbersome process in real design practice, especially for
larger buildings. But being excel based there is opportunity for
optimization.
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RELEVANCE

Our Process:

In our active PH projects, there are two alternative processes

A. In House via direct input to PHPP or through a SketchUp plugin
called designPH. This happens outside the Revit/Rhino
environment therefore does not offer spontaneous integration
of design and performance decision making.

example: Solo, Bellevue

B. Outsourcing PHPP modeling to an External consultant. This
entails not only additional consulting fee but a substantial
coordination/translation effort between the Revit design (architect)
and PHPP model (energy modeler/consultant

example: University of Victoria Student Housing
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RELEVANCE

Our Projects:

As projects grow in size and complexity the need arises for
a flexible framework to:

- Facilitate Information transfer from Revit/Rhino to PHPP

- Allow optimization of design parameters
7

Solo 2204 Bellevue Canada’s Earth Tower
2 storey Single Family Home 8 storey Multifamily 30-35 storey Mixed-used Development
Completed Development Permit

Schematic Design
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RELEVANCE

Our Research Framework:

Perkins&Will research team has developed a
framework to assist design teams known as
Design Space Construction. This leverages the
power of computational design to allow
designers to review and weigh up the impact of
interlocking design  parameters on (often
competing) performance metrics e.g. energy,
daylighting, cost, views etc.
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RESEARCH GOAL

This research aims to fully integrate PHPP as a
calculation engine in a computational design
framework. The aim is to generate rapid
feedback, validate design decisions, highlight
problem areas, identify most significant design
parameters, and undertake sensitivity analysis
throughout the design process.

We use SolLo as a Case Study
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RESEARCH GOAL
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PASSIVE HOUSE CERTIFICATION

Solo is an off-grid mass timber house in a remote
area of British Columbia’s Coast Mountains. It earned
Passive House certification, becoming the first Passive
House certified building designed by Perkins&Will°.

The Certified Passive House Designer scope and
associated PHPP energy modelling was kept in-house
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PASSIVE HOUSE CERTIFICATION

The project fell short of achieving the 15kWh/m?a
Space Heating Demand target for full Passive
House Certification, instead achieving PHI Low
Energy Building certification (heating demand less
than 30kWh/m?a ), still exceeding the highest
level of the BC Energy Step Code.

Whilst the project were deemed a success
questions remained on if it was possible to
achieve the full certification performance levels.
Had the lower space heating demand been met,
Passive House Plus certification could have been
achieved due to the amount of PV generation.
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PASSIVE HOUSE CERTIFICATION

A harsh climate (-30deg C in winter), site
constraints (a mountain to the south blocking
winter solar gains) and design decisions (double
height space, north east glazing) made achieving
15kWh/m?a heating demand difficult.

DOUBLE HEIGHT SPACE (50m?) -
FORM FACTOR (4.3): ~3-4kWh/mZa
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GLAZING (NE) - HEAT LOSS: ~2-3kWh/m?a

MOUNTAIN - SOLAR GAINS: ~5-8kWh/mZa
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PUSHING FOR CERTIFICATON (INTUITIVE)

The design team reviewed options intuitively to achieve the
lower space heating demand number

= Fillin double height space

= Reduce/remove northeast glazing

= ‘wind protection coefficient’ (‘'e’) - more sheltered

= |mproved Glazing Specs (vacuum / g-values vs U-value)
= |ower Airtightness targets (0.3)

=  Better window install detailing

= Aerogel wrap at pipework

= Allow for Intermittent occupancy - thermal shutter

This led to a number of questions that could be tested in @
parametric design framework.
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QUESTION ONE

How big of @
double height
space con we
nave’? \

<
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QUESTION TWO

How much north-
east glozing without
impacting
oerfornmance, views
and daylighting”
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QUESTION THREE

Whatis the optimum
amount of south
facing glazing”
Juggling heat loss,
solar gain, PV sizing
etC.
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COLLABRATION JOURNEY
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LBT2PH TOOLKIT

The LBT2PH 4 toolkit is a collection of Rhino and Grasshopper items which
allow user to control the Passive House Planning Package (PHPP) energy
model from within Rhino.

The toolkit fulfils our research objectives and requirements with the following

limitations:

- Itis not designed as an optimization tool

- Its application is dedicated for PHPP compliance at later design stage
when most design variables have to be fixed

- ltis an energy only calculation tool

Integrating PHPP engine into the framework of Design Space Construction
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BEYOND LBT2PH

Although LBT2PH is core of the calculation engine,
our research development does not simply stay
within LBT2PH's original application scope. Instead,
we integrate LBT2PH with other tools, convert it as
fully parametric script in grasshopper and make
early multi-task optimization possible.
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DEGREES OF GRANULARITY

2D to 3D

3D + local shades

3D + local shades + context
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WORKFLOW

LBT modeling

PHPP modeling
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LBT to PH

Parametric modeling
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CALIBRATION

Specific building characteristics with reference to the treated floor area

Treated floor area m?
Heating demand kWh/{m?a)
Heating load W/im?®

Space heating

Space cooling Coaoling & dehum. demand kK\Wh/{m?a)
Cooling load W/m?
Frequency of overheating (= 25 °C) %

Frequency of excessively high humidity (> 12 g/kg) %

Airtightness Pressurization test result ngy 1/h

Non-renewable Primary Energy (PE) PE demand kKWh/{m®a)

PER demand kK\Wh/{m?a)

Generation of renewable
energy (in relation to pro- K\Wh/{m?a)
jected building footprint area)

Primary Energy
Renewable (PER)

225.0

24
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0.6

131

64

78

Specific building characteristics with reference to the treated floor area

PHPP compliance model

Treated floor area m?
Heating demand kVWWh/{m?®a)
Heating load W/m?®

Space heating

Space cooling Cooling & dehum. demand kKWW h/{m?a)
Cooling load W/im?®
Frequency of overheating (= 25 °C) %

Frequency of excessively high humidity (> 12 g/kg) %

Airtightness Pressurization test result ngy 1/h

Non-renewable Primary Energy (PE) PE demand kKMWWh/{m®a)

PER demand kV/h/{m?a)

Generation of renewable
energy (in relation to pro- K\Whi/{m?®a)
jected building footprint area)

Primary Energy
Renewable (PER)

225.0

25

17
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0.6

130

64

New engine model
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CALIBRATION

Design PH model

Integrating PHPP engine into the framework of Design Space Construction

New engine model
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CALIBRATION

PHPP

Integrating PHPP engine into the framework of Design Space Construction
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OPTIMIZATION VARIABLES

Although the new engine is fast in speed, it
is still important to reduce the size of total
iterations.  Originally, we thought 12
variables proposed to improve the design
were able be executed together but it
turns out to be a humongous size at 13|
billions, which  makes computational
calculation impossible.

Integrating PHPP engine into the framework of Design Space Construction

Variables Range Iterations
South WWR 20%/30%/40%/50%/60% 5
East WWR 25%/35%/45%/55% 4
Uframe 0%/5%/10%/15%/20% 5
Uglass 0%/5%/10%/15%/20% 5
gvalue | 15%-/10%-/5%-/0%/5%/10%/15% 7
U wall 0%/5%/10%/15%/20% 5
U roof 0%/5%/10%/15%/20% 5
U exposed 0%/5%/10%/15%/20% 5
U slab 0%/5%/10%/15%/20% 5
Airtightness 0.6/0.5/0.4/0.3 4
Thermal bridging 0%/5%/10%/15%/20% 5
TFA 225/250/275 3

— -

~ -
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OPTIMIZATION VARIABLES

Multi — step optimization:

- It starts from building envelope assembly

related variables first. Sensitivity study
decides which variables would be
retained to the next cycle;

More building system related variables
are added in the 2"9 optimization;

Eventually building geometry related
variables, such as window to wall ratio
change, are added to complete the final
optimization.

G
e

Variables Range Iterations
U curtainglass 0%/10%/20% 2
g curtainvalue "-15%/0%/15%" 3
U win 0%/10%/20% 2
gwin "-15%/0%/15%" 3
U wall 0%/10%/20% 3
U roof 0%/10%/20% 3
U exposed 0%/10%/20% 3
Total = 972
Variables Range Iterations
U curtainglass 0%/10%/20% 2
gwin "-15%/0%/15%" 3
U roof 0%/10%/20% 3
Airtightness 0.6/0.3 2
Thermal bridging 0%/10%/20% 3
TFA 225/275 2
Total = 216
Variables Range Iterations
South WWR 20%/40%/60% 3
East WWR 25%/40%/55% 3
U curtainglass 0%/10%/20% 2
gwin "-15%/0%/15%" 3
U roof 0%/10%/20% 3
Airtightness 0.6/0.3 2
TFA 225/275 2
Total = 648

Integrating PHPP engine into the framework of Design Space Construction
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OPTIMIZATION ONE

Integrating PHPP engine into the framework of Design Space Construction

Baseline
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OPTIMIZATION ONE
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Sensitivity
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OPTIMIZATION TWO
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Baseline
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OPTIMIZATION TWO
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Sensitivity
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OPTIMIZATION THREE

Integrating PHPP engine into the framework of Design Space Construction

Baseline
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OPTIMIZATION THREE

O O

¥

Yes! we could get Solo Passive House certified, if...

Integrating PHPP engine into the framework of Design Space Construction
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QUESTION ONE

L}
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QUESTION ONE

Integrating PHPP engine into the framework of Design Space Construction
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QUESTION TWO & THREE
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BEYOND ENERGY & DAYLIGHTING

Integrating PHPP engine into the framework of Design Space Construction

Energy & Daylighting
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IN PARALLEL PLATFORM
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CONCLUSION

Integrating PHPP engine into the framework of Design Space Construction
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CHALLENGES

DesignPH

Integrating PHPP engine into the framework of Design Space Construction

LBT

LBT2PH
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