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Main driver for change: sustainability

Copenhagen’s ambition: carbon neutral city by 2025
    - Need to reduce the CO2 deficit (70 000 tons)
    - CLT could contribute up to 22%

Cross Laminated Timber

WOOD IS BETTER THAN STEEL!

OOPEAA
TORNEDALEN



Example 4 OOPEAA by CHRISTINE COLIN

Master student Christine Colin 
from DTU questioning if wooden 
structures is really the sustainble 
choice
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OOPEAA
SEVERAL PROJECTS 

STATE OF ART, CLOSED SOURCE AND OPEN SOURCE
Other times we need to develop our own tools as the options we had was limited (Life Cycle Assesement, potential for natural ventilation, fire analyses based on codes, evaluation of 
comfort in third spaces and more). After a few iterations of tool developments we began to see that the different studios had vastly different ways to approach the tools. OOPEAA was 
taking all tools that they could manage to fit in to their design process as they aimed for higher information levels on all aspects of sustainable thinking. The inclusion of tools can be 
seen as a completely new way of working with building design. Helen and Hard and WHITE was already familiar with the parametric framework of Grasshopper and saw the tools pro-
vided by the universities as a natural extension of an existing design process. WHITE had very clear ambitions to integrate LCA as design element in their projects and asked for specific 
material inputs and special features for the tools. Helen and Hard had a more direct approach. They asked for tools that could answer very specific questions such as “is it possible to clad 
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Some tools can be reused or repurposed to in-
form multiple projects. Here is show the various 
domains of anlyses that have been cinducted 
on thee of OOPEAAs projects.



Master student Simon Clavelin creating 
structureal analysys tool for evaluation and 
design of wooden CLT structures 

6.3 Design feedback 57

Figure 6.3.1: Horizontal Sway component output for the initial design

Aware that such a design is not really conceivable without additional stabilising system, it was then
decided to add internal shear walls in both direction, partly appearing on Figure 6.3.2:

Figure 6.3.2: First structural modification: addition of internal walls

This modification, while greatly reducing the sway, was not enough to satisfy the criteria. A last
implementation is needed: this could be increasing the internal walls thickness, which is the least
harmful for the building aesthetics. In some cases, this might not be possible: for example, the net
area of the building could have been agreed with a customer, or by regulations, making this scenario
impossible. To suggest a broader range of action from the designer, it has been chosen to increase
the façade stiffness along wind (sides). In other terms, the opening area was greatly reduced. In
the method’s workflow, this is just a matter of switching the wall types that are attributed to the
corresponding Frames.

6.3 Design feedback 59

Figure 6.3.4: Considered walls for the examples

Design of a solid shear wall

Such elements display a high in-plane stiffness, and for good reason: together, they are the main
stabilising element for horizontal actions. This also means that they will ”attract” most of the
horizontal loading, be subjected to high in-plane forces and prone to shear failure.
Given its location and the wind direction, the shear wall used as an example is furthermore solicited
in tension, due to a global overturning moment on the building. A first look at the wall support
reactions and the textual outputs of the Wall Design component confirms this tendency:

Figure 6.3.5: Support reactions and global loads shown with the vertical stress force maps; textual
outputs (right)

The wall is globally subjected to an uplift force of 15.12 kN/m, as well as a significant shear force
(142.42 kN/m). A failure in tension is already visible at the right corner, which is consistent with
the forces the wall is taking. The output messages inform the designer that the wall is failing in
tension, shear and torsional shear: its design must be improved. The solution to this issue consists
in modifying the cross section attributed to the wall. At this stage, the wall is set with a 90 mm
cross section, with 3 layers (30-30-30) arranged crosswise.
By looking at the stress maps, it is possible to get a hint on which failure is the most decisive:

STED - Integrated Dynamic Digital Tools9 18/05/2018

Slab design

Deflection and bending
    Calculated as a hinged beam

Displacement

Bending moment and stress

OPTION 2: 
    Reduce floor span, e.g. add internal walls

OPTION 1: 
    Increase bending stiffness

E0 = 11 550 MPa
E90 = 300 MPa

Greatest contribution to bending 
stiffness from parallel layers

STED - Integrated Dynamic Digital Tools10 18/05/2018

Slab design

Shear

Two mechanisms:
    - Shear in parallel layers
    - Rolling shear in perpendicular layers

Shear force

Shear stress

Same principle as for deflection and bending

Alternative option: increase cross layer thickness
    -> Increases bending stiffness
    -> Does not impact shear stresses

STED - Integrated Dynamic Digital Tools11 18/05/2018

Wall design

Tension / Compression

Tension

Compression

OPTION 1: 
    Increase parallel layers thickness

OPTION 2 (for compression): 
    Decrease wall height

AVOID:
    Increasing perpendicular layers, due to load 
distribution
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“Typically, LCA involves an accounting of the quantity and type of 
materials that will be used in the building to understand and predict 
the embodied and operational impact of the building from the early 
design stage...

Actual prediction of material impacts was given little value without 
the understanding of the current target and its consequences on the 
critical design parameters.“



LIFE CYCLE ANALYSIS IS COMPLICATED

IT INCLUDES ALL DICIPLINES OF ENGINEERING



LIFE CYCLE ANALYSIS IS COMPLICATED

WHAT IF WE HAD 
A MODEL THAT COMBINES ALL DICIPLINES OF ENGINEERING?



CONSEQUENCE BASED DESIGN
is explicitly using integrated dynamic models
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INTEGRATED DYNAMIC MODEL



THE INTEGRATED DYNAMIC MODELCONSEQUENCE BASED DESIGN

Defines a collaborative and highly custom environment
Uses the model to distribute knowledge and embed expertise
Integrates expertise while it separates disciplinary dependence
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Step 1) concept parameterize analyze

Step 2) design tool scripting tool BPS tool

building designerProcess operator the programmer the analyst

THE FUNDAMENTAL 
COMPUTATIONAL 
ANALYTICAL MODEL

COLLABORATION ACROSS DISCIPLINES



CONSEQUENCE BASED DESIGN
Integrated dynamic models:
Utilize advanced parametric relationships 
Relies runtime coupling methods between tools
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Step 2) design tool scripting tool BPS tool
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Daysim

Grasshopper Dynamo

Therm + Window Excel

Radiance

Be10 Robot SOFiSTiK

OpenFOAM DELPHIN

EnergyPlus OpenStudio

Bsim

Radiance EnergyPlus 

OpenStudio 

Therm + Window

Daylight 
Glare + Visual Comfort 
Electric Lighting 

Thermal Energy Use 
HVAC sizing 
Thermal Comfort 

Construction R/U-Value 
Condensation Risk 

Daysim

Rhino + GH

Honeybee 

Radiance EnergyPlus 

OpenStudio 

Therm + Window

Daylight 
Glare + Visual Comfort 
Electric Lighting 

Thermal Energy Use 
HVAC sizing 
Thermal Comfort 

Construction R/U-Value 
Condensation Risk 

Daysim

Rhino + GH

Honeybee 

Radiance EnergyPlus 

OpenStudio 

Therm + Window

Daylight 
Glare + Visual Comfort 
Electric Lighting 

Thermal Energy Use 
HVAC sizing 
Thermal Comfort 

Construction R/U-Value 
Condensation Risk 

Daysim

Rhino + GH

Honeybee 

Radiance EnergyPlus 

OpenStudio 

Therm + Window

Daylight 
Glare + Visual Comfort 
Electric Lighting 

Thermal Energy Use 
HVAC sizing 
Thermal Comfort 

Construction R/U-Value 
Condensation Risk 

Daysim

Rhino + GH

Honeybee 

Radiance EnergyPlus 

OpenStudio 

Therm + Window

Daylight 
Glare + Visual Comfort 
Electric Lighting 

Thermal Energy Use 
HVAC sizing 
Thermal Comfort 

Construction R/U-Value 
Condensation Risk 

Daysim

Rhino + GH

Honeybee 

Rhino Revit

The scripting tool (Visual programming language) 
“Grasshopper”

CONSEQUENCE BASED DESIGN

Defines a collaborative and highly custom environment
Uses the model to distribute knowledge and embed expertise
Integrates expertise while it separates disciplinary dependence
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CONSEQUENCE BASED DESIGN
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Integrates expertise while it separates disciplinary dependence
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VANDKUNSTEN
AEFOROS

When using the integrated tool, many of these steps are automatically performed, and errors 
are thus not possible to the same degree.
On the other hand, having everything programmed means that a thorough check of the input 
data is necessary as errors in data sets or in the way material takeoff is conducted are much 
harder to spot.

Read more about the project in the following publications:
Tsikos, M., Negendahl, K. & Kauschen, J.S. (2017). Sustainable Design with Respect to 
LCA Using Parametric Design and BIM Tools. Paper presented at World Sustainable Built 
Environment Conference 2017, Hong Kong, Hong Kong.
Tsikos, M. (2016). Sustainable Design with Respect to LCA Using Parametric Design and 
BIM Tools. Master’s Thesis DTU, Kgs. Lyngby.

Screenshot from Revit, error checking of the model prior to the LCA 
calculation process

Screenshot from Revit, typical error that is found in the 
precheck proces: a layer in the wall assembly has no 
material assigned to it.

Less human errors
During Aeforos’ testing period and the comparison of its results to those from, for example, 
LCA.Byg it became obvious that a key advantage of the Revit/Dynamo LCA tool was fewer 
steps necessary for the user. For example, our testing showed that a huge error quotient 
is added to the calculation (up to 20%) during the processes of material takeoff in a CAD 
program, subsequent conversion in Excel, matching of building elements and materials to 
the LCI database, and eventually yet more data conversion. 

In order to ensure that a Revit model can be used, there are a couple of pre-check modules 
that can be applied to spot errors in naming, material connections, and the connected 
database prior to running the LCA. This function has proven to be especially useful when 
using Aeforos on “older” models that have been drawn without the post-Aeforos “office 
standard”. 

Screenshot from Revit, showing the material database and ID link to the 
data sets in the LCI database

20 Vandkunsten

Master student Marios Tsikos from DTU 
questioning how to make Life Cycle 
Analyses accesible in the early design stage. 
Implemented here in Revit/Dynamo



Aeforos
digital tool: BIM / LCA

the project has been developed as part of a master thesis at DTU.Byg, April-Juli 2016
studerende: Marios Tsikos [email] / DTU.Byg
parter: DTU.Byg / tegnestuen vandkunsten

Aeforos is a digital tool allowing to conduct Life Cycle Analysis directly from an existing 
Revit-model.

Task: why do we need the tool? What problems does it solve?

Concept: how is the tool designed, what does it do, and which phase of a project 
does it relate to? targetgroup? workfl ow?

Technicalities: 
what is needed to use the tool. How advanced is the setup and usage?

Development stage: how far is the tool developed? can it be used directly or will ad-
justments testing be necessary?

related cases: (only from STED?)

template: TOOL

GWP (kg CO2 / m2)

High

Average

Low

LCA Impact

VANDKUNSTEN
AEFOROS
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HUS I HUS-ARKITEKTUR MED INNOVATIV ANVÄNDNING AV RESTVÄRME 
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WHITE
EKO CANOPY

PROCESS TOOLS LCA
A N ACTIO N R ES E A RCH A PPROACH TO LCA TOO L D E V ELO PM ENT I N 3  PROJ ECTS

The DTU collaboration further included the continued development of a script for LCA 
estima-tion in early design processes. The scrip was originally developed by another DTU 
student during his internship at Vankunsten Arkitekter, another STED collaboration partner. 
White inherited the script and adapted it to the White work processes. The work between 
DTU & WHITE resulted in two different scripts being used in three projects to obtain an 

LCA result. One reason why this was so successful was that the thesis students, Mads and 
Anders, could take part in the projects and get instant information about the changes that 
affected their work. The result of the collaboration between DTU and White has resulted in 
a further development of these scripts and methods to inform other projects at White with 
LCA in the early design stages.

X. Embryo from DTU & Vandkunsten 

Script development White & DTU 

Aplication in three projects at White:
The LOOP

CITU WORKS
SKELLEFTEÅ KULTURHUS

Imlementation as a method at White for LCA

SUSTAINABLE TRANSFORMATION
The Sustainable Transformation and Environmental Design –project (S.T.E.D.) funded by the Nordic Built Foundation in 2015 has a focus on design processes. The design process is 
where critical decisions are made. It seems evident that when inquiring into the factors influencing sustainable transformation, research in how design decisions are made, would be at the 
fore. However, architectural design processes can vary quite significantly depending on the project and the architect. The design process is informed by many different factors such as the 
architects’ skills, geographical and cultural circumstances, financial aspects and technical possibilities. Architectural design processes therefore often have a high degree of complexity, 
which in some cases can be difficult to sort out and to communicate. Nevertheless, the use of information and communications technology (ICT) in this phase can have a great impact on 
the sustainability and the performance of the building design. It is therefore of great importance to investigate the role of ICT tools in the design process.”

Sustainable transformation

What good do ICT tools bring to architectural design processes?

INTRODUCTION

58 White



WHITE
EKO CANOPY

CASE ECO-CANOPY 
COMPARATIVE LCA EVALUATION

Rune´s work was a major success in the eco-canopy 
story. He provided great accuracy in calculating climate 
impact (LCA) thanks to his thorough data gathering. The 
results are impressive! The LCA illustrates how the eco-
canopy reaches break-even for climate impact even be-
fore conventional renovation (changing to a heat-pump and 
adding insulation) in all 5 energy scenarios. Eco-canopy 
is a reinvention of our vernacular architecture, free from 
heavy techniques in constant need of maintenance and 
modernized to use intelligent systems only where needed. In 
conclusion, Rune´s work contributed to convincing a project 
owner to ‘bet on the concept’; an eco-canopy is currently 
being developed in Linköping in Sweden.

See Figure 4.2.18 All dynamic energy scenarios will reach 
the break-even point within the first year for canopy scenario 
1. The standard energy scenario will reach the break-even 
point in the second year. The impacts from the canopy are 
twice as great as the impacts from the renovation materials 
that were avoided in the first year.

It is encouraging to see how 
passive solutions have a lower 
climate impact, not to mention 
the added value of a healthy 
environment and spaces provided 
for social sustainability. 

Figure 4.2.18 Annual ozone depletion impact over 50 years. 
The energy scenarios have a high potential to help avoid 
impact from ozone depletion.

In short: it is very helpful to obtain numbers so we can show in black 
and white the positive effects of regenerative solutions like eco-canopy. 
Less is more.

54 White

The LCA illustrates how the 
eco-canopy reaches break-even 
for climate impact even be-
fore conventional renovation 
(changing to a heat-pump and 
adding insulation) in all 5 energy 
scenarios.

Master student Rune Andersen from DTU 
questioning how the “traditional” energy 
renovation compares to the eko canopy

Ozone Depletion scenarios 50years

CONSEQUENCE BASED DESIGN
is explicitly using integrated dynamic models
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WHITE
EKO CANOPY

CASE ECO-CANOPY 
TO MEASURE SOCIAL SUSTAINABILITY

The study offers a comprehensive overview of relevant 
research on social sustainability as well as a matrix tool of 
indicators that can support the design process. The interest 
and demand for social sustainability is increasing. However, 
it is not something that is easy to measure or calculate. The 
literature study investigates the fundamental theory of social 
sustainability. Social sustainability could best be described 
through a range of defining themes and characteristics, 
which include, for example, equity, social mixing, cohesion, 
empowerment, participation, well-being, and quality of 
life.  The basic report suggests an approach for systematic 
enquiry into social sustainability, and covers the key topics 
using a compilation of themes with associated sub-criteria 
and indicators. Based on the conditions surrounding the 
individual project, these indicators can be weighted to 
direct focus towards the most relevant issues, to support 
the design process, and to secure more socially sustainable 
solutions in the transformation. 

Thesis by Aleksander Probst Otovic
Designing Social Sustainability 
Towards an operationalization of social sustainability 
concepts in integrated design processes.

“ ...if it doesn’t have a number,  
it is not in the budget.”

52 White



WHITE
EKO CANOPY

Master student Peter Jantzen from DTU questioning 
how to meassure comfort in spaces like the Eko 
Canopy

Master student Mikkel Knudsen from DTU questioning 
what the effect of a cannopy material have on the indoor 
environment and daylight in the connected appartments and 
the cost of the canopy iteself  

Master student Laura Fernandez from 
DTU questioning how to balance the 
dimensioning of steel in structural design  
and LCA

Master student Lasse Hamborg 
from DTU questioning how the 
thermal environment performs 
when taking wind and airflows 
into account

Daylight
Daylight

Cost comparison

Development of EKO-Canopy energy renovation concept for Swedish million program apartment houses
Master Thesis, Energy Design in Architectural Engineering, Danish Technical University,  Mikkel Kirkeskov Knudsen (mikkelkknudsen@gmail.com)

6. RESULTS ANALYSIS

(a) West-east cross section.

V [m/s]

(b) 3 m from the the inlet. (c) 6 m from the the inlet.

(d) 12 m from the the inlet. (e) 24 m from the the inlet.

Figure 6.20: Contour plots of air velocities for the reference case.

velocities in these planes are seen in the contour plots of Figure 6.21. Note
that the scaling is set to 2 ms-1.

Again it is seen that the highest velocities occur away from the apartment
facades, i.e. the sides of the plots. In fact, the highest velocities found by the
apartment facades are the areas vertically very close to the inlet – the same
place as in the reference case seen in Figure 6.20a. In this area, the air velocity
close to the apartment facades approaches 0.5 ms-1. The proportionality
to the wind speed V0 in this point is thus VFacade(3m,3m) ≈ 0.25 · V0 which
is a lot higher than in the reference case above. The critical wind speed,
assuming the 0.2-tolerance is thus only V0 ≈ 0.2 m

s

0.25 ≈ 0.8m
s

.
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VANDKUNSTEN
on AEFOROS

“Perhaps the biggest issue with developing a tool 
like Aeforos is the task of keeping the software and 
databases updated”

Jan Schipull Kauschen,
Vandkunsten
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concept parameterize analyze

design tool scripting tool BPS tool

The LCA tool in AEFOROS itself is the scripting tool 
The coupling between multiple data-sources is not trivial

When a part breaks, 
it all fall apart
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concept parameterize analyze

design tool scripting tool BPS tool

The LCA tool itself should be separated as an engine- e.g. LCAbyg

Separate the simulation 
tools from the model 
and make them better 
with proper APIs



WHAT IF THE SCRIPTING TOOL IS BROKEN?
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concept parameterize analyze

design tool scripting tool BPS tool

Parametric modeling is hard!

Using scripting in a
design process is not
for everyone!
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concept parameterize analyze
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Parametric modeling is hard! - if you think the tool is hard

Grasshopper is hard
Dynamo is hard
/insert tool here/ is hard
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Parametric modeling is hard!

Better tools to translate* design models to analysis models 

*translate ≈ approximate model intentions and inject unknown parameters 



OOPEAA
ENERGY PROXY MODELING

 

Appropriate geometry Evaluate data Distrubute data 
 
 

  

 

 
 

Filtering the model in order to define the subset 
of the model that is of interest to the user 

Assessing the data included in the model in 
order to assess what information is needed in 
order to perform an analysis 

Manipulating the model in order to derive a 
complete simulation model 

Design model 

Subset of model 

Model information Simulation model 

Appropriation of 
the geometric 
model for analysis 

Appending 
necessary 
information 

Distribution to 
BPS tool 
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Appending 
necessary 
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Design model Simulation model 

Master student Lucas Rhinne Toh developed 
a tool that translates a hand sketch on the 
left and on the right a fully functional muti-
zone thermal simulation model



OOPEAA
ENERGY PROXY MODELING

Napkin drawing Full 3d BIM model + Thermal 
simulation outputs as colours
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PARAMETRIC THINKING WITHOUT SCRIPTING
DGNB tool for BIG

All parameters, drawings, emails, 
documents, 3d models (BIM)... are objects
All objects are connected
All objects have weights (impacts , cost, ...)
All objects have versions 
All objects have owners and full security control  



PARAMETRIC THINKING WITHOUT SCRIPTING
DGNB tool for BIG - CARD LOGIC



WHAT IF THE DESIGN TOOL IS BROKEN?
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What if the design tool is the broken link?

BIM is well established, but fundamentally flawed
- intend is separated from BIM 
- crucial decisions are taken prior to BIM
2D CAD still persists
Skectches are done by hand on paper and in physical models 

This is a discussion for another time!



HAVE WE COVERED LCA WHEN THE INTERFACES ARE FIXED?



TAKING NEW STEPS IN THE LCA
CAN WE COMPUTE LCA IN EVERY ASPECT? 

Drawings by curtisy of CN3 Master student Sofie Korsbak defining the 
fundamental mathematics of DfD in LCA by 
using Graph Theory.

Resources

Processing

Manufacturing

Distribution

Use

End of life

Today, LCA consider parts, not connections

The reuse of resources depends on the ability to 
separate components and materials. 

 



TAKING NEW STEPS IN THE LCA
REUSE, REPURPOSE, DESIGN FOR DISSASEMBLY

SOME GRAFIX from Diploma student Rasmus Ryge Lund and 
Oscar Westergaard creating a VR interface 
for DfD in Unity to improve on the overall LCA 
approaches



SIMPLIFYING BUILDING DATA MANAGEMENT AND 
BUILDING PERFORMANCE ANALYSIS


