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Abstract. This paper identifies the limitations of conventional simula-
tion and presents an alternative approach in regards to Morphogenetic 
design.  Rather than attempting to exhaustively model all environmen-
tal phenomena, this approach treats the selection of the simulation cri-
teria as part of the design process.  By minimizing the amount of sim-
ulation in initial design phases, proposals are more facile and 
responsive while producing actionable design concepts for develop-
ment.     
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1. Introduction  

Morphogenesis, understood as a privileging of performance in the design 

process (Leach 2009), enables emergent, formal, and systemic effects pro-

duced through modelling various performative criteria.  Mimicking biologi-

cal models (Leach 2009), complex environmental, structural, and physical 

systems inform serial and evolutionary design processes which engender 

novel architectural and performative approaches and results.   

Investigations of performative morphogenesis in a pedagogical environ-

ment produce meaningful inquiry into abstract concepts of rigor, process, 

precision, and the prioritization of criteria.  Scripting software encourages 

and develops a strategic and ordered approach fundamental to architectural 

pedagogy. The integration of scripting into design enables an architectural 

engagement with Deleuzian abstract machines and what Greg Lynn (1999) 
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would refer to as “a shift from a modernist notion of abstraction based on 

form and vision to an abstraction based on process and movement.”  

While there are many benefits to integrating design computation in tradi-

tional architectural education, there are challenges as well.  Sophisticated 

analysis of solar, wind, geothermal and other environmental datasets provide 

a seductive promise of supercharging the performance of a morphogenic 

product, enabling architecture to expand its engagement with a wider range 

of performative criteria, but also present issues regarding evaluative criteria, 

student development, process and the relationship between data and metada-

ta.  Various criteria incrementally layer to establish a large-scale design re-

sponse, creating emergent conditions and formal systems.   

The product of morphogenetic systems challenges traditional methods of 

evaluation.  The complex formal nature of many computationally developed 

designs defy conventional architectural representation and production tech-

niques, described by Anthony Vidler (2000) as “Abstractions of abstrac-

tions... meaningless to client and layperson alike.” Discerning the link be-

tween these formally complex systems with their performance poses more 

difficulty than what Vidler described.  Compound performative systems are 

more opaque and difficult to process.  The result is a pedagogical product 

that resists analysis and assessment. 

The difficulty in assessing the morphogenetic product as well as the 

computational expense of simulation engines are two critical issues present-

ed by complex systems simulation.  Perhaps even more challenging is the 

underlying assumption that the designer of the morphogenetic system is 

competent in advanced thermodynamics, complex structural analysis, or var-

ious other disciplines that are not typically part of classical architectural edu-

cation.  This assumption avoids critique of the responsive forces that shape 

the system, and focuses the critique solely in the realm of architectural ef-

fect- a critical element of an architectural design process but a limited do-

main of analysis.   

This paper presents a process of selective simulation as a viable approach 

for a morphogenetic design in the context of architectural education.   This 

approach provides ample generative data while liberating the designer to fo-

cus on the communication and development of the concept.  The choice of 

how to simulate and what to simulate becomes as much of the design process 

as any other element or parameter.  Rather than attempting comprehensive 

simulation of complex systems, the isolation or reduction of critical effects 

into manageable, developable datasets are deployed as engines for genera-

tive processes in areas as varied as hurricane resistance, tidal energy and 

structural stability.  The focus of this paper will be a selective simulation of 

aeolian dune migration. 
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2. Comprehensive simulation  

Simulation is a critical issue relative to architectural production.  As Lynn 

(1999) observes, “Since architects produce drawings of buildings and not 

buildings themselves, architecture, more than any other discipline, is in-

volved with the production of virtual descriptions.”  These virtual descrip-

tions (or simulations) are a critical component of design development, opti-

mization, and problem solving; providing an abstracted environment to test 

solutions against a host of problems. 

Once a designer engages with a digital morphogenetic process, the im-

portance of simulation increases exponentially. With this workflow, students 

are encouraged to be more alchemist than sculptor, creating the framework 

of simulation for an emergent design to evolve.  As Leach (2009) put it, “(In 

morphogenetic design) the designer merely establishes certain defining co-

ordinates, and unleashes the program, which eventually ‘crystalizes’ and re-

solves itself into a certain configuration.”  With morphogenetic investiga-

tion, simulated forces directly generate the outcome and performance is 

paramount.   

The potential of simulating complex material and environmental systems 

posits an enticing lure of high-performance constructions, with architects 

sharing simulation with the engineering disciplines.  (Weinstock & Statho-

poulos 2006)   The critical difference is that in case of engineering, the crea-

tors and facilitators have been sufficiently trained to determine if the simula-

tions are constructed correctly and that the responses to physical forces are 

correct and viable.  While structural systems are a significant part of an ar-

chitectural training, an architects' structural systems training typically is not 

as comprehensive as that of an engineer’s.  The pedagogical approach of ar-

chitectural education is to equip students with basic concepts of other disci-

plines to facilitate dialogue and incorporation into design strategies, but not 

to emphasize a mastery of these concepts. This bias is strained by a morpho-

genetic process, where the relationships between morphogenetic products 

and their stimuli are at times opaque or vague.   

As design elements are algorithmically driven by simulated pressures, a 

sophisticated understanding of these forces becomes a vital component to 

developing a performative design.  This mandates that a student either be-

comes technically proficient in understanding physical forces or utilizes a 

simulation tool that provides an intuitive representation of the results.  Typi-

cally the development of technical proficiency in these fields demands more 

than a single studio, seminar, or even architectural program can provide, and 

as a result tools that produce comparative or visual analysis are deployed.  

The necessity of a graphical, intuitive representation of simulation results is 
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demonstrated by the frequent use of Ecotect in tandem with Grasshopper, 

despite studies finding that the Ecotect’s simulations are inconsistent and in-

accurate when compared with similar products.  (Azhar, Brown & Farooqui 

2009) (Ibarra, D., & Reinhart, C. F. 2009) (Weytjens, L., Attia, S., Verbeeck, 

G., & De Herde, A. 2010) 

3. Selective simulation  

3.1. INTRODUCTION 

Comprehensive simulations are inherently expensive in terms of processing 

and production time. Selecting strategic simulations reduces computational 

time to a minimum, revisions and enhancements to the design are more fac-

ile and quick, allowing superior sophistication to a design generated by a 

more robust simulation base.  Selective simulations also place emphasis up-

on modelling systems with intuitive results and easily evaluated output, such 

as rain responding to gravity or solar irradiation rather than complex ther-

modynamics or chemical reactions.  Selective simulation minimizes time-

consuming computational analysis and reduces the development of overly 

specific and unnecessary skill sets.  Complex systems required for producing 

a specific morphological condition are modelled more efficiently to provide 

systemic implications and formal direction rather than infinite precision or 

accuracy.   

3.2. PARTICLE MORPHOLOGY AND ARREST 

Our investigation into the latent energy of sand dune migration as a possible 

generator of structural systems utilizes a variety of low fidelity analytics.  In 

this proposal, the naturally occurring en-masse movement of sand particles 

across a dunescape is frozen by Bacilius pasteuri, a bacteria which in contact 

with sand enables microbially induced carbonate precipitation (Larsson 

2011).  This process creates calcium carbonate, essentially a crude form of 

cement.  The investigation proposes bacteria deployed by a robotic armature, 

a GCode driven device that will spray the bacteria to calcify the sand and 

create a specific formal response.  Carbonate precipitation has been enabled 

by CNC spray devices with material such as polypavement (Kukik, Shergil 

& Novikov 2012) and can be utilized with this medium as well.    The robot-

ic construction techniques will allow the implementation of morphogenetic 

products to be rendered and tested in the physical sphere. 

With particle simulation engines native in many 3D modelling packages 

such as Maya and 3DS Max, simulation of dune migration is possible 

through particle dynamics, though computationally taxing, labour intensive 
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and potentially inaccurate.  Representing the behaviour of individual sand 

particles requires a complex understanding of physics, geology, and material 

science skills that are touched upon as part of a typical architectural educa-

tion but not in sufficient detail to create an accurate simulation.    

Rather than modelling millions of particles in a dynamic, unnecessary 

simulation, the team avoided a robust particle simulation and looked to intel-

ligent approximations of sand dune motion as the generator of performative 

response.  Brad Werner (1995) showed that dunes can be approximated by a 

three dimensional grid of square cells that inform an animation of the cellu-

lar automaton.  The cellular automaton then provides a simple representation 

of generic dune morphology (Elder 2009). These animations were loaded in-

to the Rhino3D plugin Grasshopper via Firefly, generating a series of mesh 

heightmap renderings to be utilized as a component of formal generation.  

As the dune migration is analysed, material and structural criteria drive for-

mal organizations and enable emergent conditions.  The resulting topology is 

then optimized through ‘Milipede’, an adaptation of ‘Topostruct’ into the 

Grasshopper environment that conducts finite element structural analysis.  

Approximating the infinitely complex particle system and optimizing the 

structural system produces the flexibility and agility to develop an emergent 

direction and a novel spatial condition.   

 

Figure 1. Werner’s model (taken from Elder, 2013).  

 

Figure 2. Cellular automaton representing dune migration generated by Software for 
dunefield simulator (taken from Elder, 2013).   
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Figure 3. Structural optimization   

The ability to run structural analysis and inform the formal response is 

enabled by selectively simulating dune migration.   These tools produce a 

base construct to develop structural and formal strategies that act as a provo-

cation of an architectural solution.  Avoiding time-consuming and computa-

tionally heavy simulations facilitates a generative construct, enabling dis-

course of concept, viability, and development.   

4. Conclusion  

This paper presents an alternative approach to simulation in morphogenetic 

design in the context of architectural education.  While the design proposals 

remain speculative, the research clearly describes a viable approach to incor-

porating morphogenetic design in an pedagogical context with the goals of 

fostering rigor, criticality, and generative design approaches.  Selective sim-

ulation emphasizes design decisions and critical development over mastery 

of simulation tools and knowledge sets.   

5. Future work  

To determine the effectiveness of selective simulation, morphogenetic prod-

ucts created through these processes need to be physically constructed and 

tested.  At the time of writing, development on a prototype CNC machine 

that calcifies sand with Bacilius pasteuri is underway.  Once a viable proto-

type has been developed, discussions will begin with the American National 

Park Service to test the machine in the Great Sand Dunes National Park in 

Colorado.   
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