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ABSTRACT: This paper aims to describe a conceptual proposition for the use of thermal simulation tools during the 

building design process. Despite the impact of architectural elements on building performance, some of the most 

influential decisions are based solely on qualitative information. The concept of designerly ways of simulation focuses 

on the formulation and solution of design dilemmas, which are crucial doubts concerning the design that cannot be 

fully understood nor solved without using quantitative information. The proposition intends to combine the power of 

analysis from computer simulation tools with the capacity of synthesis from architects. Three types of tools are 

considered: solar analyses, thermal/energy simulation, and CFD. 

Keywords: Simulation; thermal performance; architectural dilemmas.  

 

 

INTRODUCTION  

Despite the impact of architectural elements on the 

thermal and energy performance of buildings, some of 

the most influential decisions are supported solely by 

qualitative knowledge (e.g. general principles and design 

precedents). Such information can be useful to guide 

architects in the definition of solution spaces. However, 

the lack of quantitative analyses can hinder performance 

ambitions and also lead architects to make costly 

mistakes. Conceptual errors can be a consequence of a 

design analogy that used a biased source [1]. Hidden 

errors of precedent knowledge (source) can be easily 

transferred to the design solution (target) if the 

information is not properly evaluated.  

 

General principles and precedents can be used as 

heuristic devices in design [2]. These sources of 

knowledge allow the designer to move towards a solution 

for a given design problem. Nevertheless, the validity of 

such information can be questionable in some 

circumstances. General principles are normally vague 

and, thus, can be inadequate to support specific design 

situations. The phenomena are described through 

simplified representations of a building. As a result, the 

unique features of a design that can impact the building 

performance are usually ignored by guidelines, which 

may compromise its pertinence in certain cases.  

 

Design precedents also can carry hidden errors, which 

can lead the architect to make conceptual mistakes. The 

analogy between the source (precedent) and the target 

(solution) presumes a similarity between both situations 

[3]. Therefore, even if the precedent was an optimal 

response to a design problem in a given situation, it does 

not mean that it would be effective in other contexts. A 

classic example of a misleading analogy is when the 

designer adopts a precedent that was designed for a very 

different climate. Besides the risk of drawing mistaken 

analogies, there is also the possibility of using a 

precedent that was the result of an erroneous approach to 

a design problem. More often than not, the way designers 

and critics evaluate these precedents in terms of 

performance is superficial. Such analyses can create an 

incorrect belief that these solutions are acceptable. This 

impression facilitates the transfer of hidden errors to 

future designs.  

 

Quantitative evaluations using simulation tools can 

enhance the design support. The information provided by 

these assessments not only minimizes the risk of making 

conceptual errors but increases the chance of reaching 

higher levels of performance. Indeed, computer 

simulation has evolved considerably in the last decade. 

The interfaces are more legible to architects and the 

processes of geometrical modelling, navigation and input 

of data are becoming more intuitive in recent tools. 

 

However, the use of simulation tools as part of the 

design process comes up against the lack of methods that 

are in tune with the design activity. Thermal simulation 

is approached by many researchers exclusively from the 

technical standpoint, in which new tools are proposed 

and chunks of inputs and criteria are defined for each 

situation. Given the unique nature of design, we consider 
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that a different approach is necessary. Design problems 

are formulated and solved in a distinct way in 

comparison to scientific problems [4]. The approach to a 

design problem usually requires specific strategies 

because of the overwhelming number of possible 

alternatives, variables, and criteria. 

 

In order to facilitate the use of thermal simulation 

tools as part of the architectural design process, this 

paper aims to describe the concept of ‘designerly’ 

simulation. The content presented here is part of a 

doctoral research. The complexity of the proposed 

problem required an approach of different aspects, such 

as design practice, simulation tools, and design theory. In 

this paper, we focus only on the theoretical components 

of the developed concept. 

  

 

DESIGNERLY WAYS OF SIMULATION 

The term ‘designerly’ was created by Nigel Cross in the 

late 70s. He asserts that design activities require a 

different type of knowledge in comparison to arts and 

science. Such epistemology was defined as ‘Designerly 

ways of knowing’ [4]. Analogously, we presume that 

simulation methods carried out by architects as part of 

the design practice should have unique features in 

comparison to procedures commonly used by 

consultants. Such discrepancies are motivated by the 

substantial differences between the problems formulated 

and solved by consultants and architects. The knowledge, 

information, and criteria used by each of these 

professionals can be quite diverse. This is why the 

effective integration between architectural conception 

and simulation methods is so hard to obtain when 

assessments are made by consultancy firms.  

 

We presume that the impact of simulation on the 

architectural expression would be higher if architects 

could reproduce and simulate their own questions. 

Technical problems that are more complex can be 

tackled by consultants. 

 

 

TYPES OF SIMULATION TOOLS ADOPTED 

The proposed concept is intended to provide support to 

design decisions that influence the thermal performance 

of the building (e.g. indoor climate, heat flows, air flows, 

and energy consumption). The proposition took into 

account three types of analyses: solar, thermal, and CFD 

tools. It is worthy to mention that the purpose of the 

research is not to analyze how each tool works in 

comparison to each other. Therefore, we selected two 

user friendly tools that had affordable student licenses. 

The following tools were selected: 

 

Autodesk ECOTECT Analysis 2011 (for solar 

analyses): the tool offers a great diversity of outputs and 

visualization of results. The interface is legible and 

despite some limitations of the modelling features, it has 

indirect interoperability with SketchUp. The tool is used 

in the research only for solar and radiation analyses. 

 

DesignBuilder (for thermal and CFD analyses): the 

tool has excellent modelling features, clear navigation 

panel and legible sequence of input data. Early design 

simulations can be done using the parametric features 

and a vast template library. 

 

Despite the limited number of tools, the concept of 

designerly simulation can be extended to other user 

friendly tools that were not adopted in the research. The 

tools selected were not used to formulate the concept, but 

to demonstrate its applicability in practical design 

situations. Since the information used in different 

programs is nearly the same, architects can choose tools 

according to their personal preferences.  
 
 

PURPOSE OF DESIGNERLY SIMULATION 

The development of the concept requires a general 

understanding about why and in which situations should 

architects use simulation tools. We observe that the use 

of simulation among architects is still very limited. Most 

architects never use simulation tools or quantitative 

methods. When they do, we observe that their first 

contact with simulation is usually to tackle research tasks 

as part of post-graduate studies. As researchers, their 

approach is to investigate thoroughly a given research 

problem. Simulation is used to quantify the influence of a 

pre-defined set of variables, allowing the researchers to 

draw conclusions based on the results. 

 

Our experience with simulation training courses for 

architects-researchers allowed us to identify some 

patterns. We noticed, for instance, that architects tend to 

adopt the same scientific rigour required in the academic 

field when they try to use simulation during design. 

Thus, simulation assessments are restricted to advanced 

design stages, when they can be sure that the model 

accurately represents their design. However, in that 

stage, simulation results have the sole purpose of 

confirming an expected performance. As a result, the 

impact on the decision-making process is limited. This 

rhetorical procedure ignores the potential of simulation 

tools to help architects to solve their individual doubts 

according to their own set of criteria. In order to avoid 

unnecessary simulations, the proposed concept needs a 

clear purpose for the use of simulation during design. 

 

Therefore, the main goal of designerly ways of 

simulation is to solve design dilemmas identified 

during the design process. Design dilemmas are defined 

as crucial doubts that have implications on the building 

performance. These doubts can arise during the design 
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process and require quantitative analysis to be effectively 

understood and solved. 

 

 Design dilemmas are resultant from the designer’s 

own reflection process about specific design definitions. 

However, explorative simulation procedures can allow 

the designer to find design dilemmas that could not be 

identified otherwise. This can happen, for instance, when 

a given phenomena (e.g. specific heat flows) was not 

expected by the designer but could be noticed based on 

simulation results. Similarly, the solution of a dilemma 

can lead to new dilemmas regarding other design aspects. 

 

According to the proposed definition, dilemmas 

cannot be solved based solely on qualitative knowledge, 

as many design decisions can. The occurrence of 

dilemmas depends on the following aspects: 

 

The architect’s skill to find dilemmas: in order to 

identify dilemmas, architects need to reflect upon design 

decisions and have background knowledge to formulate 

questions about them. Designers who neglect 

performance criteria and lack the basic knowledge to 

deal with these doubts would never have dilemmas. 

 

Design ambitions: design processes with high 

performance ambitions tend to generate more dilemmas 

because performance criteria are inherently related with 

the fundamental goals. 

 

For each category of simulation, groups of inter-

related design decisions were identified to define the 

general scope of dilemmas that can be tackled (Figure 1). 

 

 
Figure 1: Scope of architectural design decisions. 

 

These decisions are intrinsically related to the 

architectural design practice and can have a considerable 

influence on performance. Even though they are quite 

broad and general, the design dilemmas related to each 

decision can be very specific. Dilemmas can focus on 

particular properties (eg. colour, dimensions, R-value, 

etc.) or on elements and strategies that combine sets of 

properties (eg. wind collectors, shading devices, glazing 

systems, etc.). Given the number of combinations, it 

would be virtually impossible to name all the possible 

dilemmas. Indeed, dilemmas are closely related to the 

specificities of each design situation (and how it is 

approached by different architects). 

 

 

THE NATURE OF DESIGN PROBLEMS 

Design is an intricate activity that is considerably 

different from science and arts. One of the main reasons 

of such complexity is the ‘wicked’ or ‘ill-defined’ nature 

of design problems. One of the unique features of these 

problems is that they involve knowledge and information 

that are not even mentioned in the brief [5]. This is more 

evident in design competitions, when architects receive 

the exact same requirement but produce a large variety of 

different outcomes. Such phenomena is not only related 

to discrepancies in skill, talent or professional 

competence [6]. According to the argument proposed by 

Steve Harfield, there are not ‘fifty solutions for the same 

problem, but (…) fifty solutions to fifty different 

problems.’. This happens because architects do not react 

impartially to the problem ‘as given’. Each designer 

approaches design problems with their own ‘likes and 

needs, assumptions and beliefs, preferences, prejudices 

and biases, knowledge, skills and understandings’ [6]. 

These personal attributes are used to determine what is 

considered an interesting design problem and set 

parameters for acceptable solutions. 

 

In the professional practice, differently from design 

competitions, design problems are defined by more 

constraints. They can be generated by architects, clients, 

users and legislators [7]. The constraints generated by 

each category can affect several aspects of the design and 

have different levels of flexibility. 

 

 

THE NATURE OF DESIGN DILEMMAS 

Design dilemmas are a specific type of design problems 

that involve questions or doubts about thermal 

performance. These questions cannot be successfully 

solved without quantitative evaluations. Despite its 

prominent pragmatic component, dilemmas and 

problems share the same ‘ill-defined’ nature. Dilemmas 

can be affected by subjective criteria created by the 

architect. Such information constrains solution spaces 

and, consequently, the number of simulated alternatives. 

Architects play a major role in the formulation of design 

dilemmas. All the knowledge and information that 

constrains solution spaces are framed in appreciative 

contexts, according to selective points of view [8]. 

 

The theory of reflective practice, proposed by Donald 

Schön, can be used to describe how architects can 
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approach design problems. The adoption of selective 

points of view leads to an abstraction of the design: some 

features are emphasized, and some are ignored. Such 

simplifications – usually made in the virtual experiment 

on the tracing paper – allow the architect to explore and 

learn from design problems. This process is described by 

Schön as a ‘conversation with the design situation’ [8]. 

  

Given the nature of design dilemmas, the same 

conceptual processes can happen in designerly ways of 

simulation. Dilemmas should be framed according to 

objective and subjective criteria formulated by the 

architect. The solution space is highly influenced by 

these criteria. Interestingly, simulation tools play the 

same role of the ‘tracing paper’ in the investigation of 

problems as proposed by Schön. The use of simulation 

allows architects to learn from these problems and, in a 

less organic way, to have a ‘conversation with the design 

situation’. This learning process, analogous to the co-

evolution of problem and solution [9], may lead the 

architect, for instance, to re-frame the dilemma and to 

modify dramatically the solution space. 

 

Obviously, not all dilemmas can be approached by 

architects or by the tools available. Some of the 

phenomena may involve knowledge that is beyond the 

technical proficiency of the architect. Besides, 

approachable dilemmas should be in tune with the 

performance criteria established and with the tools used. 

The intersection between proficiency, performance 

criteria, and tools capacity defines the universe of 

approachable dilemmas (Figure 2). 

 

 
Figure 2: Universe of approachable dilemmas. 

 
Of course, dilemmas are highly relative. A complex 

dilemma for an inexperienced architect might be easily 

solved by more experienced architects. 

 

 

DESCRIPTION OF DESIGNERLY SIMULATION 

We believe that the proposition of designerly simulation 

should combine the power of analysis from simulation 

tools with the power of synthesis from architects. As a 

result, the simulation processes are highly dependent on 

the human component, or, in other words, on how 

dilemmas are formulated by architects. This means that 

processes and information inherently related to the way 

architects frame problems should be used as part of the 

simulation procedure. Dilemmas can be constrained by 

design conjectures, concepts and intentions that are used 

to frame a given situation. The development of the 

concept took into account the following assumptions: 

 

Science and design: we presume that simulation to 

provide design support can be less rigorous in 

comparison to scientific research as several design 

features are unknown or partially defined. The 

comparison of design alternatives does not need to be 

related to performance parameters extracted from real 

buildings, but allow the designer to identify the impact of 

a given group of solutions. The model can have several 

abstractions in terms of geometry, schedules and HVAC 

systems and still provide useful and comparable results.  

 

Design dilemmas: the focus of simulation is to solve 

dilemmas, which should be formulated using pragmatic 

constraints (generated by the designer, clients, users and 

legislators) and abstract constraints (mostly generated by 

the designer and clients). A constraint is more pragmatic 

when its related features can be directly input into the 

software. Abstract constraints, on the other hand, need to 

be processed by the designer to become inputs. 

 

Shortcuts: the formulation of design dilemmas can 

be influenced by qualitative information such as design 

principles and precedent solutions. These sources of 

knowledge can be used to generate design hypothesis or 

to reduce the scope of a dilemma.  

 

The designerly simulation process is represented in 

the Figure 3. The diagram shows the timeline of a design 

process. Throughout the timeline, the design evolves as 

new features are defined and more design definitions are 

available. Whenever a dilemma arises (represented by 

‘?’) the known features of the design are used in the 

simulation model.  While some of these features can be 

fully known, some information can be partially defined 

or even completely unknown. The simulation model that 

represents an incomplete design should prioritize 

information that is related with the given dilemma and 

the type of assessment. Solar and CFD assessments, for 

instance, require more geometrical definitions, whereas 

thermal and energy assessments require information 

about the properties of building elements, occupation and 

systems. Depending on the type of analysis, available 

information can be ignored or used in the model. 

 

Simplified simulations involve abstractions or even 

the stipulation of unknown information. The level of 
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simplification depends on the specific dilemma and the 

stage of design development. A dilemma would not be 

pertinent if relevant design definitions, directly related to 

the dilemma, are unavailable. For instance, the 

quantification of the insulation impact on heating loads 

should be compromised if the geometry of the building is 

completely unknown (and, thus, cannot be stipulated). 

 

 
Figure 3: Representation of a designerly simulation process. 

 
The simulation of a design dilemma should adopt 

information that is used in the formulation of design 

problems. This information is strictly related to the 

constraints of the dilemma, which can be pragmatic or 

abstract [7]. Both types of constraints are intended to 

reduce the scope of the analysis. Information generated 

by pragmatic constraints is easier to implement in 

simulation models as it can be directly input in the 

model. The use of abstract constraints, on the other hand, 

is indirectly transferred to the model. This information 

should be processed by the designer and translated to be 

used in the model. Some examples of this translation 

process can be mentioned: 

 

Cost constraints related to a given dilemma allow 

the elimination of solutions that would be too expensive. 

In a similar way, the definition of performance goals or 

design ambitions can lead to a range of acceptable 

solutions. 

 

An abstract concept, such as ‘transparency’, for 

instance, can generate pragmatic inputs. A ‘transparent’ 

wall would have a high WWR (window-to-wall-ratio). 

Similarly, the design of shading devices according to the 

premise of ‘transparency’ would have to implement 

specific features. This design intention would eliminate 

solutions that block the visual contact between exterior 

and interior spaces. 

 

Even though the process of transforming abstract 

constraints into pragmatic inputs is complex to describe 

or fully represent, similar techniques are widely used in 

architectural design. Architects intuitively deal with 

several conjectures in order to formulate problems and 

identify parameters for acceptable solutions. During this 

process, designers can use information as ‘shortcuts’ to 

facilitate the translation of abstract constraints. In design 

practice, this information is often related to previous 

experiences of the architect and is rarely based on 

quantitative criteria. In designerly simulation processes, 

information used as a ‘shortcut’ should allow the 

identification of some inputs. The concern of using 

misleading precedents is minimized as they can be 

improved through the use of simulation. Two types of 

information are approached: 

 

Design principles: the use of guidelines can reduce 

considerably the scope of analysis. Such information can 

be used to focus on specific design strategies. 

 

Precedent solutions: the analogy with specific 

features extracted from precedent solutions can be useful 

in the process of transforming abstract intentions into 

pragmatic definitions.  

 

The process of transferring information from these 

sources to the model depends highly on what is intended 

by the designer. 

 

 

MULTIPLE MANIFESTATIONS OF DILEMMAS 

During the research, the developed concept was tested in 

real design situations. Three design processes of energy 

efficient houses in the Netherlands were investigated 

based on interviews with the architects involved. 

Altogether, eight design dilemmas were formulated 

based on the three case studies. In some situations, 

different stages of the design evolution were re-created 

and simulated. The information used to characterize each 

design phase was based on the report of the architects 

about the whole process. All the dilemmas were 

proposed by the researchers and framed according to the 

information provided by architects. Obviously, the 

details and outcomes of that procedure cannot be 

presented here given the considerable space required for 

a complete description of what was done. However, 

some of the findings concerning the developed concept 

can be addressed based on these experiments. The 

description of two dilemmas extracted from these case 

studies are presented in a previous paper [10].   

 

The investigation of real design situations allowed us 

to realize how the process of formulating dilemmas can 

take so many different shapes. Indeed, it would be 

virtually impossible to define a standard routine for this 

process. Each dilemma depends on the architect’s 

reflection and on the features of the design situation. 

Thus, some dilemmas can be formulated in a very 
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pragmatic way, while others can be framed and re-

framed several times during the simulation studies. 

 

The eight dilemmas proposed presented a range of 

different design situations in which we could use the 

three types of simulation analyses considered.  

 

Two of the eight dilemmas were framed using 

sources of knowledge extracted from precedents. The 

role of the information adopted is different in each 

dilemma. In the first one, the proposition of a Trombe 

wall was used as a hypothesis to maximize thermal gains 

during the winter. In the second one, we made an 

analogy with a type of shading device for a skylight. 

Throughout the study, this basic element suffered 

mutations in its geometry based on solar analyses.  

 

 The process of re-framing dilemmas, which is 

analogous to the theory of co-evolution of problems and 

solutions [9], was necessary in three dilemmas. In these 

cases, the solution spaces needed to be expanded. A 

complex dilemma can be motivated by a simple question 

(e.g. is this solution good enough?). This initial question 

can be re-formulated when results show that the 

proposed solution is not acceptable. Dilemmas can also 

be re-framed by changing the performance criterion or 

the scope of analysis. According to Donald Schön [8], 

architects learn about design problems by manipulating 

the problem in a virtual world. In this process, designers 

can spot the consequences of design moves, which can 

affect the way the problem is framed. 

 

On the opposite side, some of the dilemmas were 

approached very pragmatically. In such cases, the 

formulation of the dilemma precedes the simulation 

studies. The group of alternatives is usually based on the 

technical properties that are being investigated.  

 

Dilemmas are usually specific questions and, thus, 

can’t be always related to performance standards or 

regulations. The definition of performance criteria can 

vary according to the approach of each architect. Each 

individual can choose different ways to evaluate the 

solution of what appears to be the same problem. 

Besides, the relevance of performance criteria is highly 

relative because the design involves a wide variety of 

other criteria. The importance given to each criterion 

depends on the individual values of each designer and 

may vary according to each design demand.  

 

 

CONCLUSION 

We described the concept of designerly simulation. The 

investigation was motivated by the discrepancy between 

how consultants solve scientific problems and how 

designers formulate design problems. We presumed that 

the use of simulation as part of the design activity have 

different requirements in comparison with academic 

research or technical consultancy. 

The formulation of the concept started with the 

definition of the main purpose of simulation: to solve 

design dilemmas. When the use of tools is conditioned to 

this goal, we find that the majority of design decisions 

can be tackled without simulation because most problems 

are not dilemmas. As a consequence of this premise, 

simulation tools are used in design only when necessary, 

which eliminates rhetorical procedures usually made 

when nearly all the decisions were taken. 

 

The concept refers to well-known conceptual 

processes, such as the theory of reflective practice, the 

use of design analogies, or the co-evolution of problem 

and solution. A great variety of qualitative knowledge 

used in design practice can also be part of simulation 

processes. Therefore, the application of the concept is 

highly dependent on individual attributes of the designer. 

The nature of each dilemma is determined by the way the 

situation is framed by the architect. As a result, dilemmas 

can take a variety of shapes and be influenced by 

external sources of information. 

 

We believe that the proposed concept has the 

potential to be adopted academically and professionally. 

However, we do recognize that the practical 

implementation of the concept requires architects with 

very specific attributes. Besides, we also think that 

simulation tools need to evolve in many aspects to 

facilitate the applicability of the concept. 
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