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Abstract: This paper explores the integration between environmental systems design and architectural 
design process. The integration of these two processes is essential from the very early stages of the 
design process, both to improve and/or efficiently preserve the environmental, and architectural quality 
of spaces. The paper presents the design teaching and research experience carried out with the students 
of final atelier of the Master of Sustainability, at the Polytechnic of Turin in the second semester, 2014. 
The aim of the atelier was to design an institutional educational building by applying sustainability 
concepts throughout all the stages of the design process delivery. This latter was applied from design 
conception to construction detailing process, by utilizing a set of tools – such as climatic and 
microclimatic analysis - to maximize the environmental and sustainability performance of the projects. 
In particular, this paper analyzes tools such as the site microclimatic matrix, as support to the climatic 
considerations about different technological choices for heating and cooling systems; and to the 
architectural approach definition. This paper synthesizes and presents guidelines that can contribute 
both to the educational and professional design experience.  
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1. Introduction 

The scientific progresses achieved in the studies of environmental systems and technologies in the last 
decades seem to be different from the debate about the aesthetic of sustainability, which seems to have 
fallen behind the interest of professionals and academics. The projects categorized as ‘sustainable’ are 
often defined either according to the number and type of environmental systems and technologies 
utilised, as well as their efficiency, rather than their architectural design approach (Brown and DEKAY 

2001). Furthermore, in several cases, the ‘sustainable’ label is associated with not-integrated 
juxtapositions of elements on already designed buildings, reducing the quality of interventions (e.g. 
technological, esthetical, and operational) and increasing the cost for their inclusion (Chiesa, De Paoli, 
2014; Pagani 2014; Kiviniemi 2012).  
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The contemporary examples of ‘sustainable’ architecture show a number of different aesthetic 
approaches that designers seem to have undertaken. These approaches span from the more literal 
design solution of ‘environmentally aware’ buildings, in which the relation with the natural resources 
was conceived as a design tool; to the more technology oriented approaches, where technologies and 
environmental artificial systems became expression themselves of an architectural aesthetic (Grosso, 
Chiesa, Nigra, 2015). The dichotomy between these disciplines, especially between architecture 
composition and building technology – both in the profession and the academic world – reflects its 
characteristics on the design education processes. In spite the fact that, by-and-large, having an 
‘environmental awareness’ is perceived as an obvious approach to design, the ability of merging 
technical environmental knowledge to the design process as a integrated design enriching tool seems to 
be far from being a consolidated approach, at least in the current educational system in Italy. This paper 
presents a methodology, which was applied and improved in several years of both didactical and 
professional practice (Chiesa, Grosso 2015; Nigra, Marfella, 2014; Grosso, 2011; Grosso, 2005), that aims 
at integrating these different aspects since the building programming design phase. This method 
reached very good results reducing the friction between esthetical and technological requirements, the 
design time (everything is more integrated since the programming phase), and increasing the quality 
levels of the final building. These results were confirmed by the very high appreciation levels reached by 
this course.  

2. The challenge of teaching architectural design in a changing world – 
theory versus reality  

During the preparation of the final design studio titled Sustainable Design of a Building and its Services 
(SuDBuS), carried out during the first semester of the academic year 2014 – 2015 at the Polytechnic of 
Turin for the Master of Architecture and Sustainability, it was clear that one of the goal to set was to 
educate the students to consider environmental technical knowledge as an embedded aspect of the 
design decision making process. A sequence of the phases characterizing the design process in relation 
to environmental and technological aspects is shown in figure 1.  

Specifically, the challenge that was posed was answering the following question: ‘Is it possible to 
tease out aesthetic design alternatives based on and informed by microclimatic site analyses, rather 
than merely comply with normative framework and economic conditions? Is it possible to utilize a 
‘technique-follow-form’ approach today?’. The novelty of this approach - at least for the Polytechnic of 
Turin - was to show the students how the use of their technical knowledge as a contribution not only to 
the creation of fit for purpose projects, but also as a tool that can help define an aesthetic direction in 
the design decision process, and enrich their compositional skills, which are often left behind the 
technical priorities in the design studios. 
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Figure 1: Sequence of the design process according to the sustainability approach. 

3. The experience on the atelier in Turin 

The Final Design Studio Sustainable Design of a Building and its Services (SuDBuS) intended to offer to 
students an experience of design development of a building and its services according to environmental 
compatibility and energy conservation approaches as well as using advanced innovative technologies.  
This Final Design Studio comprised the contribution of three disciplines: Architectural Design, Advanced 
Environmental Technology, and Environmental Control Systems. These three disciplines were treated as 
a single integrated subject that could enrich the design process among all the technical requirements 
that the students were asked to answer to.  

3.1. Program and objectives 

The program of the design studio called for the design of a complex iconic building design project, to 
test the ability of the students in both proposing innovative design solutions, and managing the 
complexity of the environmental systems required. To this end, an existing competition brief was 
selected as an occasion to test the ability of students to deal with real and challenging program 
requirements. The brief selected was the one for the New ABP Building Faculty for The University of 
Melbourne.  This brief was selected because it called for a complex project characterized by outstanding 
design solutions, and environmental sustainability awareness. The complexity of these characteristics 
allowed establishing the following objectives: 1) the exploration and understanding of the multi-layer 
meaning of the concept of sustainability in the design and delivery of a complex project; 2) the 
development of an appreciation of the processes of design development and its relation to advanced 
technologies and sustainability concepts; 3) the understanding of multidisciplinary role of sustainable 
research and development during design development to achieve high quality design solutions.  
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3.2. Methods 

The method utilized to achieve the objectives defined six connected assignments across the three 
disciplines treated in the subject and assist the project development progressively. These six 
assignments were: 1) the analysis and design of social and functional sustainability of the spatial 
organization; 2) microclimatic and wind analysis on the site to assist the volumetric alternative definition 
and design; 3) technological system research and architectural design definition; 4) façade, envelope, 
shading and solar systems design definition and analysis; 5) natural and assisted ventilation and 
evaporation system definition in conjunction to construction system design definition; and 6) 
construction details definition for the relation between architecture and technological systems. For each 
of these assignment, the students had to undertake research on existing built projects, understanding 
systems and design solutions, and to design an innovative solution for each part, answering to the 
following questions: ‘Does your design propose innovative design solutions? How does your design 
decisions seek passive solution to the energy saving issue? What is the aesthetic of sustainability that 
your design propose?’ These questions were posed for each assignment as reflection of each phase of a 
project design development. The significance of this method is that it allowed the students to merge the 
design process with the technical knowledge and data learned as a system to define creative guidelines 
to establish a direction for the definition an aesthetic of sustainability, on the top of the ability of 
proposing project solutions fit for purpose and energetically sustainable. Beside a number parameters - 
such as meeting of the agreed deadline, scope and completeness of information; degree of legibility; 
and engagement of technical problems and sustainability principles - the work produced by students 
was critiqued by assessing the ability of their projects answered to the following questions:1) Does the 
work stem from a progressive sequence of rational decisions to develop the initial design proposal, 
based on the microclimatic analyses undertaken? 2) Does the work provide efficient technical design 
solutions developed on the basis of the results of the initial microclimatic analyses? 3) Does the work 
express a clear cultural, socio-economical or aesthetic statement through technology and sustainability 
principles? 4) Does the work incorporate awareness of ESD and/or reasonable economic decision-
making based on sustainability initial analyses? 5) Does the work show an autonomous personal 
initiative to express strong design intent? 

3.3. Project outcomes 

The outcomes of the applied method in the design studio were the achievement of a number of 
outstanding projects that demonstrated the ability of the students to understand the posed tasks, and 
to propose design alternatives that respected the technical call for sustainable systems as well as the 
ability of exploring the aesthetic aspects of sustainability as general design approach. The first 
assignment allowed the understanding during the preliminary phase of the project of the implication of 
social sustainability in early design decision-making. The second assignment allowed the understanding 
of the areas of the site in which the function required the users needs were more suitable for the 
requirements.  

The environmental aspects were analysed using the site microclimate matrix in order to localise 
correctly the building to be designed, considering solar radiation and seasonal prevalent wind flows. 
Figure 2 shows an example of this analysis.  
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Figure 2: Site microclimate matrix analysis (proposal by Federico Brescia, Giacomo Del Bergiolo, and 
Silvia Sereno Regis). 

On the basis of the data analysed a number of volumetric design alternatives were explored and 
defined in relation to the spatial distribution in the building.  

 

Figure 3: Examples of social and functional sustainability analysis and Example of design process in 
which the volumetric organization was defined to maximize the characteristics of the site, previously 
explored by the microclimatic analysis (proposal by Mamak P.Tootkaboni, Danial Mohabat Doost, and 

Xiaochen Song). 

The third assignment lead the students to study compositional aspects – such as geometries, shapes, 
volumetric design, balance, harmony, et cetera – in relation to technological systems used, in such way 
that students could propose an architectural language that can represent a design language for 
sustainability.  
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The fourth assignment allowed the students to utilize the wind and site analysis to define design 
solutions that can both optimize the site conditions and create spatial design challenges and 
opportunities, such as the use of atriums, vertical circulation spaces not only as a design opportunity but 
also as solar chimney, wind tunnels and evaporative towers. 

 

Figure 4: Design proposal based on the wind analysis data and proposed ventilation systems (proposal 
by Mamak P.Tootkaboni, Danial Mohabat Doost, and Xiaochen Song). 

The fifth assignment focused on the use of the climatic analysis to determine the performance and 
specifications of the main façade components defined in the project proposal. Specifically, glazing 
characteristics, shading devices, and ventilated façade rain screen were selected ad-hoc for each façade, 
according the exposure and characteristics, elaborated in the micro-climatic analysis. 

The sixth and last assignment allowed completing the project by offering the students the 
opportunity to develop construction details that both became essential for the overall design and 
architectural language definition (see roof design in figure 6), and defining ad-hoc technological 
solutions that could contribute to the technological sustainability of the project. 
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Figure 5: Example of design process to establish modules, patterns and shading devices in a façade 
design proposed according to the solar analysis on the façade, based on the micro-climatic analysis 

(study by Mamak P.Tootkaboni, Danial Mohabat Doost, and Xiaochen Song). 
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Figure 6: Example of construction detail as design opportunity. The roof design was achieved in 
conjunction with the development of an ad-hoc drainage construction system that could slow the 
drainage process and reutilize the rain water (proposal by Michele Giannini, Samuele Marino and 

Giacomo Pillitu). 

4. Reflecting on the experience 

The first interesting project outcomes was to notice the different – and sometimes diverging – 
architectural characteristics between the recently built ABP Faculty Building of The University of 
Melbourne, and the projects proposed by the Final Design Studio in Torino, from the orientation of the 
building to the final technologies selected. Moreover, the ability of using a site-climate based analysis, 
design phases and design parameters represents a design methodology that can be applied through all 
the phases of project delivery. This methodology could assist in both considering technical parameters, 
and optimizing design solutions, without impinging on the creativity side of the design process, which 
instead informed on a number of potential design alternatives. Moreover, this methodology could assist 
the development of specific requirement schedules for each technical element, and support the testing 
of the quality of design choices and their optimization (Grosso, Chiesa, Nigra 2015). From this 
experience, it is possible to underline that: 1) site analyses have to be performed before sketching, in a 
pre-design phase; 2) activities-needs analyses can be developed in parallel; 3) results from these steps 
can be integrated in a “virtual building organization” that aims in helping designer to develop their 
creativity without forgetting technological and environmental aspects connected with the specific 
project.  
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Figure 7: The image shows the design parameters that can be informed by the use of microclimatic 
analysis for each phase of the design process and delivery. Above the blue band the design process is 

summarized in its phases and characteristics. Below the blue band the design parameters that be 
enrich/integrated by the use of the micro-climatic analysis are listed for each phase of the design 

process.  

5. Conclusions 

Environmental building programming and site-climate analysis can provide the students of architecture 
with the ability of open an informed discussion on the role of design within the sustainability approach 
to buildings. Having a number of design alternatives directly informed by the environmental context 
could contribute defining a new architectural language that consider all the approaches that have been 
taken so far in the history of architecture until now, and implementing them toward an integrated 
language between design and technology. This language could potentially produce a variety of buildings 
that, not only try to limit energy consumption and resources depletion, but that are able to express the 
identity of those buildings. At the same time an environmental and technological approach to design, by 
using the performance-driven approach since the preliminary design phase, is essential for considering 
these issues in the design process evaluating different compositional solutions and suggesting possible 
optimization procedures. 
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