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Abstract: The aim of this paper is to showcase the living and learning approach taken in the design of 
University of Arizona’s EIB. The design process focused on creating a highly energy efficient design by 
integrating passive environmental design techniques, producing renewable energy on-site and meeting 
building energy performance standards. The EIB has a floor area of 136,000 GSF and was budgeted at a 
cost of US$42 Million. The 5-storey building serves all advanced engineering research disciplines at the 
University of Arizona. The objective of this building was to create a learning experience for the building 
users by emphasising innovative techniques within the building. One of the key enablers for this living 
and learning approach was the adoption of an integrated design process. As part of this design process, 
key environmental considerations drove the building’s geometry, which included maximising access to 
natural daylight and ventilation as well as a focus on water efficiency and the use of Xeriscaping and 
shading. Analysing its performance using the software tool e-Quest in conjunction with the wind tunnel 
modelling and overcast sky simulation validated the as-designed performance of the building. The 
building is targeted to be LEED Platinum certified. As results of simulation and experiments, more than 
85% of the internal spaces are daylit and 65% of the spaces are naturally ventilated resulting in a 20% 
saving in total electricity consumption, of which 25% saving on lighting and a 15% saving on cooling 
loads compared to a conventional building of this type. In addition, a wind tunnel evaluation was 
conducted to assess the EIB’s performance when exposed to prevailing wind. This was also used to 
define the most effective locations and sizes of openings in order to funnel the wind into the building’s 
atria and main courtyard resulting in a further reduction in cooling loads. 
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1. Introduction 

The EIB, Engineering Innovation Building, is a Platinum LEED Certified educational building at the 
University of Arizona (UA) – USA. It is allocated between major streets and buildings on campus, which 
reflects great importance due to its pivotal location at the UA’s campus. The building is intended to 
serve all engineering advanced research disciplines consisting of Research Labs, Student Innovation 
Centres, Student/Faculty offices and the Dean’s quarter. The intent of this building was to combine all 
the research disciplines into one building to ensure cohesive collaboration between different trades. The 
main goal was to provide a user-focused design approach, to facilitate continuous formal and informal 
collaborations between all the students and faculty whom are conducting research. Therefore, 
University of Arizona referred required collaboration between the graduate students and the 
Architect/Designer firm (Smith Group JJR) to provide state-of-the-art strategies to fulfil their goal. 
Although the proposed strategies recommended were not merely innovative, the collective team 
process clearly re-identify “the users” as the main idea behind University of Arizona’s Iconic Engineering 
Building by opting to embrace passive sustainable strategies that evoked the hot arid climate. 

 

 

Figure 1: Main street’s View - The Users in lieu of Flexibility, Collaboration, & Innovation (by PI) 

 

 

Figure 2: Main courtyard’s experience, a high 
traffic route within the project that connects 

students with the rest of campus. (by PI) 

 

Figure 3: Flexible, high-tech collaborative nodes, 
through writable walls and windows, allowing 

every walking experience to become a learning 
experience. 

EIB demonstrated that sustainability could be achieved without being dependent on a financial arm. 
The design’s main philosophy was to foster an energy saving design that educates the stakeholders, by 
developing a living + learning building and embracing passive environmental techniques while producing 
renewable energy. The effective passive design process paved for an efficient energy modelling and 
design assumptions that fulfilled the client’s aim without additional cost. Not only did the design 
promote reduction of energy usage, but also encompassed an adaptive bio-skin façade to generate 
renewable energy while reusing grey water (ELZomor-AZ water conference, 2015); that said, the 
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prophecy was to feature a learning experience to building users, by highlighting sustainable techniques 
within the building as a living tool of education. This intent is answered as the following statement: “The 
Environmental Factors Forced the Building’s Geometry”. The EIB is a living building in terms of being an 
interactive and structure that shall be used as a dissemination tool to teaching its users. 

 

Figure 4: Revolution of the Design (by PI) 

2. Design drivers 

2.1. Natural daylight 

 

Figure 5: Natural Daylight Penetration to the Spaces (by PI) 

EIB is an education building, therefore the users will generally utilize the building during daytime, 
and thus the design ensured that 85% of the spaces are naturally daylit. Sufficient natural daylight will 
entail reduction in artificial light and energy use of the building. A study has been conducted to ensure 
penetrating 100% natural light to lab spaces requiring light. 

2.2. Natural ventilation 
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Figure 6: Coupling the Air into the Spaces to Induce Natural Ventilation (by PI) 

Sculpturing the design of the building’s form to accommodate 3 atria and a courtyard, has governed 
the natural airflow into the spaces. Based on the movement of air, the design warranted that 65% of the 
spaces are naturally ventilated. 

2.3. Collaboration 

 

Figure 7: Creating spaces that bring the users together (by PI) 

Collaboration within the design is not about one dedicated space; it’s about creating spaces that 
bring the different users together. The design strategy that was executed was to alter all the 
circulation/corridors into interchangeable collaboration nodes encouraging the users to collaborate. 

2.4. Flexibility 

 

Figure 8: Generation of the Grid (by PI) 

Crafting responsive spaces to different users and climatic changes. Since this building serves 
anonymous/changeable users, flexibility was a major concern while designing. Therefore, the designers 
decided to introduce a 15x15 grid then crafting responsive spaces fulfilling the users’ needs; the 15x15 
grid serves the depth that light travels into spaces, which could be increased by the borrowed light 
theory. 
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2.5. One lobby and campus connectivity 

 

Figure 9: Celebrating ONE double height Entrance Node to the Building to act as a showcase to the 
users (by PI). 

2.6. Interaction with Speedway street 

 

Figure 10: Elevating the Frontage Ensured Inner Views to the Courtyard from the Street (by PI) 

As an Iconic building, it is very important to showcase the inside of the building, therefore elevating 
the ground floor of the south building overlooking the main streets, to increase the depth of vision in 
addition to allowing the southeast prevailing winds to enter the court and flood the building with 
natural ventilation. 

2.7. Innovation 

  

Figure 11: Renewable Energy - PV Sockets & Algae Facade (by PI) 
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As this building indicates, the out of the box factor was implemented by utilizing flexible photovoltaic 
sockets, writable walls, transparent flexible organic PVs, Screen Columns… etc. 

2.8. Façade treatments 

 

Figure 12: Each façade was treated differently based on the usage behind it and its orientation. (by PI) 

The design considered the solar heat gain and the usage when designing the facade; therefore, the 
effective façade design paved for an efficient design modeling. As previously mentioned the building 
elements need to provide a learning environment for the users, as well as achieve the intent of its 
design. As the sun shines onto each façade differently a corresponding treatment must be considered. 
For example, the north façade pre-calculated fin lengths to block the low angle sun and allow diffused 
lighting, while the east façade has a copper double skin with perforations designed differently for north 
and south facing orientations. 

 

3. Environmental and passive design strategies 

The EIB fulfilled all the design intended goals by incorporating passive strategies in addition to 
magnifying the user’s flexibility and educational experience. Some of the major architectural attributes 
that were proposed were, providing natural daylight for more than 86% of the interior spaces thus 
reduces the need for artificial daylight. Correctly elongating the building to the East/West orientation to 
assure reducing the heat gain on the facades. Elevating the building on Speedway’s frontage plus 
funneling the prevailing wind into the main courtyard of the building. Introducing three atria within the 
building that facilitate supplying natural ventilation to 65% of the spaces. Providing Bicycle racks and 
showers to the users to promote and encourage the Users to use sustainable means of transportation, 
further to utilizing an access to the building from the nearby bus station. Installing more than 50% of the 
landscape pavement as an open grid system that is pervious materials. Further to designing seasonal 
seating areas within the landscape. The roof is to be painted white to assure high reflectivity surface. 
Further, to adopting sustainable materials within the project. The titled roof on top of the Atrium will 
include photovoltaic panels to generate renewable energy of the offices. A storage/recyclable room was 
allocated beside the loading bay to facilitate the reduction of waste generated by the Users and avoids 
disposing them into landfills. Ensuring controllability to the Lights and windows within each space so 
that the users achieve their comfort zones. Installing an under floor ventilation system that operates 
with less amount of energy; moreover, it provides convenience switch to the user of each space. 
Providing a clear line of sight to the outside courtyards for the Users, which increases the productivity 
rates and decreases absenteeism. 
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3.1. Building operation water strategies 

Water and energy are fundamental components of our 21st century life, but they can no longer be 
considered separated. This project describes the integration of water efficiency principles in tandem 
with energy conservation. The water/energy nexus is approached through a proposed four-legged body 
of knowledge addressing 1) Water Harvesting, 2) Water Reduction, 3) Water Reuse, and 4) Water Energy 
Generation technologies. Although water harvesting and water reduction have recently become 
common methods in building design, water reuse and water energy generation are relatively newer 
technologies that demonstrates greater promise to contribute to the affordability of water and its use as 
alternative energy sources. The environmental benefits gained from integrating water saving strategies 
to modify thermal conditions inside spaces. The modified environments would otherwise use energy to 
be achieved while the saved water will facilitate techniques for exterior landscape development. All 
technologies will include calculative methods; use of computer simulation, design monographs, and 
hands on inquiry based learning through laboratory sessions. Xeriscaping is an integral part of the 
design, thus the design provided seasonal seating areas to serve the users all year round; furthermore, 
installation of low water usage and native plants. The design developed a grey water system that 
collects water from bathroom and classroom sinks, shower, drinking fountains, air conditioning 
condensate and landscape to generate an evaporative cooling strategy by feeding a fountain that is 
allocated along the prevailing wind. The ordering system of the design was based on: (1) Environmental: 
Provide shades to the users & keeping the mass of greenery, (2) Economics: Maximize the number of 
users & cooling the air entering the site thus reducing the energy usage inside the building, (3) 
Functional: Continuation of the surrounding landscape & inviting users “when building meets plazas”, 
(4) Sociocultural: Offer the users an indoor/outdoor experience and (5) Aesthetics: Blending the 
landscape elements & features into the building. 

3.1.1. Landscape design 

 

Figure 13: Incorporating seasonal outdoors seating 
and proposing low water use/native plants (by PI) 

3.1.2. Legged water research venue 

 

Figure 14: Utilising science to reduce uncertainty 
by "Developing and Integrating a 4-legged water 

curricula in architecture education and design 
application" (Youssef - Universities Council on 

Water Resources Las Vegas, 2015)  (by PI) 
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3.2. Educational paradigm cloud 

Celebrates the users and invites participation to think about the making and engineering of 
surrounding structures. The unexpected performance provides the user with a dynamic dance 
experience, as it provides different sources of shades, shadows and light reflectivity. Structural 
performance results in environmental and socio-cultural benefits. 

 

 

Figure 15: The Cloud wraps the building providing a double skin/shading, an indoor lighting feature; 
Different perforations based on the orientation formation of the Cloud (by PI) 

The Cloud is a formal concept protection for the Dean’s quarter and Sponsors. The Double Skin 
Cloud protects the exposed East façade of the building from the harsh desert sun; furthermore, 
integrated LED lighting that helps define the circulation route during dark days or nighttime. It acts as an 
engineering showcase providing shade for the users on the campus and especially shading the green 
way connection, with the assistance of surrounding trees. The perforations on the parametric cloud, 
have different sizes that vary towards the south and north orientations. The bigger perforations point 
towards the North and smaller perforations point towards the south. Not only does the cloud provide an 
iconic shading system and way finding mechanism, but also it was utilized as a water collection, storage 
and delivery of rainwater to the EIB. The scarce source of water in the hot arid region convinced the 
design to opt for such an innovative solution for rainwater harvesting. 

3.3. Furniture design 

 

Figure 16: Flexible, Adjustable & Refurbished furniture (by PI) 

Different collaborative nodes have been designed to tailor all potential needs of the users. Furniture 
designs enhance the brainstorming and collaboration thus providing unique approaches to multi-
purpose spaces supports a variety of collaboration styles. Transparent walls balance workers’ desire for 
access to daylight and exterior views with the need to acoustical privacy. Moveable walls can be easily 
reconfigured to convert individual offices and conferences areas to an open environment. Maximize 
space utilization and transparency with an open benching application. Provides a welcoming touchdown 
space for mobile workers or creates a shared space that promotes negotiation and the exchange of 
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ideas. Freeform, freestanding workspaces are to be designed and reconfigured to meet team needs and 
differing work styles; the open atmosphere encourages the quick exchange of ideas. 

3.4. Generating renewable energy 

Although the widely used strategy of generating energy is the PVs, another new technology was 
proposed for further development and research that is an intelligent bio-adaptive algae façade. The 
algae façade not only highlights a vivid façade, but also provides a venue for researchers at EIB. 
Nevertheless EIB has adopted a new technology that has been researched at UCLA, which is the tandem 
cells that almost doubles the panels absorption of light (Dou et al., 2012). 

3.4.1. Photovoltaic panels 

 

Figure 17: Sloped Roof with - The Tandem - 
Structure Transparent Flexible Organic 

Photovoltaic (TPOV) (by PI) 

3.4.2. Bio-adaptive algae facade 

 

Figure 18: Providing an advanced renewable energy 
research venue to the users which is a 1,440 ft² 

south oriented Bio-adaptive Algae façade 
generating about 9,400 kWh annually (by PI) 

4. Validation Methodologies 

4.1. Wind tunnel testing 

The wind tunnel test was conducted using the Wind tunnel equipment allocated within the House 
Energy Doctor Lab at the University of Arizona, one of few founded at United State schools. Building a 
one to one model to facilitate testing and validating the impact of wind on the structure; therefore, 
endorsing the location and sizes of opening that funnel the wind into the building’s atria and main 
courtyard. The assurance that the required wind passes into the programed spaces reflects minimizing 
the amount of energy required for cooling. 

The Stack effect in the atriums is tested to ensure the sizes and performance of the wind 
movements. Furthermore, the wind tunnel confirmed the successfulness of the cross ventilation within 
the spaces. Finally since some of the roof slabs were designed to be tilted, testing the strategy of 
generating different pressure zones which act as a pulling force to hot air from the atria was confirmed 
by the wind tunnel test. 
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Figure 19: Wind tunnel equipment that evaluates design performance when exposed to prevailing wind 

4.2 Overcast sky simulator 

Due to that EIB is allocated in Arizona which is a hot arid region, the shading strategy was the most 
crucial to insure the merit of the design. A physical model was used to investigate light movement and 
render calculated through space. This exercise is both a qualitative and quantitative study of daylighting 
conditions. Using the House Energy Doctor’s “Artificial Sky Simulator,” the assessment of light 
distribution pattern was analysed through photometric measurement. This test resulted in evaluating 
the shading strategies that confirmed its effectiveness in minimizing the electrical and cooling loads. 

 

 

Figure 20: Results of the various e-Quest strategies adopted at the EIB (by PI) 

A section through the artificial overcast Sky simulator shows the component of Mirror-box that 
facilitates testing the impact of the lighting intensities during the overcast (1700 lux) and clear skies 
(2200 lux). Sensors are placed inside the model to test for glare conditions and light intensities. 

4.3. Parametric analysis 

The design was validated by the e-Quest energy software, which facilitated the emphasis of the 
user’s experience in terms of the human comfort along with the user’s collaborative liveable spaces. The 
evidence based design strategies were utilized, as a living building to aid University of Arizona’s students 
and researches realize the impact of an energy efficient healthy building. The parametric analysis proves 
the positive impact of the sustainable design. Referring to U.S Energy Information Administration / 
Annual Energy review 2011, lighting load represents the highest percentage electricity consumption in 
commercial buildings. Thus reducing the lighting load in IEB was one of the main priorities within the 
design. After studying different alternatives, the design was evaluated incorporating the atria by e-Quest 
software to validate the results of reducing the artificial loads. 
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Figure 21: Results of the various e-Quest strategies adopted at the EIB 

 

Figure 22: Potential benefits and savings 

5. Conclusion 

EIB will leverage knowledge and evidence based design strategies that optimize health and 
wellbeing to the building users. The design display the developing passive tools, techniques and 
approaches to support design, research, and practice, including sustainability-focused and renewable 
projects: computer modelling, data acquisition systems, light sensor loggers, and advanced photography 
techniques were all used to fulfil the design intent and goal of the project. The aim of this research is not 
to explore the intricacies of an innovative research, but rather illuminate the fallacies that obstruct the 
implementations of such designs. The University of Arizona took the initiative and opted to get an active 
design from students whom will inhabit the EIB, thus guaranteeing that most of the user’s requirements 
would be fulfilled and achieved. That being said, this research is based on a living case study that will 
foster the learning of its users everyday. Students tend to learn by various means, one of which is the 
living learning experience that usually lasts forever. The users will inevitably learn and apply the basic 
concepts of sustainability to various researches when living within the EIB’s showcase. Not only 
engineers and architects, but also bio medics, chemists, nuclear scientist and any other researcher will 
learn from the EIB. The EIB is regarded as a dissemination tool that educates all its users along with the 
public. 
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