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Executive Summary:  
The Center for Architecture Science and Ecology at Rensselaer Polytechnic Institute, in a 
transdisciplinary research cohort, is proposing physical and computational testing of active air flow control 
technology for healthy, safe air management systems integration that is adaptable on a global scale, 
while keeping the standards for air quality and temperature within healthy ranges.  The proposed work 
aims to provide low-cost air quality improvement and thermoregulating systems to underserved 
stakeholders comprising rapidly growing low-income and at-risk urban communities with consistent 
exposure to PM 2.5 and Black Carbon, for whom contemporary air management and delivery systems 
could be detrimental in terms of both health and economic impacts (WHO 2012). We are conducting 
research and development of next-generation systems, through laboratory-scale testing and full-scale 
physical test-bed implementation, which stand to fundamentally change the processes of air management 
and delivery from highly compromised urban exterior air to interior occupied environments through a 
holistic lens of critical energy, health and well-being design metrics. This work is expected to advance 
accessibility to clean, healthy air and associated economic impacts for globally at-risk communities. The 
work will be critically evaluated for these impacts using numerical estimation validated by physical sensor 
networks in full-scale.       
 
Problem Statement 
United Nations projections estimate that 60% of people will reside in urban areas globally by 2050 (UN 
2014). Urbanization and the resulting confluence of air quality issues have been linked to millions of 
cases of premature mortality worldwide (WHO 2014). Urban building design, combustion emissions, cook 
stove ventilation, and other air management processes in rapidly growing urban environments are 
contributing to poor air quality (AQ), with disproportionate impact on respiratory health in economically 
disadvantaged global communities (Jung 2012). Currently prevalent air management systems (e.g., 
mechanical HVAC) consume an unsustainable fraction of total energy worldwide, contribute to growing 
urban combustion emissions and worsen respiratory health symptoms for building occupants (Clougherty 
2013). 
Exacerbated by the effects of global climate change, these compounding phenomena indicate the need 
for innovation in air delivery strategies that address all three of these urgent issues: energy consumption, 
human health impact, and pollutant emissions. CASE has employed the expertise of a transdisciplinary 
team across multiple engineering sciences and design fields to develop novel next-generation building-
integrated airflow management and delivery technologies with the global community in mind: that 
consume significantly less energy, provide healthy and thermally desirable airflow conditions, and 
mitigate combustion pollutants. Employing unique technology transfer from aerospace engineering, our 
technological approach aims to innovate the delivery of cleaner, healthier air than prevailing systems by 
building transdisciplinary research expertise into low-energy technology that directly modifies the 
underlying airflow structures on which pollutant transport and thermal convection depend (Menicovich 
2014). Through such a holistic approach, we believe that building-integrated technological and design 
strategies for safe, low-cost remediation of poor AQ across global communities can be developed and 
deployed with lasting environmental, social, and economic benefits. 
 
Scope and Approach 
The active flow control technology we are integrating has thus far been demonstrated, in the literature 
and in economic study, to be inexpensive, robust, and extremely effective at modifying fluid flow around 
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and through buildings for the purposes of achieving conditions, dispersing aerosol pollutants, and 
enhancing biofilter and desiccant systems. Lab Experiments will include: 
1) Physical wind tunnel simulations using scaled models of buildings will demonstrate the potential for 
surface modulation and active flow control to reduce pollutant concentrations in the local air resource by 
changing the fluid airflow structures that surround buildings.  
2) Computational studies simulating the test-bed geometries will measure the potential of flow control-
integrated diffusion and distribution design to provide effective cooling to building test-bed occupants 
integrating fundamental aerodynamic principles into a distributed, low-energy approach of clean air 
delivery    
3) Full scale physical test-bed phase, conducted in two locations: New York and Ghana, in order to 
compare system performance potential across two distinct geographies and cultures, with different 
environmental characteristics.   
 
Measurement and Evaluation 
This work aims, through the unique test-bed facilities co-developed within the Gates Foundation platform 
provided in New York and Ghana. We will correlate the environmental performance of multiple integrated 
building systems to key health indicators while projecting long-term health, sustainable quality-of-life 
outcomes for the low-income communities we intend to serve with this project. Specifically, we are looking 
to identify concentrations of criteria pollutants within the test-bed interior that pose a health risk to building 
occupants, and to critically evaluate, using computational and sensor network methods, how much of an 
impact the system has on reducing airborne toxics to which occupants are exposed. Working from prior 
studies and literature, we will then make projections as to the potential health impacts of integrating the 
system on at individual and community scales. This scaling up procedure benefits from full-scale test-bed 
in real environmental conditions because of the numerous uncontrolled variables that are often 
encountered too late after a system has been deployed; therefore, we will additionally survey occupants 
and conduct Post Occupancy Evaluation procedures to assess not only quantitative air quality and 
thermal performance, but also qualitative performance over time.    
 
Organizational Fit and Capacity 
Our transdisciplinary team comprises the Center for Architecture Science and Ecology partnered with labs 
at Rensselaer in multiple engineering and sciences areas that are working on unprecedented 
technological developments with the potential to significantly impact building energy savings, ambient and 
indoor pollutant concentrations, and human health through the reduction of pollutant concentrations and 
the augmentation of partner filtration and desiccant technologies for healthy air delivery directly integrated 
into buildings. We have worked to develop innovative methodologies across our team in an effort to 
design highly novel and rigorous testing methods, allowing environmental system performance 
measurements and occupant feedback to be recorded and correlated. We believe that the novelty of our 
proposal lies as much in the methodologies we are developing, as in the transdisciplinary network of 
partnerships that will yield accountability and robustness in our approach. We have secured millions of 
dollars in US government and other organizational grants over the last decade, and have secured patents 
on multiple novel technologies and innovations. Only with our unique team structure has it been possible 
to productively cross-fertilize disciplinary expertise, knowledge, and methods towards approaches that 
are capable of addressing the multidisciplinary and multiscalar issues presented by health-related, 
ecological and energy trends in the global built environment.   
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