
 

         
 
 
HBGD Ecosystems Testbed: EXECUTIVE SUMMARY  
 
SECTION I 
 

The built environment has always played an inextricably active role in the health and 
development of the human life cycle, despite its depiction as a passive backdrop to more immediate 
markers of measurement and evaluation. Within developing contexts, the reliance of biomass for 
cooking and indoor space conditioning has resulted in air pollution profiles that have placed the most 
vulnerable groups in society—pregnant women and infants—at the highest exposure risk to 
environmental air toxicants associated with a range of acute and chronic diseases. For such contexts, 
which currently display a high reliance on lower energy ladder sources associated with these health 
exposure risks, any long-term knowledge framework for healthy birth, growth and development can no 
longer afford to propose solutions without addressing the economic and energy underpinnings of the 
health infrastructure that are manifested in the built environment. Despite substantial research over 
the last three decades linking utero development and maternal health to factor within the built 
environment ranging from exposure to outdoor pollutants (Perera et al. 1999, Cohen 2005), indoor air 
pollution (Ezzati & Kammen 2001, Smith 2002, Mishra & Retherford 2007), household sanitation (Butz 
1984), water purification (Esrey et al. 1991, Lee et al 1997, Jorgensen 2004) and sewage sanitation 
(Habicht 1988), such key epidemiologic studies have largely been quantitatively limited by 
methodological and analytic approaches which obscure qualitative data directly linking exposure 
attributable the built environment characteristics to specific maternal and infant response outcomes.   

In response to this knowledge gap, this project proposes a pilot study primarily focused on 
the built environment investigating the role of urban thermal stressors and indoor air pollution 
on fetal development, neonatal and maternal health. Through this study, using a controlled 
residential module unit equipped with novel energy harvesting and air remediation building 
technologies, this project aims to isolate and characterize the impact of environmental 
variables on mother-child inhabitants using highly integrated research methodologies. The 
employment of the household as a site for epidemiologic research advocates for an active shift 
towards culturally-situated interventions through an integration of research with technology transfer 
initiatives. It is through this contextual immersion within the home as a site of discovery and 
development that this vicious cycle underscored by poverty, poor quality of life and lack of access to 
basic utility services, which have driven neonatal and infant mortality, can be broken and concurrent 
pathways for economic development can emerge.  

If the cause of exposure risk to high concentrations of urban pollutants and thermal stressors 
in the developing context is firmly embedded and driven by the lack of alternative resources for 
survival and earning a living, then a long-term, sustainable solution to improving maternal and 
neonatal health cannot be proposed without offering a viable ecosystem infrastructure to meet such 
needs. The proposed site for this pilot study is Jamestown in Accra, Ghana, which offers a 
representative case-study for this relationship between socioeconomic home-based enterprises, high 
urban density, indoor air pollution profiles and climatic pressures.  

 
 

SECTION II.  
 

The ‘Ecosystems of Systems’ (EcoS) framework for the pilot residential test module, is 
centered on net-zero and appropriate technology principles, integrating the harvesting, remediation, 
storage and transport of environmental resources for the conditioning of the interior environment to 
ensure maternal and infant health. The proposed building systems are based on cumulative 
interdisciplinary research trajectories conducted at the Center for Architecture, Science and Ecology 
(CASE) 1 :- (a) Integrated Concentrating Solar Façade for energy harvesting (b) Active Modular 
Phytoremediation Systems for air remediation and pollutant degradation (c) Building Integrated Fluid 
Control Systems for effective ventilation (d) Coconut Agricultural By-Product Material Systems for air 
filtration and healthy material life cycles and (e) Integrated Sensor Network for Environmental 
Monitoring  and System Actuation. The concurrent functions of the EcoS as (i) a high quality 

                                                        
1 CASE is an academic-industrial alliance between Rensselaer Polytechnic Institute and Skidmore, Owings & Merrill that 

conducts research on next-generation building systems 



 

         
 
 
environmental data collection center and (ii) a conditioned residential module for human comfort and 
indoor air quality control, provides a rich framework for crosslinking mother-child health data with a 
range of identified environmental parameters.  
 The proposed timeline for this project will undergo a four-month project development and 
building phase of EcoS residential modules in collaboration with our industrial and academic partners 
in Ghana at Ashesi University. During this period, testing of established experimental protocols and 
training of personnel for biometric testing, field surveys, and environmental data collection and 
maintenance protocols will be parallel-tracked. The data collection period will occur over the a year, 
during which data will be collected in the form of (i) localized climatic data (ii) outdoor air pollution data 
(iii) indoor condition thermal and air pollution data (iv) building system performance data and (v) 
biometric data from the family unit in residence within the EcoS house and similar residential units in 
the surrounding setting for comparison. Data analysis and reporting on the conclusions from the pilot 
study will occur over the last couple months of the project’s duration.  

If preliminary results show (a) significantly improved interior conditions within the EcoS house 
as a result of integrated building systems performance as well as (b) a correlation between the 
environmental conditions within the pilot EcoS house as markers of improved maternal health and 
infant development, then future studies with the EcoS module will be proposed across three critical 
testbed sites (Brooklyn Navy Yard, New York City Bronx and Cairo). These contexts embody 
comparative global ranges in climate type, socioeconomic setting, urban density, pollution profile and 
energy basis that can serve as critical points of comparison. The long term goals of this project aims 
to  (i) develop a high resolution database on environmental pollution across a range of highly density 
informal urban settlements to post-industrial contexts (ii) generate fundamental urban biome 
characterization mechanisms that can be deployed in comprehensive environmental analyses for 
epidemiological research (iii) apply a consistent methodology for isolation of the impact of built 
environment factors on maternal and infant health (iv) drive the development of technology and urban 
policy initiatives at local and national scales within the developing context associated with proactive 
impacts on infant health and development and (iv) socialize appropriate building principles for 
emerging net-zero technologies globally. 
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