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Executive Summary  
Globally, 140 billion metric tons of agricultural by-products (ABPs), equivalent to 50 billion tons of oil, are 
generated every year from agriculture (FAO 2010), linking this renewable energy supply base to rapidly 
increasing human population growth rates and demand for material resources. The integration of clean 
materials, in the form of post-agricultural coconut waste by-products, is proposed for the HBGD Unit as an 
ecological approach to material life cycle development that addresses human health, environmental and 
economic security. Since 2007, coconut-ABP biomaterials have been developed by the Center for 
Architecture, Science and Ecology (CASE) in partnership with innovative biomaterials industrial partners 
in Ghana and upstate New York that are leading a shift from hydrocarbon to carbohydrate-based material 
resources for sustainable development. The upcycling of coconut agricultural by-products is aimed to 
provide affordable yet mechanically robust building materials and air quality control technologies for high 
thermal stress environments. The design of building integrated coconut materials will be developed 
according to appropriate technology principles, that take advantage of contextual resources within the 
HDGB unit’s physical, economic and social environment. The impacts of the material life cycle proposed 
by coconut agricultural by-products eliminates the substantial economic costs for raw materials and 
synthetic resins such as urea-formaldehyde, phenolic resins and isocyanates commonly used in 
competing fiber, particle and reconstituted wood industries, which represent a major economic barrier for 
building sector growth and a source of harmful emissions within indoor environments. By engaging local 
natural resources and knowledge economies, the Clean Materials framework expands the extent local 
target groups play in the design and evaluation of building systems, as opposed to merely being the 
recipients of imported technology.  
 
Problem Statement 
Given that humans increasingly spend long periods of time indoors (EPA 2013), building materials are 
direct determinants of human health, often serving as a long-lasting source of chemical emissions 
embedded within materials produced from energy intensive, toxic methods (Ezzati & Kammen 2001, 
Smith 2002, Mishra & Retherford 2007). Within developing urban contexts, the increasing use of imported 
synthetic, high embodied energy materials for building, has resulted in indoor environments that place the 
most vulnerable groups in society—pregnant women and infants—at the highest exposure risk to 
environmental high heat-humidity stress and air toxics associated with a range of acute and chronic 
diseases (Perera et al. 1999, Cohen 2005). Previous work studying impact of thermal stress on perinatal 
health (Lajinian et al, 1997, Wells and Cole 2002, Dadvand et al, 2011) have linked high heat-humidity 
indices to significant reduction in gestational age and low birth weight.  However such studies have been 
limited in their ability to find causal relationships between perinatal health and air quality variables due to: 

 broad assumptions used to assess exposure risk and episodes 

 lack of satisfactory accounting for medical history and nutritional data on study populations  

 lack of data on maternal time-activity patterns and environmental exposure 

 inadequacy of subjective built environment data and air conditioning technologies  
The deployment of clean-material systems, in the residence of maternal subjects, affords an 
unprecedented degree of building material system integration that will allow beneficial environmental 
mitigation alongside monitoring capacities that carefully addresses exposure risk assumptions in prior 
studies. By linking the operation of coconut-based air conditioning systems to maternal time-activity 
patterns, other factors relation to maternal internal heat production and exposure duration can be 
effectively accounted for.   
 
Scope of Work and Approach 

The scope of work for ‘clean materials’ within the HBGD proposal, includes:- (i) a six-month 
scaled-up development of building integrated coconut modules into affordable structural components and 
building material framework for thermal, moisture, pollution control and environmental monitoring (ii) 
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parallel-track field assessment of test-bed environmental data and identification of target maternal groups. 
(iii) development of experimental protocols for testing multiple building material interventions on indoor 
thermal and air quality conditions (iv) test-bed data collection period over twelve month period and (v) 
identification of environmental factors, influenced by building material intervention, that can be linked to 
target maternal health outcomes or intermediate biomarkers.  Each phase will be evaluated by a stage-
gate process, with evaluation metrics, that will enable clear tracking of outcomes and assessment of 
progress.  
If the cause of maternal 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. By using the HBGD 
testbed unit as a site of risk prevention, data collection and activator for local economic development, the 
long term goals of ‘clean materials’ aims to  (i) develop a high resolution environmental and aerobiome 
database from testbed site  (ii) develop and apply consistent testing infrastructure and methodology for 
isolation of the impact of building material on the thermoregulation and indoor air composition (iii) identify 
links between environmental data, maternal exposure and health outcomes from both the testbed (iv) 
drive the development of building material technologies and associated urban policy initiatives at local 
and national levels geared toward maternal health and sanitation security and (v) socialize appropriate 
building principles for emerging ‘low-tech-high performance’ material technologies within biomass-energy 
dominated contexts. 

 
Organization Fit and Capacity 
The proposed approach for the design, function and utility of the HBGD unit towards maternal and infant 
health outcomes, takes advantage of cumulative interdisciplinary research trajectories at CASE, which 
have developed over the past decade in partnership with global academic and industrial institutions. By 
leveraging these long-term multi-institutional partnerships, a cross-cultural educational framework to drive 
integrated metrics and value systems for holistic building performance and evaluation is constructed. By 
engaging innovative local industry, academic and women empowerment groups in the development and 
building of the HBGD unit in testbed contexts, a framework for the long term monitoring and data 
collection period occurs in relation to sustaining local community’s capacity to meet projected health and 
energy security challenges. The approach offers partner stakeholders and women new forms of political, 
technical and economic agency in offering models of health and economic resiliency in developing 
contexts.  
 
Current and potential partners in New York and within testbed sites include: 
-NY State industrial partners - Ecovative, e2e Materials Ltd. 
-Ghana Academic Collaborators- Ashesi University, University of Ghana 
-Ghana Industrial Partners - Wienco Gh Limited 
-Ghana NGOs Urban Development- Housing the Masses, LowDo Design 
-Ghana Health – Maternal Health Channel Network, Marie Stopes International, Path International, Eni 
Foundation 
-Ghana Health Service 
 
Geographic Locations to be served and location(s) of the work: 
-Jamestown, Ghana 
-Ashesi University Campus, Ghana 
-Brooklyn Navy Yard, NYC 
-Metro Manila, Philippines / Indonesia (coconut supply) 
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