
 

         
 
 
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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HBGD Ecosystems Testbed: ECOSYSTEMIC APPROACH  
  
The BEE Unit: A new ecosystem paradigm to address the effects of Climate Change and the built 

environment on healthy birth growth and development (HBGD).  

 

Keywords: Ecosystemic Approach, Climate Change, Built Ecologies, Adaptable building systems 

 

Executive Summary: 

The Center for Architecture, Science and Ecology (CASE) proposes an adaptive and resilient framework, 

the Built Environment Ecosystem (BEE) Unit, which applies an ecosystemic approach to comprehensively 

and simultaneously test the impact of multiple environmental factors on maternal and child health. The 

mother and child groups living inside a series of BEE units will be monitored for specific health indicators 

alongside continuous environmental monitoring over a period of two years. The acquisition of health 

indicators data, led by CASE collaborators Entertaining Health, will be correlated to environmental data, in 

order to investigate the relationship between built environment factors and the three outcomes outlined by 

the Bill and Melinda Gates Foundation’s HBGD program: 1) preterm birth; 2) stunted physical growth,  and; 

3) neurocognitive impairment. We hypothesize that an ecosystemic logic is necessary for addressing the 

living conditions of the most vulnerable, yet the new ecosystem must be resilient and independent of local 

and regional infrastructure for the delivery of basic requirements for clean air, water and energy. We 

propose to take an ecosystemic approach to addressing global environmental problems, through the 

smallest units for basic housing, to create a new self-sufficient paradigm for the delivery of these basic 

services while also addressing social, environmental and economic sustainable development allowing the 

neediest communities to actually lead the way for sustainable methods of providing clean, sustainable 

environments in the face of increased urbanization and growing climate change.  

 

Problem Statement: 

The anthropomorphic consumption and burning of of fossil and other bio-based fuels is a causal effect of 

climate change, with an increasingly immense impact on human health and well-being (Haines et al., 2006; 

McMichael et al., 2006). Climate change and air quality are closely coupled, with climate change greatly 

impacting air pollution levels (EPA, 2011). In 2012, the WHO attributed air pollution to 7 million deaths 

worldwide. Household air pollution (HAP) accounted for 4.3 million of those deaths (WHO, 2014) and 13% 

of those were children under 5 years of age. HAP is linked to pneumonia: the number one cause of death 

among children under five years of age (Rehfuess et al, 2006, MDG-UN, 2015). Poor air quality and indoor 

air pollution, primarily caused by burning biomass fuels, is also related to the second largest cause of death 

among children of this age group, namely preterm birth (PTB) (Blencowe et al, 2012; Rehfuess et al, 2006; 

Zulu and Richardson, 2013; Fullerton et al, 2008). Obstetrical problems (Zulu and Richardson, 2013) such 

as still births and reduced birth weights (Mishra et al, 2004), respiratory infections including pneumonia, 

tuberculosis and chronic obstructive pulmonary disease, (Fullerton et al, 2008), and chronic nutritional 

deficiencies including anemia and stunted growth (Mishra and Retherford, 2007) are all attributed to HAP. 

CASE and EH will be controlling for the other factors, including non-environmental factors, effecting PTB, 

stunted physical growth and neurocognitive impairment (Goldenberg et al, 2008; Griffiths, Jeffrey K. et al., 

2015) which include gestational age, poor nutrition, poor sanction, excessive environmental stress and poor 

health (Liu et al, 2012). CASE has carried out a detailed review of built interventions which aimed to test 

the relationship between health problems and living conditions (Thomson et al, 2009; Lochner et al, 2014; 

Wolff et al, 2001). Many of these projects fell short by addressing a single problem rather than designing 

for the complexity of the relationship between the built environment and its physical environment. Therefore, 

a lack of adaptability in the design to cope with environmental changes made many of the studies 

inconclusive. CASE’s approach differs in that by employing an ecosystemic approach the very nature of 
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the proposed BEE Unit allows for complex relations where the building components work in conjunction 

and adapt to changing environmental conditions.  

We maintain the need to understand the built environment from a bio-geophysical perspective before we 

can begin to tackle environmental problems, often caused by anthropomorphic actions, which have 

detrimental effects on our environments, our societies and our populations’ health and well-being. Studies 

predict that the effects of climate change will have its greatest impact on the communities of greatest need 

(Costello, Anthony et al., 2009; Wilkinson et al. 2007), as these populations are most vulnerable to the 

effects of climate change and they have the least ability to mitigate and adapt to its effects. Therefore, with 

the BEE Unit we propose a pragmatic intervention that allows for these populations to regain control over 

their air and water quality through bio-based clean energy solutions on a modular basis that can lead to 

human settlements that are adaptable to future environmental changes in order to manage the health 

effects of climate change (Costello, Anthony et al., 2009). Such adaptation and management of health 

effects is inextricably linked to poverty reduction (Hales et al., 2007). Adaptation of urban settlements 

involves designs which do not contribute to the causes of climate change and which are resilient to the 

risks it poses (Costello, Anthony et al., 2009). Previous built environment interventions which studied the 

impact of health showed mixed results. A systematic review of housing intervention studies by Thomson et 

al, concluded that health benefits may depend on the baseline housing conditions and how carefully 

targeted the intervention is (Thomson et al, 2009). Studies have shown, that under certain conditions, 

housing can have an effect on one’s health and well-being specifically of children under five years of age 

(Lochner et al, 2014, Wolff et al, 2001). However, most of these studies showed that the built structure 

alone did not have an immense impact on occupants’ health but that the infrastructure or system feeding 

the home had a greater impact. (Lochner et al, 2014) CASEs approach differs in that the BEE Unit is not a 

static structure which needs external infrastructure to function but a self-sufficient built ecosystem for the 

delivery of clean energy, air and water.  This new ecosystem paradigm employs renewable energy, 

channels natural environmental resources to ventilate indoor spaces and mitigate pollutants, uses 

sustainable processes in producing material products and constructs and recycles waste to feed material 

needs such as the use of agricultural by-products. A cycle which cuts out the need to burn instantly 

decarbonizes our energy systems. This new ecosystem paradigm should improve human health and well-

being. Through the Built Environment Ecosystem (BEE) unit CASE proposes an intervention which applies 

this new ecosystem paradigm to an existing environment in order to meet the needs of HBGD for children 

in their first 1000 days. 

 

Figure 1: Existing Built Environment Condition and Associated Health Hazards. 
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Figure 2: The risks of unabated climate change on social, economic and environmental factors are 

mammoth. 

Scope and Approach: 

Looking at the world from a biogeographical stance involves taking an ecosystemic approach (Harper et 

al., 2012; Waltner-Toews, 2001) which grounds our intervention in a scientific understanding of the 

environment. Implying such a logic to the built environment intervention means providing fresh air, clean 

energy and safe water and a sustainable material life cycle. Ecosystems form complex relationships 

between living organisms and their environment, creating a broadly stable and dynamic system. In built 

environment terms, this translates into creating built components which are interdependent and yet resilient 

and adaptive enough to change to user, social, environmental, economic and health demands. 

An ecosystem adapts to its physical environment. Taking an ecological approach we design built 

ecologies consisting of built environment components that work together in order to create a functional 

system of complex relationships. The BEE unit is a built ecology: The components of the system each 

follow a specific role and yet are interdependent with the other components as well as the physical 

environment in which they are located. For example, one component type or ‘species’ adapts to its physical 

environment in order to capture natural resources and transform these into useable energy, such as thermal 

or electrical energy. This energy is used to meet the occupants’ needs of cooking, lighting, communication 

etc. (See energy two-pager). Another module adopts a sustainable material life cycle by using an 

agricultural bi-product, namely coconut. It has a high sorptive capability for a wide range of pollutants and 

provides thermal comfort by desiccating indoor humidity and potentially reducing heat stress in the occupant 

(Liu et al, 2012). The desiccation process is interdependent on the compact solar module for the 

regeneration process (See  Biomaterials 2-pager). The systems morphology will shape air flow to increase 

ventilation indoors in response to HAP. The systems airflow control will be used to sequester, store and 

degrade pollutants for clean fresh indoor air. (See Fresh Air 2-pager).  The physical environment in which 

the system is located is of utmost importance in order to understand how the system must be designed for 

adaptability, sustainability and resilience. Therefore initially, a comprehensive climatic investigation and 

analysis is carried out in order to understand the natural resources and climatic flows from a spatial and 

temporal perspective,  i.e. sun path analysis, amount of direct sunlight, air velocity and direction, humidity, 

diurnal temperature swings etc. This is data, e.g. NREL TMY3, which in most cases already exists for a 



 

                   
 

 

 
          ECOSYSTEMIC APPROACH     BEE Unit for HBGD 

regional location (Wilcox, Marion, 2008). However, more specific environmental data for the exact system 

location can monitor how well the system is responding to its environment. Hence, a sensor network will be 

located within the system which collects spatial and temporal environmental data of the physical 

environment. (See Data Acquisition two pager). Biometric health indicator monitoring will collect data on 

the occupants, namely the mother and child (See Health and Wellbeing 2-pager). The BEE Unit provides 

an adaptable ecosystem testing framework. The benefits of this testing framework are twofold: 1) it  

provides a new alternative self-sufficent living model providing clean energy, air and water for the most 

vulnerable human settlements and 2) the flexible and adaptable testing framework, within which multiple 

CASE designed built environment components can be inserted and tested as they become state of the art 

and innovative, facilitates testing to relate the built environment with health indicators. Correlation of the 

environmental data and the biometric data should show how an ecosystemic approach to the built 

environment can improve the overall health and well-being of the occupants, and more particularly can 

promote HBGD. A new ecosystem paradigm addresses environmental issues which should benefit the 

health and wellbeing of the mother and child groups.  

Potential Future Outcomes: 

Future studies will also look at how the employment of such units at a larger scale can greatly impact the 

environmental and economic potential of a wider community. Socially how can it trigger the will for 

behavioral change?  

 

Figure 3: Proposed BEE unit applies a new material paradigm for HBGD.  
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HBGD Ecosystems Testbed: FRESH AIR  
 
A Transdisciplinary Framework for the Evaluation of Building-Integrated Healthy Air Flow Control Systems 
for Globally At-Risk Communities 
 
Keywords: Air quality, transport, flow control, environmental controls, thermoregulation, respiratory 
illness, asthma  
 
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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HBGD Ecosystems Testbed: SAFE WATER  
 
A Transdisciplinary Framework for the Evaluation of Building-Integrated Healthy Air Flow Control Systems 
for Globally At-Risk Communities 

 
Keywords: potable water, water collection, water pasteurization, local water storage, sanitation, hygiene.  
 
Executive Summary:  

High quality provision of water and sewerage services is fundamental to overcome poverty and to improve 

quality of life. In particular, access to potable water and basic sanitation facilities is strongly related to the 

prevention of gastrointestinal diseases in children and adults (Esrey, Potash, Roberts, & Shiff, 1991). The 

World Health Organization estimates that 1.8 million people die every year from diseases related to an 

inadequate provision of water and sanitation; 90% of them are children under five (WHO, 2006). The 

implications of lack of clean water and access to adequate sanitation are widespread. Young children die 

from dehydration and malnutrition, results of suffering from diarrheal illnesses that could be prevented by 

clean water and good hygiene (Metwally, Ibrahim, Saad, & Abu El-Ela, 2006).  

CASE has the aim of providing integrated water supply services to local communities and to help prevent 

water related diseases through improved hygiene and sanitation practices.  The BEE Unit will be adapted 

for local environmental factors to provide safe water through capturing rainwater and using municipality 

infrastructure (if available). It has been demonstrated that the viral inactivation via UVA irradiation is a non-

linear function of irradiance; that dose (the product of irradiance and time) does not solely influence 

inactivation or viracidal effect. Higher irradiance values are more efficacious and there exist threshold 

values below which there is no inactivation regardless of cumulative dose. (Fernandez et al, 2005) (Sichel 

et al, 2007)  The implemented systems will help to pasteurize the collected water with the use of ultra violet 

rays.  
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HBGD Ecosystems Testbed: CLEAN ENERGY  
 

Clean On-Site Energy Generation: Reducing Indoor Air pollution while Improving Access to Energy for 

Mothers and Children in Rural Settings 
Keywords: clean renewable energy, reducing cook smoke, energy independence, transparent 

concentrating solar, air quality, reduced respiratory illness, reduced heat stress 

 

Executive Summary: 

The Center for Architecture Science and Ecology (CASE) at RPI and it’s collaborators are proposing a 

strategy for enabling residential solar energy collection which mitigates the adverse health effects to 

women and children from cooking with solid fuels and provides on-site energy generation and daylighting 

for improved quality of living. In order to better adapt to changing outdoor environmental conditions, 

energy and building researchers are integrating built environments with multifunctional energy 

transformation technology that deliver year-round qualitative requirements for human comfort and well-

being (Heiselberg, 2012). Energy demands for cooking, in addition to lighting, ventilation, cooling, 

refrigeration, and mobile devices could be met by integrating a transparent, solar concentrating energy 

harvesting technology into the roof of residential homes, providing a seamless installation with reduced 

theft potential. The proposed system provides clean thermal and electrical power for occupants, reduces 

heat stress on the interior, and maintains desirable daylight conditions without glare or heat. Developing 

on-site solar energy capabilities for rural regions can improve the health of children and mothers by 

reducing exposure to harmful emissions from solid fuel combustion and promote well-being through 

improved access to energy. 

 

Problem Statement: 

According to the World Health Organization (Rehfuess, 2006), “The problem of indoor air pollution 

(related to solid fuel combustion) has been around since the Stone Age, yet international development 

agendas still fail to recognize that missing out on clean energy equals missing out on life.” The WHO has 

labeled cooking and indoor air pollution from the burning of solid fuel as one of the top ten global health 

risks, responsible for 1.6 million deaths and respiratory illnesses that account for 2.7% of the global 

burden of disease every year (Rehfuess, 2006). In additions to adverse human health implications from 

household stove pollutant emission, continued biomass cooking practices could have effects on 

agriculture, fuel use, deforestation, and global climate change (Jetter, 2015).  

To address the harmful effects of burning solid fuels, the Global Alliance for Clean Cookstoves was 

established by the United Nations Foundation (UNF) to provide 100 million clean cookstoves by 2020 

(Smith, 2010). However, due to the energy poverty gap, three billion people worldwide still depend on the 

burning of solid fuels to cook with no access to electricity and natural gas until reaching a high income 

status (Rehfuess, 2006).  

It is not only important to address reducing indoor air pollution, but also increase the access to reliable 

clean energy. Modern energy is essential for fulfilling basic social needs, driving economic growth and 

fueling human development because it has effects on productivity, health, education, safe water and 

communication services (Gaye, 2007). While many groups in the developing context are seeking to 

increase energy consumption with non-renewable resources, the challenge arises of how to sustainably 

and economically meet growing energy demands while simultaneously attempting to reduce adverse 

health effects of fossil fuel consumption in addition to mitigating emissions contributing to climate change. 

Prior research and development has yet to deliver a building solution that can meet the quantitative 

environmental performance requirements for on-site clean energy, while also accommodating year round 
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qualitative requirements of human comfort and well-being within most building and climate types. 

Previous solar home initiatives to improve the access to clean renewable energy have failed due poor 

organisational structures, lack of solar maintenance and panel theft (Maegaard, 2008). More recent off-

grid electrification program have been deemed unsustainable due to high operational cost and lack of 

user satisfactions from energy needs not being met (Azimoh, 2015).  

 

Scope and Approach: 

The mitigation of solid fuel combustion with clean energy sources has an immediate effect in improving 

indoor air quality and will reduce health risks to mother and child. The hypothesis is: if mother and 

newborn households in rural areas which primarily used solid fuels for cooking and with limited access to 

energy instead reside in homes with integrated solar energy harvesting which provides a clean alternative 

energy source for cooking, then the risk of pneumonia and acute infections link to cook smoke inhalation 

in children under the age of five, and chronic obstructive pulmonary disease (COPD) and lung cancer in 

women would be reduced by half (Rehfuess, 2006). 

In the US, many state and local government programs have implemented clean energy policies that 

explore energy efficiency and renewable energy initiatives in order to reduce criteria air pollutants, such 

as ground-level ozone, carbon monoxide, sulfur oxides, nitrogen oxides, and lead (DOE, 2008) (EPA, 

2011). Integrating homes with clean on-site energy generation capabilities reduces emissions from 

combustion of nonrenewable fossil fuels and, in addition, can decrease air pollution attributed to 

transportation losses from conventional grid supplied energy. 

Our approach to produce clean on-site energy built environments is to incorporate Integrated 

Concentrating Solar Facade (ICSF) system into mother and child households. ICSF uses high efficiency 

solar cells, heat transfer fluid, and transparent solar concentrating lens to generate electricity and high-

grade thermal energy on the exterior surfaces and roofs of buildings. The generated electrical energy can 

be used for cooking, refrigeration, lighting,  ventilation, HVAC or stored for later occupant demand. 

Thermal energy can provide hot water for cleaning, cooking, heating, or can be incorporated into air 

desiccation systems to improve indoor comfort.  

Additionally, ICSF concentrates and intercepts direct normal irradiance, reducing large quantities of solar 

heat gain to the interior and mitigating heat stress on mother and child. The transparent components 

allow the transmittance of diffuse irradiance for natural daylighting with reduced glare and heat (Novelli, 

2015).  

Integrated Concentration Solar Facade (ICSF) provides electrical and thermal energy, reduced heat 

stress, and natural daylighting, promoting the use of clean energy for cooking and on-site energy 

independence for mother and child. 

To mitigate risk associated to ISCF, the discoveries from prototype installations and operations will be 

leveraged for a streamlined deployment. To address timeframes of poor solar resource, battery storage 

will be integrated. ICSF solar tracking and operation requires no occupant involvement and replacement 

motors are commonly available. The risk of tampering or theft is heavily mitigated due to its integration 

into the roof construction.  

 

Measurement and Evaluation: 

Through integration of on-site clean energy generation within the Built Environment EcoSystem (BEE) 

framework, CASE and its research cohorts hopes to answer the following questions. 

● Does access to clean energy for cooking reduce in home exposure to harmful solid fuel 

byproducts and reduce respiratory issues for the mother and child?  

● Can clean electrical energy and battery storage with biomass-to-energy natural gas to replace the 

combustion of solid fuels.  
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Determine the medical and public health indicators with air quality sensor nodes to evaluate exposure to 

carbon monoxide, small particles, and carcinogens. 

 

Organizations Fit and Capacity: 

CASE and its interdisciplinary team of mechanical engineers, electrical engineers, material scientists, and 

physicists have researched and developed ICSF for 7+ years (Stark, 2007). CASE and RPI has 

contributed to the continual development of prototypes and improvement of engineered parts. Industrial 

partners have been embedded in the design and manufacturing of ICSF from the beginning of research, 

providing knowledge on the cheapest and fastest means for manufacturing. Integration of CASE 

technologies into buildings, with other systems, is a research task that CASE is specifically positioned to 

achieve. Through CASE’s research of multifunctional building systems, ecological integration provides the 

strongest benefits to energy and human health. ICSF will be integrated into the BEE unit as an energy 

source for cooking, air flow control, daylighting, and desiccant dehumidification by utilizing the 

multifunctional abilities of the systems integration.  

 

Geographic Locations to be served and location(s) of the work: 

Initial phases will focus on design and manufacturing of a system for the given geographic context. Health 

indicators will be outlined with partners to determine clean energy access effects on mother and child 

health. Scale-up will work on manufacturing and integration into the BEE unit which will be used within 

deployment. If access to clean energy through our strategy is found to be desirable to occupants and 

successful to improving mother and child respiratory risks, deployment to other homes will continue. If 

widely adopted in a region, this strategy could generate utility-scale power within less privileged settings, 

helping contribute to health, educational, and economic improvements. 

  



 

                   
 

          CLEAN ENERGY      BEE Unit for HBGD 

 
References:  

 

Azimoh, Chukwuma Leonard, et al. "Illuminated But Not Electrified: An Assessment Of The Impact Of 

Solar Home System On Rural Households In South Africa." Applied Energy 155.(2015): 354-364. 

ScienceDirect. Web. 22 July 2015. 

 

Jetter, James J., and Peter Kariher. "Solid-Fuel Household Cook Stoves: Characterization Of 

Performance And Emissions." Biomass And Bioenergy 33.(2009): 294-305. ScienceDirect. Web. 

22 July 2015. 

 

Heiselberg, P. Integrating Environmentally Responsive Elements in Buildings (Annex No. 44). 

IEA/ECBCS. (2012). 

 

Maegaard, Preben. “Energy Security in Africa with Renewable Energy”. The World Council for Renewable 

Energy, Denmark (2008)  

 

Novelli, Nicholas, Mohamed Aly, and Anna Dyson. “Daylighting Autonomy Effects of Blocking Direct 

Insolation with an Active Envelope Technology (UPCOMING).” PLEA. Bologna: N.p., 2015. Print. 

 

Rehfuess, Eva. “Fuel for life: household energy and health” World Health Organization, Geneva, 

Switzerland (2006) 

 

Selkowitz, S., E. Lee, and O. Aschehoug. "Perspectives on advanced facades with dynamic glazings and 

integrated lightings controls." CISBAT, Lusanne, Switzarland (2003). 

 

Smith, Kirk R. “What’s Cooking? A Brief Update.” Energy for Sustainable Development 14.4 

(2010): 251–252. CrossRef. Web. 15 July 2015. 

 

Stark, P.R.H., Jensen, M.K., and Dyson, A.H. Integrated Concentrating (IC) Solar Façade 

System. DOE, 2007. 

 

U.S. Department of Energy (DOE). "Improving Air Quality With Solar Energy." (2008) 

 

U.S. Environmental Protection Agency (EPA). “Assessing the Multiple Benefits of Clean Energy” (2011) 

 

 

 

 

 



 

         
 

 
 
          BIOMATERIALS      BEE Unit for HBGD 

HBGD Ecosystems Testbed: BIOMATERIALS 
 
Keywords: agricultural by-products, desiccant materials, indoor air quality control, local knowledge 
economies 
 
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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HBGD Ecosystems Testbed: DATA INFRASTRUCTURE 
 
A Collection and Dissemination Data Infrastructure for the Combined Testing of Built Environment and 

Human Health Indicators 

 

Keywords: Built Ecology, Human Health Indicators, Data Infrastructure, Human-Aware Science Ontology 

 

Motivation: 

We advocate the collection, publication and dissemination of Built Ecology and Human Health 

Indicators data in support of scientific and architectural communities, since many Global Burden of 

Disease risk factors are directly and indirectly impacted by the built environment infrastructure [1]. The 

development of a Data Infrastructure for these activities is a major step towards a better understanding 

of connections between built environments and human health. Access to such data collections in the 

context of mother-child living units in Africa and elsewhere may generate substantial societal interest to 

galvanise broader efforts to address project-identified HBGD factors through pragmatic and feasible 

infrastructural solutions. We understand that the dissemination of any data collected in our project along 

with appropriate metadata that facilitates the understanding of the data may lead to unforeseen uses of 

the data by many other communities, which in turn may empower the target constituency. Through 

making project data broadly available, relevant health and environmental issues will be better 

characterized and quantified leading to better, more intelligent approaches for the development of new 

Built Ecologies for healthy birth, development and growth (HBGD) patterns for youths within at 

risk communities 

 

Hypothesis: 

A multi-scalar, interdisciplinary project combining Built Ecology and Human Health Indicators 

assessments encompasses a complex and comprehension context for data collection that requires a 

novel approach for rigorously describing such context and to properly connect these descriptions within 

the necessary annotations of the data. Towards this aim, we propose the use of Human-Aware Science 

Ontology [7] as an approach to the collection, publication and dissemination of interchangeable and 

adaptable project metadata. This would enable the connection between various contributors to 

functionally plug-in to both physical and virtual test beds towards the collection of rich and multifaceted 

data sets with the  contextual knowledge about the data to the data themselves (resolving key contextual 

caveats in the acquisition of the data), allowing for non-hierarchical data search, discovery, exploration, 

analysis and visualization. Transparent, integrated and collaborative sharing of understandable data is a 

key approach to further expose the target constituency to a broader range of supporting communities, 

which, we maintain, will eventually empower the target constituency.  

 

Claims to Novelty: 

CASE’s Semantic Web Visualization (SWV), based on Data-Driven methods (D3.js) [2], is a novel 

approach to the problem of visualizing and functionally annotating the multidisciplinary contributors 

towards a multi-scalar experimental data acquisition framework. The circular, networked format effectively 

conveys a non-hierarchical project view, which can be explored through the collaborators involved, 

experiments performed and scientific model attributes applied. The beta version of the SWV is currently 

“handmade”, however CASE is in the process of developing a robust Data Infrastructure employing 

Human-Aware Science Ontologies (HAScO) that provides a vocabulary to annotate sensor data, 

simulation data, and data analysis results to dynamically generate the SWV, as well as other 

visualizations. Our solution relies on database queries with underlying support for Faceted Search [8]. 
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These efforts will directly support the generation of knowledge from complex data and metadata for a 

broad audience, which in turn will support advocacy for the target constituency.  

  

Despite HAScO impact in areas of environmental sciences, atmospheric sciences and hydrology, these 

ontologies have not previously been applied to either Built Ecologies or Human Health Indicators. 

There are opportunities to expand the vocabulary of existing Human-Aware Science Ontologies for 

outreach to the Built Ecology and Human Heath Indicator communities, and to expose these 

communities to comprehensive semantic-enabled data management tools.  

 

Types of project data: 

A robust Data Infrastructure relies on four interdependent data collection initiatives: 

● Background Data: 

○ The first source will be HBGD data accumulated by Gates Foundation projects and others 

relevant to the project’s target country. The focus will include Human Health Indicators data 

including well-established health data for the target communities 

○ Data about the environments considered in the project or similar to those environments.  

● Needs Assessment: 

○ Assessment of existing Human Health Indicators from a clinical and public health perspective 

○ Assessment of existing environmental conditions 

● Ecosystems Testbed Project Data (i.e., data to be collected and/or derived as part of Ecosystems 

Testbed project’s activities): 

○ Human Health Indicator data at the individual and population levels 

○ Environmental data at the individual and population levels 

● Metadata for any of the kinds of data mentioned above 

 

Our approach to data: 

1. Transparency: 

We advocate full access to collected data including access to live data collected through sensor 

networks. Sharing of data along the data cycle, including raw data and curated data to a broad audience 

will accelerate and concentrate efforts to aid the target constituency. The development and deployment of 

robust data analysis tools used to generate data products and derived data, including faceted search and 

data visualizations, will aid in the generation of knowledge.  

2. Integration: 

Delivery of well-annotated data will allow for automatic and systematic integration of project data in to 

other databases. We expect the core metadata collected throughout the project to be composed of 

statements based on the family of Human-Aware Science Ontologies described below.  

Ontology: A well-formed data ontology that encompasses the activities of the project will form the 

basis of the long term viability and usability of the data sent. Human-Aware Science Ontologies will 

structure the proposed Data Infrastructure across the spectrum of scientific activity [4, 6] including 

observation [5], measurement [3] and empirical and computational experiments enabling the automatic 

and systematic transfer of data and metadata to the Gates Knowledge base among others. 

3. Collaboration: 

The SWV D3 wheel, dynamically generated and integrated into a non-SQL database repository [2], will 

form a key collaboration tool for the project. A series of similarly generated visualizations will be 

developed for viewing sensor, simulation and experimental data. A premium will be placed on features 

that allow for collaborative annotation and discussion.  
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We will build on and integrate with Debate Graph, the online collaboration tool used by the Gates 

Foundation. By moving Debate Graph content seamlessly and automatically to the SWV D3 Wheel, we 

will build on a key existing collaboration tool while engaging diverse communities currently using Debate 

Graph. 

 

Project Data Plan: 

For members of the project, the Data Plan comprises specific information and instructions on the 

formatting, storage and means of access to data generated through the project. For public access, the 

Data Plan describes how the data collected through the project is going to be stored, the minimum period 

of time after the completion of the project the data is going to be available, and how it is going to be made 

available (e.g., through the web, mail distribution through CDs etc.)  
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FRAMEWORK FOR HEALTH ASSESSMENTS OF ENVIRONMENTAL INTERVENTIONS TARGETING 

HEALTHY BIRTH, GROWTH AND DEVELOPMENT (HBGD) 

 

The Gates Foundation’s HBGD program focuses on understanding and improving outcomes 

in preterm birth, stunted physical growth, and neurocognitive development. Current 

methods of improving maternal and child morbidity and mortality emphasize medical and 

public health strategies. Individual level (medical) management includes control and treatment 

of infectious diseases in children < 5 years old, particularly pneumonia, diarrheal illnesses 

and malaria. Population level health strategies include ensuring proper antenatal care, 

proper nutrition of mother and child, maternal education, vaccinations, and access to 

skilled birth attendants for delivery. Current strategies however do not integrate the 

multitude of environmental factors that impact maternal and child morbidity and do not 

provide for assessments of stunted growth. 

 

CASE proposes a housing infrastructure intervention that mitigates the effects of polluted 

environments. We propose the following framework in order to assess the impact of the 

intervention on the three outcomes of interest: (1) preterm birth, (2) stunted physical 

growth, and (3) neurocognitive impairment. 

 

Defining Study Population 

 Mothers and their families exposed to a polluted urban environment 

 Needs assessment of local population 

o Ascertain existing resources and infrastructure for the provision of maternal 

and child health care from a clinical and public health perspective 

o Ascertain cultural norms and willingness by participants to adopt 

environmental interventions 

 Engagement with local medical and community health leaders 

o Ascertain optimal maternal and child health care delivery mechanisms in the 

local community 

 

Outcomes of Interest 

Individual level clinical variables and measures 

 Establish baseline clinical status – History and Physical of all individuals participating in 

the study 

 Periodic evaluations focusing on any symptomatic or clinical change from baseline, 

including appropriate OB/GYN and pediatric evaluations throughout the pregnancy and 

postnatal period 

 Inflammatory markers – Screening blood work and/or cheek swabs for stress hormones 

 Respiratory status indicators – Pulmonary function tests 

 Vaccination status 

 Nutritional education and access to proper nutrition for mother and child 

 Assessment of long term stunted growth 

o Gestational age based on clinical assessment and Gates Foundation tools 

o Monitor intrauterine fetal growth and retardation via Gates Foundation 
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ultrasound tools 

Population level public health variables and measures 

 Compliance with established USAID MCHIP (Maternal and Child Health Integrated 

Program) Rapid Catch Indicators for antenatal and postnatal care 

 Formative/ Process evaluation of the degree of adoption/ compliance with study 

protocols and CASE environmental interventions 

 

Study Design 

 Establish existing trends in local populations for key outcomes of preterm birth, stunted 

physical, and neurocognitive development. 

o Utilize DHS and other local data sources. 

 Power/ Sample Size: 

o The primary comparison of interest in this study will be incidence rates of [X] 

between treatment groups at each site, and then between sites (combining the 

treatment groups and comparing between sites). Thus, the background 

incidence (event rate) in this population is [Y]. This will be the same as the 

incidence rate expected in the non-treatment group, or R2. Using the 

assumption that we want to have high power to see a difference, we will use a 

conservative estimate of B = 0.10, or Power = 90%; and an alpha = 0.05, or 95% 

confidence limit. Given these parameters, the sample size needed in each site 

is [Z]. 

o Number of pregnant women recruited any one point will depend on the 

number of housing structures available 

 Recruitment from the same community/ geographic region 

 Divide mothers into two groups – intervention and control 

o Intervention group receives the CASE build environment housing 

infrastructure; Control group receives local standard housing structure. 

o Intervention and control groups both receive standard of medical and public 

health care established by the USAID MCHIP guidelines 

 Outcome ascertainment and follow-up are exactly the same in both groups 

o That is, all mothers monitored for clinical and population level health variables 

listed above from conception and recruitment to 2 years of age. 

 

Additional Outcomes and Study Parameters 

This novel environmental intervention provides an opportunity to delineate the impact of 

environment on traditional medical causes of poor maternal and child outcomes. Towards that 

end, secondary outcomes measures of value include: 

 Respiratory signs and symptoms – incidence of pneumonia; upper respiratory 

infections; asthma 

 Diarrheal illnesses – Incidence of diarrhea; hydration status 

 Malarial illnesses – Clinical syndrome assessment; Anopheles mosquito presence within 

dwellings 

 Aeromicrobiome - Differences between intervention and control dwellings 

 



  

 

Qualitative component to study as part of the process evaluation to ascertain the experience of 

mothers and acceptability of interventions for future studies and scale up. 
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