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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).  
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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 
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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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