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Abstract 
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Supervisor: Elizabeth Mueller 

 

Abstract: Despite the considerable improvements in housing conditions during the 

last decade, housing still remains a critical determinant of one’s health. Broader social 

and environmental issues that are associated with housing and health problems have 

emerged. Such issues include neighborhood characteristics, individual behaviors and 

associated health outcomes, social backgrounds, and housing affordability as well as the 

physical conditions of housing. Many low-income families’ substandard housing 

conditions make them suffer from housing-related health problems more seriously. This 

report suggests a green affordable housing program, in particular Green Communities, as 

one of the solutions to address this issue. To understand how Green Communities affects 

one’s health, this report evaluates existing Green Communities’ criteria against housing 

health performance criteria that are developed based on a literature review. After the 

evaluation, this report suggests how current green affordable housing practices can be 

improved to be a health promotion tool. 
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Chapter 1: Introduction 

1. 1 OVERVIEW 

Environmental factors have a significant impact on an individuals’ health 

condition. Housing, in particular, is a major determining environmental factor in one’s 

healthiness and well-being. Researchers have found that strong linkages exist between the 

housing environment and an occupant’s health. Initial research into housing and health 

issues found how the internal physical conditions of housing impact on one’s physical 

health. Accordingly, early government interventions in public health focused on 

eliminating physical health risks of housing environments or providing medical 

treatments.1 During the past century, building technologies and regulation systems have 

advanced, and housing structures and unsanitary conditions have been improved. The 

advances of sciences and housing conditions have resulted in removing infectious 

diseases such as cholera that were major housing-related health problems in the middle 

and modern ages. Advances in environmental hygiene and public health service have 

contributed to this improvement. Consequently, certain housing-related health problems 

have improved compared to a few decades ago.  

Despite the considerable improvements in housing conditions, housing still 

remains critical determinant of one’s health. Broader social and environmental issues that 

are associated with housing and health problems have emerged. Various interdisciplinary 

studies have suggested ecological factors as critical determinants of health. Such factors 

include neighborhoods characteristics (e.g., community walkability, transportation 

                                                 
1 Saegert, Susan C., Susan Klitzman, Nicholas Freudenberg, Jana Cooperman-Mroczek, and Salwa Nassar, 
(2003) Healthy Housing: A Structured Review of Published Evaluations of US Interventions to Improve 
Health by Modifying Housing in the United States, 1990–2001. American Journal of Public Health 93(9) 
pp. 1471–1477 
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availability, crime rate, accessibility to social services, etc.);2 individual behaviors and 

associated health outcome (e.g., eating habit and food preference, involvement in crime, 

etc.); social backgrounds; housing affordability; as well as the physical conditions of 

housing.3 These ecological factors are often interrelated and forming critical health 

outcome. As a result of the complexity of the issues, housing and its health impacts have 

become challenges for government to address in existing programs—such as affordable 

housing programs and policies—since a range of social and environmental factors are 

interwoven together which can have a variety of impacts on one’s health. This means that 

a single government intervention cannot address these intricate issues.  

Recently, public health attention has been drawn to housing again. A growing 

body of evidence shows that indoor environmental factors are critical to the health 

outcomes because people are spending more time in their homes than ever. Primary 

factors such as indoor air contamination, dampness and molds are closely related to the 

chronic respiratory diseases, asthma, and allergies. Exposure to indoor radon increases 

occupant’s lung defects. Structural deficiencies of housing also increase injuries that can 

result in an occupant’s morbidity or disability. In addition, factors related to housing 

location and its neighborhoods can affect individuals’ physical activity, food choices, and 

options for medical services. These factors closely relate to the increasing rates of 

obesity, malnutrition, and other cardiovascular diseases. Finally, socioeconomic status of 

a household influences these housing-related environmental factors to the certain level.  

                                                 
2 Brown, Arleen F., Alfonso Ang, and Anne R. Pebley (2007) The Relationship Between Neighborhood 
Characteristics and Self-Rated Health for Adults With Chronic Conditions. American Journal of Public 
Health 97(5) pp 926-932 
3 Pollack, Craig, Susan Egerter, Tabashir Sadegh-Nobari, Mercedes Dekker, and Paula Braveman (2008) 
Where We Live Matters for Our Health: The Links between Housing and Health. Robert Wood Johnson 
Foundation Commission to Build a Healthier America 
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There is evidence that these housing-related health conditions may be worse for 

low-income households. A study shows that low-income families tend to live with severe 

housing conditions. According to the study, the study the ratio of low-income households 

with the worse housing condition is 2.2 times more than general population.4 The severe 

housing conditions increase low-income household’s health risk. For instance, children in 

low-income households and minority groups tend to have higher risk of lead poisoning 

because their old housings still have walls, water pipes, and other housing structure that 

are painted with lead-based materials.5 The Centers for Disease Control and Prevention 

(CDC) estimates 16 percent of children living in older housing are poisoned compared to 

4.4 percent of all children.6 Additionally, unaffordable housing costs of low-income 

family limits a family’s expenditures to other basic needs, such as food, clothing, or even 

proper medical care, thereby resulting in malnutrition and poor development in children. 

While housing conditions faced by low income tenement residents were an initial 

concern of reformers and city planners, housing policy has since shifted to focus almost 

entirely on affordability. Yet increasingly policy makers and housing providers are 

realizing that there are many potential benefits to connecting health and housing goals in 

programs and policies.  

At the beginning of the 21th century, housing-related health problems are 

becoming worse than ever. Increased air pollution affects indoor air quality (IAQ) 

thereby increasing occupant’s health risks. Advanced heating and cooling systems limit 

natural air circular systems thereby degrading indoor air quality. Modern building 

                                                 
4 Krieger, James and Donna L. Higgins (2002) Housing and Health: Time Again for Public Health Action. 
American Journal of Public Health 92(5) pp.758-768.   
5 U.S. Dept. of Health and Human Services (2002) Improving the Health, Safety, and Well-Being of 
America 
6 Ibid. 



4 
 

materials emit more hazardous matters than the traditional-natural materials. Above all, 

changing climate patterns have increased health risk in areas where they did not 

previously exist. Extreme weather conditions can affect people who are more susceptible 

to thermal conditions and who are not prepared for the unexpected weather events. The 

frequency of extreme weather conditions is increasing. In light of these new 

environmental health threats, actions should be undertaken to prevent additional potential 

health threats. 

In response to potential threats of climate change, governments have prepared a 

range of mitigation strategies. Industries have adopted more sustainable production 

systems to decrease energy use and their impacts on the environment. In the building 

industry, designing sustainable building techniques have been developed to reduce 

energy use in a building effectively and to improve an occupant’s health. Green building 

programs have comprehensively synthesized these energy efficient and healthy building 

methods since the 1990s. Growing bodies of evidence show that green buildings bring 

financial and environmental benefits as well as health and energy benefits. Therefore, 

green building has become a major policy tool that many government agencies have 

prioritized.  

As briefly described earlier, the housing-related health problems are becoming 

more complex and serious. Public health advocates recommend adopting community-

based health interventions and evidence-based health practice to prevent and mitigate 

multifaceted aspects of housing and health problems.7 Green affordable housing 

programs incorporate a comprehensive approach to the issues, thereby bringing the 

                                                 
7 Truman, Benedict I., Kristine M. Gebbie, Robert S. Lawrence, Caswell A. Evans, Charles S. Mahan, and 
Stephanie Zaza (2000) Developing the Guide to Community Prevention Service—Overview and Rationale. 
American Journal of Preventive Medicine 18(1S) pp 18-26. 
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financial, environmental and health benefits to low-income households who are ill-

equipped to improve their living conditions by themselves.  

1. 2 RESEARCH QUESTIONS AND METHODOLOGIES 

Recently, green homes have become a major policy tool that can bring economic 

and health benefits to families, especially socioeconomically disadvantaged families. 

Currently, numerous low-income families are living with substandard housing conditions 

and their neighborhoods tend to have less resource for better economic activities and 

health improvements. Accordingly, low-income families suffer from housing related 

health problems. Although many public health interventions have provided supportive 

services, the fundamental problems still remain within the housing and its surrounding 

neighborhoods. These problems require more comprehensive and long-lasting approaches 

to resolve housing-related health problems.  

Green building programs’ guidelines present one approach to these issues. Most 

green building criteria have addressed indoor environments of housing as well as 

neighborhoods’ contexts. Further, green affordable housing program address housing 

affordability. Government entities have incorporated green affordable housing 

components to address the issues of energy, health, environment, and social disparities. 

Studies support this movement towards green building program by documenting green 

buildings’ energy performance and cost efficiencies.8 Contrarily, the health benefits of 

green building are not measured because assessing health improvement is not easy. 

                                                 
8 For more information on these subject, see Greg Kats, Leon Alevantis, Adam Berman, Evan Mills, Jeff 
Perlman (2003) The Costs and Financial Benefits of Green Buildings. A Report to California’s Sustainable 
Building Task Force; Turner, Cathy and Mark Frankel (2008) Energy Performance of LEED® for New 
Construction Buildings. U.S. Green Building Council. Washington DC.; Fowler, Kim M. and Emily M. 
Rauch (2008) Assessing Green Building Performance: A post occupancy evaluation of 12GSA Buildings. 
Pacific Northwest National Laboratory Richland, Washington 99352. 
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Getting an individuals’ health data is harder than getting energy data. Even if enough 

evidence has not yet been presented on the impact of green building on residents’ health, 

using evidence from the literature on the relationship between housing conditions and 

resident health, we can identify important items to incorporate into green building 

strategies that are most likely to improve resident health outcomes.  

This report inquires how green affordable housing can improve its residents’ 

health conditions. It also inquires which housing-related health issues the green 

affordable housing fails to address. To answer these questions, the relationships between 

housing and its health impacts need to be identified. Then, the methods to mitigate the 

health problems need to be identified. Lastly, the existing green affordable housing 

program’s criteria can be evaluated through the identified causal factors of housing 

conditions and the mitigation methods. Once the health performance of the green 

affordable housing’s guideline is examined, it will lead to potential recommendations to 

improve existing green affordable housing standards. The following order shows how this 

report approaches to assessing the standards of green affordable housing programs.   

First, identify housing- related environmental factors that affect occupants’ health.  

Second, identify the fundamentals of maintaining healthy housing conditions. 

Third, develop a matrix of health performance evaluation criteria to assess green 

affordable housing’s potential health benefits. 

Fourth, review the core issues of various green building programs. 

Fifth, assess the major criteria of green affordable housing standards. 

Chapter 2 includes the first and second phases. Through the literature and existing 

practice reviews, environmental factors associated with housing conditions and their 

health outcomes are identified. Once the environmental factors and fundamentals of 
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healthy homes are defined, they will be used to develop a matrix of Housing Health 

Performance Evaluation Criteria in the later part of chapter 2. In the chapter 3, the three 

core issues of existing green building programs and their potential health impacts are 

reviewed. Chapter 4 measured the health performance of a green affordable housing 

program against the matrix of health standard measures that is developed in chapter 2. 

The last section concludes with what are the strengths and weakness of the current green 

affordable housing practices after reviewing the current practice. Finally, the final chapter 

suggests possible improvements in green affordable housing practices and identifies areas 

for future research. 
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Chapter 2: Environmental Factors and Human Health 

2. 1 CLASSIFICATION OF ENVIRONMENTAL FACTORS 

This section explores several environmental factors related to housing that affect 

occupant health. Understanding these factors will provide insight into housing 

improvements that would be necessary to improve occupant health. The following studies 

describe various environmental factors relevant to existing housing conditions. To begin 

with, Pollack et al. (2008)9 introduced three categories that define the characteristics of 

housing-related environmental factors (Figure 1): (1) factors related to indoor 

environments; (2) factors related to the housing location and associated neighborhoods; 

and (3) factors related to the socioeconomic status and education-level of households. 

 

Figure 1. Categories of Housing-Related Environmental Factors10 

The first category related to indoor environments has the most direct impact on 

occupant health. Healthy and safe housing conditions make the residents feel safe, 

                                                 
9 Pollack, Craig, Susan Egerter, Tabashir Sadegh-Nobari, Mercedes Dekker, and Paula Braveman (2008) 
Where We Live Matters for Our Health: The Links between Housing and Health. Robert Wood Johnson 
Foundation Commission to Build a Healthier America. 
10 Ibid. 
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private, and secure. Inadequate and substandard housing conditions contribute to 

increased health problems such as infectious and chronic diseases, injuries, and poor 

childhood development.11 To identify indoor health risk factors, Hasselaar (2003) defined 

defined 7 indoor environmental parameters. According to Hasselaar’s study, thermal 

climate, indoor air quality, acoustics, lighting conditions, water quality, quality of surface 

layers, and radiation are the major indoor environmental parameters that affect an 

occupant’s health.12 Hasselaar (2003) suggested a more simplified model of explaining 

how those environmental parameters affect a person’s health potential (Figure 2). The 

model illustrates that various agents, such as mites, mold, radiation, aerosols, lead, 

contaminated drinking water, noise, and others have a direct impact on an occupant’s 

health and the these agents are generated depending on the environmental parameters.13 

For instance, the humid indoor air quality (parameter) increases mold, mite, and other 

agents, and the agents increase occupant’s health risks such as allergies or respiratory 

diseases.  

 

Figure 2. The Path from Health Potential to Indicators14 

                                                 
11 Ibid. 
12 Hasselaar, Evert (2003) Health Performance Indicators of Housing. Healthy Buildings 2003 Vol. 3; 7th 
International Conference, 23-29. 
13 Ibid. 
14 Ibid. 
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Chiang et al. (2002)15 created an Indoor Environment Index (IEI) to evaluate 

indoor environments. The research team identified 48 indoor physical indicators and 

classified them into eight environment categories: “acoustics, illumination, thermal 

comfort, indoor air quality, water quality, greens (landscaping and planting), vibration, 

and electromagnetic.” These factors were similar to Hasselaar’s (2003) environmental 

parameters except for two parameters: greens and vibration. The study weighted the 

degree of health impacts by the eight indoor environmental factors, and then it concluded 

that indoor air quality influences an occupant’s health any of the eight factors. Thermal 

condition was the second most important factor. After the assessment, water quality, 

green, and vibration were removed from the list (Figure 3).  

 

 

Figure 3. Scale of Physical-Environment Assessment16 

The second category relates to housing location and associated neighborhood 

conditions. The environmental factors in this category are closely connected to the social, 

                                                 
15 Chiang, Che-Ming, Chi-Ming Lai, Po-Cheng Chou, Yen-Yi Li, Yu-Feng Tu (2002) A Study on the 
Comprehensive Indicator of Indoor Environment Assessment for Occupants’ Health in Taiwan, Building 
and Environment 37 (4), pp. 387-392. 
16 Ibid. 



11 
 

physical, and economic characteristics of neighborhoods.17 Accessibility to green spaces, 

medical services, transportation systems, and healthy foods are key factors in this 

category. These factors in-turn affect an individuals’ physical activity, availability of 

medical support, and nutrition. In a study, residents in communities with single land-use 

and low-density developments tend to have higher obesity rates than communities with 

high-density and mixed land-use.18 Other study shows that children who live closer to 

freeways have higher respiratory disease rates and substantial deficits in lung function 

than other children who live further from freeways; respiratory and cardiovascular 

diseases often continue even after the children grew up.19 On the other hand, green spaces 

spaces have a long-term positive impact on children's physical activities, and thus, reduce 

obesity rates and improve their health.20 Proximity to the grocery store or healthy food 

outlets also has positive health effects by providing easier access to nutritious foods.21 

The third category relates to housing affordability and its impacts on overall 

lifestyle. Housing affordability affects where a person lives and what that person eats.  

Above all, lack of affordable housing contributes to low-income households having a 

lower range of choices for basic needs such as nutrition and health care.22 Low-income 

                                                 
17 Pollack, Craig, Susan Egerter, Tabashir Sadegh-Nobari, Mercedes Dekker, and Paula Braveman (2008) 
Where We Live Matters for Our Health: The Links between Housing and Health. Robert Wood Johnson 
Foundation Commission to Build a Healthier America. 
18 Gauderman , W. James, Hita Vora, Rob McConnell, Kiros Berhane, Frank Gilliland, Duncan Thomas, 
Fred Lurmann, Edward Avol, Nino Kunzli, Michael Jerrett and John Peters (2007) Effect of exposure to 
traffic on lung development from 10 to 18 years of age: a cohort study. The Lancet, Volume 368  
19 Ibid.   
20 Lovasi, Gina S., Malo A. Hutson, Monica Guerra and Kathryn M. Neckerman (2009) Built 
Environments and Obesity in Disadvantaged Populations. Epidemiologic Reviews 31(1) pp.7-20. 
21 United States Department of Agriculture (2009) Chapter4. Food Access and Its Relationship to Diet and 
Health Outcomes. 
22 Pollack, Craig, Susan Egerter, Tabashir Sadegh-Nobari, Mercedes Dekker, and Paula Braveman (2008) 
Where We Live Matters for Our Health: The Links between Housing and Health. Robert Wood Johnson 
Foundation Commission to Build a Healthier America. 
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families choose substandard housing in unsafe and undesirable neighborhoods, not 

because they want to but because they have no other choice. Sometimes, neighborhoods 

with high poverty rate have fewer resources for health promotion, such as parks, bike 

lanes, recreation centers and activities.23 Furthermore, discriminatory, exclusionary, or 

unnecessary regulations or neighborhoods’ opposition restrict affordable housing to 

locate in healthy and safe neighborhoods. The concentration of substandard housing in 

low-income neighborhoods compounds the housing-related socioeconomic disparities in 

health. 

The three environmental categories described above further understanding of 

what issues housing development should address in order to create healthy environments. 

Understanding the connection between environmental factors and health impacts will 

help health professionals effectively identify and address health risks. The following 

section introduces the basic healthy homes principles that can help maintaining healthy 

housing environments. With the major three categories of housing related environmental 

factors, the healthy homes principles will constitute a matrix of healthy home measures in 

the latter part of this chapter. The matrix will be used to evaluate green building 

programs’ health performance in Chapter 4.  

2. 2 BASIC PRINCIPLES OF HEALTHY HOMES 

This section introduces how to maintain healthy housing conditions. The 

American Public Health Association (APHA), Center for Disease Control and 

Preventions (CDC), and National Center for Healthy Housing (NCHH) have developed a 

set of Healthy Homes Principles (HHPs). There are seven major healthy homes principles 

to follow; keep the house dry, clean, pest-free, safe, contaminant-free, ventilated, and 
                                                 
23 Ibid. 
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well-maintained. The following sections explain how the seven healthy homes principles 

help maintain healthy housing environments.   

The first HHP is to maintain dry indoor conditions. This emphasizes the 

importance of indoor moisture control. Certain levels of indoor moisture cause dampness 

that can promote allergens, such as mold, mites, roaches, rodents, and other bacteria. 

These allergens can trigger respiratory disease and asthma. In addition, moisture in 

building structures potentially increases health risk because it accelerate structural 

deterioration by rusting steel framing, nails, screws, bolts, and others.24 In the end, 

structural deficiency can increase injuries at homes. 

Several methods can be implemented to control indoor moisture. How to ventilate 

moisture to outside properly is an important issue. Ventilation is another healthy homes 

principle, but “ventilation” affects how dry the indoor environment is. The most ideal 

condition is to prevent all moisture intrusion through proper water-proofing structure 

design. For instance, a proper overhang on a window can prevent rainwater from 

infiltrating the building. Limiting indoor moisture evaporation is as much as important 

controlling moisture intrusion from outside. In general, normal household activities such 

as cooking, cleaning, breathing, bathing, washing, and drying clothes can increase the 

moisture level in the air. Residents can mitigate the indoor moisture generation by 

adjusting their lifestyle. For instance, they can open windows regularly for ventilation, 

turn on exhaust fans during/after cooking and shower, or use dehumidifiers.25 Mechanical 

Mechanical approach through Heating, Ventilation, and Air Conditioning (HVAC) 

                                                 
24 Harriman, Lew (2008) Reach for the Dry: Damp Ventilation Air Can Damage IAQ and a Building Itself. 
Eco-Structure.com. 
25 Dorman, Dale (2005) Moisture Control in Homes. Athens, GA: University of Georgia, Cooperative 
Extension Service. 
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system can create effective ventilation and dehumidification. Unfortunately, most 

building regulations do not require building design specifications to include technologies 

for waterproofing.26 Although not all homes have good mechanical ventilation and 

dehumidification systems, residents’ effort to reduce moisture by changing their lifestyle 

can help to reduce the dampness of the home and also remove air pollutants.  

The second HHP is maintaining clean housing conditions. Various cleaning 

methods exist that can remove a range of indoor air contaminants. Proper cleaning 

methods can remove some amounts of hazardous contaminants, but 100% removal is not 

guaranteed. On the other hands, incorrect cleaning methods can expose occupants to a 

chemically contaminated environment. During the cleaning process, occupants can be 

exposed to airborne chemicals from cleaning products.27 Most cleaning products on the 

market include chemicals such as 2-butoxyethanol, d-Limonene, formaldehyde and other 

particulate matter.28 If the concentration of these chemicals is over standardized levels, 

they can adversely affect health. To prevent potential health risks from cleaning products, 

households should be notified on which cleaning products are safe and which ones are 

not. As well, households should be educated about cleaning methods that can effectively 

remove hazardous materials from the home.  

The third HHP is pest control at home. Pests such as rodents, cockroaches, 

termites, fleas, etc. commonly live in substandard housing. These pests can carry diseases 

germs or trigger diseases. Certain pests including rodents and ants can damage to the 

housing structure. The extent to which pests create health problems varies depending on 

                                                 
26 Ibid. 
27 Nazaroff, William W., Beverly K. Coleman, Hugo Destaillats, Alfred T. Hodgson, De-Ling Liu, Melissa 
M. Lunden, Brett C. Singer, and Charles J. Weschler (2006) Indoor Air Chemistry: Cleaning Agents, 
Ozone and Toxic Air Contaminants. University of California, Berkeley. 
28 Ibid. 
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the characteristics of the house. For instance, low-income households in inner city areas 

tend to have a high level of cockroach allergens while higher income households tend to 

have high levels of pet and dust mite allergens. In both, the pest control should be 

effectively performed to remove the health risks. The following actions are recommended 

to effectively control pests (the Boston Public Health Commission)29: (1) Monitor pest 

populations to find out the habitats of pests; (2) Block pest access and entryways; (3) 

Eliminate excess food and water, and (4) Apply low-toxicity and low-risk pesticides. 

Despite the benefits of using pesticides for pest control, care must be taken 

because pesticides can also have a critical adverse impact on occupant health, as reported 

by the Poison Control Center in 2003. About 80% of exposure to pesticides occurs in 

indoor environments.30 Exposure to the pesticide residues can cause neurological damage 

damage and cancer.31 Therefore, special attention should be given to pesticide exposure 

both during and after the pest-control. 

The fourth HHP is making the house a safe place to prevent injuries. According to 

the National Health Interview Survey, about 13.5 million nonfatal injuries occur in and 

around the home.32 Home injuries are responsible for about 20,000 deaths, 7 million 

disabling injuries, and 20 million hospital visits every year in the U.S.33 The percentage 

of injuries occurring now has declined compared to the 1980s, but many children are still 

                                                 
29 Altman, Susan (2007) Integrated Pest Management: A Guide for Managers and Owners of Affordable 
Housing. Boston MA. 
30 Colorado State University (n.d.) Healthy Colorado Homes Initiative: Why Healthy Colorado Homes?  
31 National Center for Health and Housing (2008) Seven Principles of Healthy Homes. 
32 Warner M, Barnes PM, Fingerhut LA. (2000) Injury and poisoning episodes and conditions. National 
Health Interview Survey, 1997. Vital Health Stat 10. No. 202. 
33 WebMD, Inc. (2002) Home Injuries Rising, Often Deadly Falls, Poisonings Pose Major Threats at 
Home. WebMD Health News. 
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being impacted.34 Despite the substantive risk associated with home injuries, many 

households do not recognize the significant risk factor. The most common cause of 

injuries is children falling in the home. Poisoning, fires, inhalation, suffocation, and 

drowning are also home injuries. Therefore, the following strategies are recommended to 

prevent the common injuries; (1) installing appropriate railings and barriers, (2) storing 

foods or medications properly, (3) checking water services, and (4) installing fire 

extinguisher.35 If homeowners would take the effort to and recognize the benefits of 

injury prevention, the occurrences of injuries at home would be significantly reduced.  

The fifth HHP is contaminant-free indoor environments. A range of indoor 

pollutants has been found and their health impacts vary. The CDC classifies the 

numerous indoor air contaminants either biological or chemical depending on their 

origin. First, biological contaminants include microorganisms (fungi, bacteria, viruses, 

protozoa, algae), bioaerosols (pollen and plant fragments, hair, dander, and saliva from 

dogs and cats; dust mites), intact organisms (e.g., bacteria, fungal spores and fragments), 

components (endotoxins, allergens), and products (dust mite antigen-containing fecal 

pellets and fungal mycotoxins).36 Chemical contaminants include carbon monoxide, 

ozone, Environmental Tobacco Smoke (ETS), Volatile Organic Compounds (VOCs), and 

pesticides. Lastly, asbestos, lead, and arsenic are identified as toxic chemical materials. 

Different health problems can be associated with various types of contaminants. 

For instance, radon causes severe lung defects is responsible for about 21,000 lung cancer 

                                                 
34 National SAFE KIDS Campaign (NSKC) (2004) Childhood Injury Fact Sheet. Washington (DC): 
NSKC.  
35 WebMD, Inc. (2002) Home Injuries Rising, Often Deadly Falls, Poisonings Pose Major Threats at 
Home. WebMD Health News. 
36 Centers for Disease Control and Prevention (2009) Healthy Housing Reference Manual. Chapter 5: 
Indoor Air Pollutants and Toxic Materials. 
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deaths every year in the U.S.37 This volatile organic compound and toxic substance can 

exist in furniture, interior finish, and pest controls and can cause chronic health 

problems.38 The impacts of secondary smoking on the respiratory disease are also proven. 

proven. Poor housing ventilation increases exposure to secondary smoking. Indoor 

exposure to nitrogen dioxide from inadequately vented or poorly functioning combustion 

appliances has been known to cause asthma symptoms.39 The following strategies can be 

adopted to mitigate indoor air contamination: 

• Using low or no Volatile Organic Compounds (VOCs) paints, primers, and 

adhesives and sealants; 

• Using urea formaldehyde-free composite wood for finishing; 

• Flooring with either green label certified materials or non-vinyl, non-carpet floor; 

• Installing exhaust fans in the bathroom / kitchen and proper ventilation systems;  

• Installing passive radon-resistant features; 

• Providing a continuous air barrier between the living space and garage; 

• Avoiding dampness to prevent mold eruption; 

• Implementing integrated pest management; 

• Connecting the dryer exhaustion directly to the outside; and 

• Prohibiting smoking inside the building. 

The sixth HHP is well-ventilated indoor conditions. Ventilation system can 

removes the accumulated indoor contaminants maintaining occupant’s health. The 

American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. 

                                                 
37 U.S. Environmental Protection Agency (EPA) (2010) A Citizen's Guide to Radon. 
38 Krieger, James and Donna L. Higgins (2002) Housing and Health: Time Again for Public Health Action. 
American Journal of Public Health 92(5) pp.758-768.    
39 Ibid. 
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(ASHRAE) developed standards defining the roles of and minimum requirements for 

mechanical/natural ventilation systems and the building envelope to provide acceptable 

indoor air quality (IAQ). The proper ventilation rates are different depending on the total 

housing area and the number of rooms at home (Table 1).  

  Table 1. Ventilation Air Requirement, cfm40 

Floor Area Number of Bedrooms 

(ft2) 0 –1  2 – 3  4 – 5  6 –7  > 7 
< 1500 30 45 60 75 90 

1501 – 3000 45 60 75 90 105 

3001 – 4500 60 75 90 105 120 

4501 – 6000 75 90 105 120 135 

6001 – 7500 90 105 120 135 150 

> 7500 105 120 135 150 165 

Overall, well-maintained housing environments can greatly reduce harmful risk 

factors such as dampness, pests, indoor air pollutants, etc. It will also reduce allergens, 

prevent illness, and reduce injury from accidents. It is very important that educational 

programs be developed that teach households how to reduce these factors.  

2.3 FINDINGS AND DISCUSSION 

Housing-related environmental factors are classified into three major categories. 

In order to assess the potential health benefits of green affordable housing, a 3 categorical 

matrix consisting of 11 major housing-related factors are developed (Table 3).  

The first category addresses factors that are related to indoor housing conditions. 

Reviews on indoor environmental factors have lead to identifying five indoor 

                                                 
40 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) (2007) 
ANSI/ASHRAE 62.2-2007: Ventilation and Acceptable Indoor Air Quality in Low-Rise Residential 
Buildings (ANSI Approved). 
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environmental factors: Indoor Air Quality, Indoor Thermal Condition, Noise, Lighting, 

and Electromagnetic Fields—as critical factors to occupants’ health. Structural conditions 

of housing are also another critical factor in this category because it represents the 

morbidity and disability of injuries; which can occur at home. Indoor environmental 

factors affect an occupant’s health directly. The IAQ and the thermal condition are the 

most critical among the 6 items in this category.  

The five HHPs are incorporated into the indoor air quality section as: dry, clean, 

pest-free, contaminant-free, and ventilated. The HHPs put great emphasis on the health 

impacts of IAQ, thereby providing proper methods of improvement. What the HHPs 

recommend to improve IAQ can be implemented either by structural modifications or 

behavioral modification. In particular, the structural modifications (e.g., providing a 

continuous air barrier between the living space and garage, or installing operable 

windows, skylights, and others) are more practical to implement in green building 

program guidelines. It would be more economical to implement the suggested methods 

from the design process rather than modifying later. Green building retrofits need to 

address the structural modification effectively to improve IAQ.   

Indoor thermal condition is directly associated with energy use in housing. 

Currently, heating and cooling is responsible for about 56% of energy use in home,41 

which means green buildings’ energy efficiency have impact on the heating and cooling 

the most significantly. Indoor thermal conditions are significantly affected by regional 

climate. Variable climate conditions play an important role in improving individuals’ 

health condition. For instance, regions with the coldest winter, such as New York and 

Minnesota, have heating concerns, whereas regions with the hottest summer, such as 

                                                 
41 U.S. Dept. of Energy (n.d.) Energy-Saving Tips > Heating & Cooling. 
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Texas and Arizona have cooling concerns. Therefore, green building programs need to 

address regional climate patterns for energy-efficient building design that would 

eventually affect an occupant’s perceptions on thermal condition. 

Indoor noise is also affected by other noise sources such as traffic volumes, 

proximity to the roads and other factors. Therefore, the mitigation of indoor noise 

problems must consider external noise conditions. Lighting can also impact occupant’s 

health. Exposure to the small amounts of ultraviolet through natural lighting systems can 

be beneficial in providing vitamin D.42 Although natural-lighting design can have a 

positive effect on reducing energy use in homes, excessive openings for the natural 

lighting reduces energy efficiency through the HVAC system. Balancing health benefits 

of natural lighting and energy loss through these openings can be the issues regarding 

green building. 

Both electromagnetic field exposure and structural conditions of housing affect 

one’s health. Although controversial, many researchers have found potential health risks 

from electromagnetic exposure.43 Many home appliances such as microwaves, 

computers, and fluorescent lights release electromagnetic waves, which may cause 

chronic fatigue, headaches, brain tumors, leukemia, cataracts, heart problems, 

forgetfulness, and even cancer. Structural issues relate to building codes and inspections. 

Both building codes and housing inspection check the minimum standards for safe 

structure. Therefore, structural conditions can be controlled through building codes and 

inspections, rather than green building guidelines. Instead, green building guidelines can 

provide proper operation manuals that residents can keep for safe indoor environments. 

                                                 
42 World Health Organization (WHO) (2010) Health effects of UV radiation. 
43 Mercola, Joseph (2010) Are EMFs Hazardous to Our Health? Mecolra.com 
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Each environmental factor regarding housing conditions may be improved by reducing 

risk factors from physical improvements to households or public health agencies.  

The second and third categories include factors related to neighborhood 

conditions and housing affordability; which require a neighborhood assessment. For 

instance, accessible public transportation systems in a rural housing development would 

be a difficult task to achieve, because the social context of the development site must be 

considered. Housing affordability might sacrifice accessibility to good neighborhoods or 

improving housing conditions. Housing affordability need to be aligned with other 

housing programs such as Housing Choice Voucher Program (section 8) because green 

affordable housing standards cannot provide a solution for the financial obstacles of 

affordable housing development. Factors in these categories would require 

multidisciplinary interventions to improve health related risks. 
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Table 2. Housing Health Performance Evaluation Criteria 

Categories Determinant Factors Agents Health Impacts 
 IAQ Biological contaminants: 

Fungi, bacteria, viruses, 
protozoa, algae, pollen and 
plant fragments, hair, dander, 
and saliva from dogs and 
cats; dust mites, bacteria, 
fungal spores and fragments 

Serious lung defects 
Asthma 
Allergies 
Sinusitis 
Eye irritation 
Nasal irritation 
Pontiac fever 
Legionnaires’ disease 
Aspergillosis 
Pseudomonas infection 
Organic dust toxic syndrome 
Hypersensitivity pneumonitis44 
Sick building syndrom 

Chemical contaminants: 
CO, ozone, ETS, VOCs, and 
pesticides. 

Other: Asbestos, Lead, 
Arsenic, and Radon 

Conditions 
within Home 

Thermal Condition Improper HVAC systems 
Extreme weather conditions 

Thermal discomfort 
Heat stress  
Cold stress 

Noise 
*Although an 
occupant experience 
the noise inside home, 
the major noise 
sources come from 
outside home. 

Noise from traffic volume 
 

Sleep Disturbance 
Long lasting stress by indoor noise 
elevated blood pressure, circulatory 
disease, ulcer, and colitis. 
Hypertension  
Annoyance  
Speech Intelligibility45 

Lighting Natural lighting Natural lighting to allow UV light 
exposure of housing areas, to take 
advantage of the disinfectant activity of 
UV light. 
Natural lighting to expose residents to 
vitamin D from sunlight. 

Brightness 
 

Injuries 

Electromagnetic Exposure to the 
electromagnetic field 

Increase cancer risk 

 Structural conditions Injuries Poisoning, fires, inhalation, suffocation, 
and drowning  

Neighborhoods  
 
 
Conditions 

Socioeconomic 
characteristics of 
neighborhoods 

Accessibility to Green 
spaces, transportation 
systems, medical services, 
foods, and jobs 

Reduced physical activities 
Increased obesity, and cardiovascular 
disease rates. 
Malnutrition 
 

                                                 
44 ASHRAE (2009) Handbook—Fundamentals 10.2 from the Table 1 Illnesses Related to Exposure in 
Buildings. 
45 UC Berkeley Health Impact Group (n.d.) Oak to Ninth Avenue Health Impact Assessment: Chapter 7 
Noise.  
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Physical characteristic 
of sites 

Environmental health 
hazards I (natural 
environments)  
Floor plain, steep slope and 
others. 

Injuries 

Environmental health 
hazards II (built 
environments) 
Proximity to power lines. 
Proximity to heavy roads 

Childhood leukemia46 
Cancer  
Noise-related health outcome(see the 
noise section) 
Injuries 

Neighborhood safety Unsafe environment to walk 
around 

Reduced physical activities 

Housing 
Affordability 

Housing price and 
households’ income 

Limit on the households’ 
expenses of foods, energy, 
and health care. 

Malnutrition 
Poor childhood development 
Unhealthy thermal conditions 

Other Maintenance Training for occupants for 
appropriate maintenance. 

 

 

                                                 
46 Keen, Charles M. (2008) Possible Biological Effects of Electromagnetic Fields Associated with Electric 
Power Systems. EMFServices.com.  

Table 2 continues 
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Chapter 3: Green Buildings 

3.1 GREEN BUILDING PROGRAMS IN THE U.S. 

Two oil crises in the 1970s triggered a nationwide movement advancing energy 

conservation and alternative energy sources. As one of the major energy-consuming 

sectors, building industry has participated in this movement. It mainly has pursued high 

energy efficient building systems as one potential solution to the country’s energy 

problem. Energy efficiency in building can be achieved through implementation of 

various engineering technologies and design methodologies. Major methods that reduce 

energy in a building include passive solar design, airtight building envelopes, energy 

efficient windows, high R-value insulation, energy efficient appliances, and lighting as 

well as energy generation. In the early 1990s, the concept of green buildings appeared to 

embrace design concepts along with other conservation strategies such as water 

conservation, construction waste reduction, toxic reduction, IAQ improvement, and 

implementation of renewable materials. Finally, the first green building program was 

initiated in the late 1990s. Since then, additional green building programs have been 

developed, and green building technologies have become far more advanced. 

In 1992, EPA introduced Energy Star as a voluntary labeling program designed to 

identify and promote energy-efficient products to reduce greenhouse gas emissions. 

Through 1995, EPA expanded the label to additional office equipment products and 

residential heating and cooling equipment. In 1996, EPA partnered with DOE for certain 

product categories. Now, the Energy Star has different labeling systems for major 

appliances, office equipment, lighting, home electronics, and even for homes and 

commercial and industrial buildings.47  

                                                 
47 U.S. Environmental Protection Agency (n.d.) History of Energy Star. 
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The U.S. Green Building Council (USGBC)’s Leadership in Energy and 

Environmental Design (LEED) is the most recognized green building program in the U.S. 

The first LEED program was introduced in 1998. It included a checklist describing 

possible points that were awarded depending on the presence of specific green features. 

The point-based rating systems were developed to consistently apply to all areas across 

the U.S. Since the first LEED point system was released, the USGBC has developed 

project rating systems depending on types of construction; new construction, existing 

buildings, commercial interior, core and shell, school, retail, health care, homes, and 

neighborhood development.48 

The other recognizable national green building programs are the National 

Association of Home Builders’ (NAHB) National Green Building Standard, Green 

Building Initiative’s (GBI) Green Globes, and the Enterprises Community Partners, Inc.’s 

(Enterprise) Green Communities. The NAHB’s standard is the International Code 

Council-700-2008 (ICC), which complies with the requirements of the American 

National Standards Institute (ANSI). The NAHB’s program allows regional flexibility to 

best fit local environments.49 Green Globes was initiated as a web-based evaluation tool 

to promote NAHB’s green building guidelines. Lastly, the Green Communities is a green 

building program that targets affordable housing development, and it includes a 

requirement that a certain percentage of housing units in a project should be dedicated 

specifically to low-income households.50 

During the last two decades of green building development, the financial, 

environmental, and health benefits of green buildings have been widely recognized. 

                                                 
48 U.S. Green Building Council (2010) LEED Rating Systems,  
49 National Associate of Home Builders (2008) About the Program: History of NAHBGreen. 
50 Enterprise Community Partners, Inc. (2010) About Green Communities. 
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According to Kats and Capital (2003), a 2% increase in upfront costs associated with 

green building construction brings about a 20% increase in life-cycle energy savings.51 

HUD also found that the Energy Star program implemented in public housing 

developments consumes approximately 30% less energy than does standard public 

housing,52 thereby saving housing authorities about $200 to $400 per unit per year.53 

Several environmental benefits are also realized as a result of green building 

implementation. These include enhanced and protected biodiversity and ecosystems, 

improved air and water quality, and conservation and restoration of natural resources.54 

Also, health benefits of green buildings are closely related to the improved indoor 

environment. Reduced respiratory disease, allergies, asthma, and sick building symptoms 

are all recognized health benefits of green housing.55 

The various types of benefits associated with green buildings are closely linked to 

one another, and together they can have compounding positive indirect impacts on 

various areas such as productivity, health, energy, or other social elements. What begins 

with a short term environmental impact can translate into significant positive impacts on 

both individuals and society as a whole. For instance, a green building improves the IAQ, 

which reduces occupant respiratory disease that increases productivity. Considering the 

benefits of green buildings, government agencies have been requiring their new or 

                                                 
51 Kats, Greg, Leon Alevantis, Adam Berman, Evan Mills, and Jeff Perlman (2003) The Costs and 
Financial Benefits of Green Buildings. A Report to California’s Sustainable Building Task Force. 
52 U.S. Government Accountability Office (GAO) (2008) Green Affordable Housing: HUD Has Made 
Progress in Promoting Green Building, but Expanding Efforts Could Help Reduce Energy Costs and 
Benefit Tenants. 
53 Ibid. 
54 U.S. Environmental Protection Agency (EPA) (2009) Why Green Building? 
55 Roodman, David M. and Nicholas Lenssen (1995) A Building Revolution: How Ecology and Health 
Concerns are Transforming Construction, Worldwatch Paper 124, Worldwatch Institute. Washington DC. 
pp. 5 
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retrofitted buildings to meet certain green criteria. Recently, federal agencies started to 

require green building standards for its government buildings; yet, at the household level, 

as many as six million households are still living in substandard and deteriorated housing 

conditions in the U.S.56 Therefore, government regulations that can promote green 

buildings can benefit residents in many low-income households. 

Substandard housing characteristics include leaking pipes, peeling paint, cracks 

and holes in ceilings.57 Poor housing conditions can drastically increase occupant health 

risk. As a result, an occupant living in poor conditions can suffer from both psychological 

and physical problems such as anxiety, depression, attention deficit disorder, substance 

abuse, aggressive behavior, asthma, heart disease, and obesity.58 Improved housing 

conditions can greatly reduce occupant health problems. The green affordable housing 

program can be a key solution this problem by providing healthier housing stocks or by 

retrofitting worse housing conditions into energy-efficient and healthier conditions. The 

following section examines the core issues of green building programs and how the core 

issues can improve the health conditions in low-income households. 

3.2 CORE ISSUES OF GREEN BUILDING PROGRAMS 

Although each green building program has its own guidelines, green building 

programs generally address five core issues; (1) smart land-use; (2) water conservation; 

(3) energy conservation; (4) resource-efficient materials; and (5) indoor air quality (IAQ) 

(Table 3).59 In addition to these core issues, green building programs require an 

                                                 
56 Srinivasan, Shobha, Liam R. O’Fallon, and Allen Dearry (2003) Creating Healthy Communities, Healthy 
Homes, Healthy People: Initiating a Research Agenda on the Built Environment and Public Health, 
American Journal of Public Health 93(9) pp. 1446-1450. 
57 Ibid. 
58 Ibid. 
59 Global Green USA (2007) Blueprint for Greening Affordable Housing. Island Press. Washington, DC. 
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integrated design process from initial design to construction, as well as proper 

operation/maintenance to address the core issues successfully.  

Table 3. Comparison of Core Issues in Major Green Building Programs60 

 Green Communities LEED for Home NAHB Green Building 

Year of Origin Launched 2005 Officially Launched Feb. 
2008 

Received ANSI approval Jan. 
2009 

Prerequisite 41 Prerequisites/ 125 PT 18 Prerequisites/ 129 PT 22 Prerequisites 

Core 
Issues 

Site, Location and 
Neighborhood Fabric Location and Linkages Site Design and Development 

Site Improvements Sustainable Sites Lot Design, Preparation, and 
Development 

Water Conservation Water Efficiency Water Efficiency 

Energy Efficiency Energy and Atmosphere Energy Efficiency 

Materials Beneficial to the 
Environment Materials and Resources Resource Efficiency 

Healthy Living Environment Indoor Environmental 
Quality Indoor Environmental Quality 

Operations and Maintenance Homeowner Awareness Operation, Maintenance, and 
Building Owner Education 

Integrated Design Innovation and Design 
Process N/A 

Certification 
Level 

N/A 
* A project can apply for 
Enterprise’s funding, if the 
project at least 15 SF homes 
occupied by low-income 
households. 

Certified, Silver, Gold, 
Platinum 

Bronze, Silver, Gold, and 
Emerald 

Based on previous reviews on housing-related environmental factors, smart land-

use strategies directly affect the factors related to the housing location and its 

neighborhood, and both the energy efficiency and the IAQ strategies affect the factors 

related to the indoor environments. Water conservation issue in the green building 

programs addresses savings of water use rather than water quality or safe drinking water. 

                                                 
60 This table is modified from the following article: Lindburg, Alison, Jim Bowyer, Kathryn Fernholz, 
Steve Bratkovich, and Jeff Howe (2009) Minnesota GreenStar Program and National Green Building 
Standard Comparison Report. Dovetail Partners, Inc. 
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Both LEED for Home and Green Communities require providing maintenance and 

operation manuals to the occupants. This requirement can be connected to the healthy 

homes’ “well-maintained” principle. However, the manuals do not necessarily include 

healthy maintenance guidelines because they are more about energy conservation and 

safety.    

3.2.1 Smart Land-use 

Identifying a suitable location is the first task in the green building design process. 

A suitable location is critical to successful green building design. The location provides 

the framework for many future options that are directly related to other green features.  

For example, the shape and orientation of the site, the context of nearby land-use, and 

local climatic conditions all establish a unique set of conditions that should be addressed 

during design and construction of a green building.61 The characteristics of the site and its 

its surroundings are very static elements, so it is difficult to modify them later. As well, 

factors like location and neighborhood characteristics have long-term impacts on 

residents’ health. Green building programs provide guidelines on how to associate the 

building project with its surrounding conditions through smart land-use to mitigate 

negative impacts. The most commonly suggested issues related to green building location 

selection are as follows; 

• Accessibility to existing infrastructure such as roads, water, and sewers; 

• Accessibility to an adequate public transportation system; 

• Proximity to community and retail facilities; 

• Preservation of farm land and green spaces; 

                                                 
61 Ibid. 
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• Avoidance of environmentally sensitive areas such as wetlands and habitat for 

endangered species; 

• Avoidance of environmentally hazardous areas such as steep slopes and flood 

plains; 

• Promotion of compact and infill developments; 

• Promotion of walkable and pedestrian-friendly designs; 

• Maximizing the benefits of solar design; and 

• Development on a grayfield, brownfield or adaptive reuse site62 

The suggested guidelines emphasize compact and infill development, utilization 

of existing infrastructures, walkable community, and connection to public transportation 

systems. These development methods will reduce personal vehicle mileage and increase 

the physical activities of residents. Ultimately, smart land-use will contribute to making 

sustainable and healthy communities by reducing air pollution, preserving green spaces, 

and removing health risks. Recently, these land-use patterns have been widely adopted in 

urban planning as well as in green building standards. Many cities have adopted these 

practices as part of their inner city redevelopment efforts. With the growing popularity of 

smart land-use practices, many housing researchers and affordable housing developers 

have voiced their concerns that smart land-use will threaten existing affordable housing 

in and around inner city smart land-use areas.63 

The inner cities that are the major targets of smart land-use have less capacity to 

build more housing units compared to suburban areas. As well, accessibility to good job 

                                                 
62 Enterprise Green Communities (2010) The Green Communities Criteria. 
63 Connerly, Charles E. (2004) Smart Growth: Opportunity or Threat to Affordable Housing? Paper for 
International Planning Symposium on Incentives, Regulations, and Plans –The Role of States and Nation-
States in Smart Growth Planning. 
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markets, existing infrastructure/accommodations, and public transportation systems make 

inner city land values much higher than in suburban areas. Worse yet, smart land-use 

principles possibly create massive gentrification, which relocates inner city low-income 

residents further from the inner cities. Many urban planners, researchers and policy 

makers already have recognized these problems and have therefore recommended 

policies to help preserve and provide affordable housing units within smart land-use 

areas.64 

Lastly, the safety of the community should be incorporated in smart land-use 

criteria in order to meet the goal of improving residents’ health. Bennett et al. (2007) 

pointed out that a neighborhood where the residents are reluctant to go out at night 

inhibits their regular physical activity.65 Feeling unsafe may also reduce their willingness 

to be more physically active. Both of these factors may limit the effectiveness of physical 

activity promotion strategies delivered in similar settings.66 In such settings, 

neighborhood safety may impact an individuals’ willingness to walk around.67 

3.2.2 Energy Conservation 

Energy conservation is the first priority among the five core green building issues. 

Most green building programs allocate a remarkable percentage of their rating scores on 

energy conservation components. For example, the LEED for Home program assigns 

26.61% (29 points) of the total green building rating score (129 points) to the energy and 

                                                 
64 Bohl, Charles C. (2000) New Urbanism and the City: Potential Applications and Implications for 
Distressed Inner-City Neighborhoods. Fannie Mae Foundation 2000. Housing Policy Debate 11(4) pp.761-
800 
65 Bennett, Gary G., Lorna H. McNeill, Kathleen Y. Wolin, Dustin T. Duncan, Elaine Puleo, and Karen M. 
Emmons (2007) Safe to Walk? Neighborhood Safety and Physical Activity among Public Housing 
Residents. Plus Med. 2007; 4(10) pp.1599–1606, discussion 1607. 
66 Ibid. 
67 Ibid. 
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atmosphere section. In addition, green building rating systems require a project to 

implement several energy efficiency strategies. Depending on how difficult the 

technologies are to achieve, each strategy can be either optional or mandatory. In Green 

Communities, at least seven out of nine rating criteria recommend that energy efficiency 

methods be implemented as a green strategy.  Such strategies will reduce the demand for 

for electrical energy. Energy efficient design, such as south-facing building orientation, 

maximizing natural ventilation and lighting, minimizing the building envelop, designing 

an air-tight building envelope, installing a higher R-value (thermal resistance) insulation, 

designing an energy efficient HVAC system, and installing an Energy Star rated 

appliances, lighting, and windows are also required. Optional practices include 

implementing renewable energy sources as well as Photo Voltaic (PV) Panels with grid 

systems. If a green building project implements these new technologies, it receives 

additional credits from the project rating score. Further, state of the art green building 

technologies can achieve zero net energy use, so that the building itself could supply its 

own energy demand through the high-tech energy conservation strategies. However, 

these high technologies are still exceptional because of the expensive cost.  

Overall, these energy conservation practices will significantly reduce energy use 

in buildings. Several researchers have evaluated the energy performances of green 

buildings. Based on the USGSA’s post occupancy evaluation, the 12 buildings that were 

evaluated used about 26% less energy than the national average, and they were 66% more 

efficient than ASHRAE 90.1 requirements.68 Energy conservation not only reduces 

energy bills, it enables low-come households to meet afford their energy needs at home. 

                                                 
68 Fowler, Kim M. and Emily M. Rauch (2008) Assessing Green Building Performance: A post occupancy 
evaluation of 12GSA Buildings. Pacific Northwest National Laboratory Richland, Washington 99352. 
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Researchers in the United Kingdom developed the term, “fuel poverty,” to 

describe circumstances in which households spend more than 10% of their income for 

adequate house heating.69 Based on this definition, about 15.9 million households in the 

U.S. are in fuel poverty. Thirty-six percent of the households in fuel poverty have 

incomes higher than the Federal Poverty Guideline in the U.S.70 Heating and cooling in 

particular contribute to about 50% to 60% of annual low-income consumer energy uses 

(Figure 4).71 These numbers lead to the conclusion that many low-income households 

suffer from undesirable indoor thermal conditions due to energy costs. This will increase 

their potential health risk. How might the thermal conditions affect occupant health? 

 

Figure 4. Residential Energy Bills and Energy Burden by Income Group7273 

                                                 
69 The House of Commons Energy and Climate Change Committee, 2010 
70 Power, Meg (2006) Fuel Poverty in the USA: the Overview and the Outlook. Energy Action No. 98.  
71 Power, Meg (2008) The Burden of FY 2008 Residential Energy Bills on Low-Income Consumers. 
Economic Opportunity Studies. Washington D.C.  
72 Ibid. 
73 The U.S. Dept. of Health and Human Services (HHS) has operated Low Income Home Energy 
Assistance (LIHEA) program to help low-income households with their home energy bills. The program’s 
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To answer this question, we need to understand the relationship between the 

human body and thermal conditions. In general, the human body perceives heat through 

heat conduction, convection, radiation, and evaporative heat loss. The air temperature, 

radiant temperature, relative humidity, air velocity, human activity and clothing all affect 

these perceptions.74 Depending on thermal conditions, the human body senses thermal 

comfort or discomfort. If conditions exceed certain limits, they will be fatal (Figure 5). 

 

Figure 5. Related Human Sensory, Physiological and Health, Responses for Prolonged 
Exposure 75 

                                                                                                                                                 
funding is distributed to states agencies and the state agencies execute the funding through supporting 
energy bill payment or paying for weatherization and energy-related home repairing. To be eligible, 
applicant should meet t the Poverty Guidelines issued by the HHS. For more information, check the 
website; http://www.acf.hhs.gov/programs/ocs/liheap/guidance/information_memoranda/im08-06.html  
74 Monash University (1999) Occupational Health and Safety Information Sheet - Thermal Comfort and 
Heat.  
75 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) (2009) 
ASHRAE Handbook: Fundamentals (I-E Edition): 10.2 Indoor Environmental Health -- Figure 1. 
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The concept of the thermal comfort is very important to understanding of 

desirable indoor temperatures. When an occupant “expresses satisfaction with the 

surrounding environment,”76 that condition is defined as thermal comfort. Any heat gain 

or loss beyond the thermal comfort zone will generate a sensation of discomfort. 

Furthermore, ongoing thermal discomfort can lead to symptoms of sick building 

syndrome, and exposure to extremely high or low indoor temperatures can be detrimental 

to one’s health. Extreme thermal conditions may be appearing more frequently because 

of changing climate patterns. Extreme weather conditions can affect two distinct health 

problems: heat stress and cold stress. 

First, the human body feels heat stress when it is exposed to excessive heat. 

Depending on the degree of thermal stress, the occupant can experience immediate or 

long-term health problems. In more severe cases, the advanced stages of thermal stress 

require medical support. Common indicators of heat stress are heat cramps, heat 

exhaustion, heat stroke, fainting, or heat rash. The human body starts to show symptoms 

including heavy sweating, paleness, muscle cramps, dizziness, headache, tiredness, 

nausea/vomiting, and fainting when it experiences high temperatures and/or inadequate 

replacement of fluids for 3 or more days.77 This condition is called “heat exhaustion,” and 

and it is considered a preliminary stage of heat stress. If heat exhaustion is left untreated, 

it may progress to a heat stroke, which is a medical emergency. 

The most extreme cases of heat stress can result from a climactic condition called 

a “heat wave.” Heat waves occur when severely hot weather, often combined with 

                                                 
76 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) (2009) 
ASHRAE Handbook:Fundamentals (I-E Edition). 
77 WebMD, Inc. (2002) Home Injuries Rising, Often Deadly Falls, Poisonings Pose Major Threats at 
Home. WebMD Health News. 
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humidity, lasts for several days. Heat waves can have a strong impact on human health, 

and can result in increased death rates. Several historic events have demonstrated that 

heat waves can be fatal. For instance, the 1995 Chicago heat wave killed 465 people in 

one week78 and about 800 people died within a month.79 More recent examples include 

the 2005 heat wave in Arizona, which killed 400 people, and the 2006 heat wave in 

California, which killed people.80 In Europe, 18,000 people died after a severe heat wave 

hit France in 2003.81 

The populations most susceptible to heat stress are the elderly and people with 

high-blood pressure. A study on heat vulnerability concluded that the frequency of heat 

waves, along with the individual age, gender, pre-existing disease, use of certain 

medications, degree of hydration, living condition, and housing conditions all affect the 

extent to which someone is vulnerable to heat stress.82 The study also pointed out that 

housing conditions, such as building type or the presence of air-conditioning, strongly 

influence an individuals’ susceptibility to heat stress. The increasing frequency of 

extreme heat conditions has increased the public’s attention to the severe impacts heat 

waves can have on health problems, not to mention one’s livelihood. The issue can be 

addressed through improvements in indoor thermal conditions. Improved energy 

efficiency from green building strategies can help vulnerable populations acclimate to 

potentially deadly weather conditions. 

                                                 
78 Eric Klinenberg (2002) Heat Wave: A Social Autopsy of Disaster in Chicago. The University of Chicago 
Press. 
79 Ibid. 
80 National Climatic Data Center (2006) Climate of 2005 Preliminary Annual Review: Significant U.S. and 
Global Events. 
81 Laurent Toulemon and Magali Barbieri (2006) The Mortality Impact of the August 2003 Heat Wave in 
France. 
82 Tan, Jianguo (2008) Commentary: People's Vulnerability to Heat wave. International Journal of 
Epidemiology 2008 37(2):318-320. Oxford University Press. 
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Similarly, extremely cold indoor conditions have also been associated with health 

problems. Cold stress, also called “hypothermia,” occurs when the body is exposed to 

cold environments for extended periods of time and is therefore unable to maintain a 

stable internal temperature. Hypothermia can occur even when thermal conditions are not 

extremely cold, as long as the body continues to lose energy to its surroundings. 

The populations most susceptible to hypothermia are the elderly and infants. The 

elderly can experience hypothermia even under mildly cold environments while younger 

people may just feel some thermal discomfort.83 According to the National Institute on 

Aging (NIA), about 10% of elderly people 65 and older have problems with their 

temperature-regulating systems.84 Between 3% and 4% of all hospitalized patients who 

are older than 65 are hypothermic.85 To make matters worse, elderly people may not even 

even feel that they are losing heat from their body as quickly as younger people. Also, 

elderly people may not adjust their body as well to changes in temperature.86 Elderly 

people that are sick and weak are even more vulnerable to cold stress. Other susceptible 

groups include poor people who are unable to afford enough heat, individuals who do not 

know how to keep warm, and individuals who live alone or in isolated areas.87 In 

addition, people who do not shiver or react to cold, or those that take certain medications 

that prevent the body from properly regulating their temperatures are other groups that 

are vulnerable to cold stress.88 Over 2.5 million elderly people are susceptible to cold 

                                                 
83 State of South Carolina (2010) Cold Weather Tips.  
84 McMahon, Betty (2008) Hypothermia Can Kill. Associated Content, Inc. 
85 Ibid. 
86 Bonnie Guiton (n.d.) Special Report on Cold Stress (Hypothermia) and Heat Stress. Hopkins 
Technology, LLC.  
87 Ibid. 
88 Ibid. 
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stress in the U.S., and about 25,000 elderly people in the U.S. potentially die each year 

because of cold stress. 89 

The health problems and mortality that result from both extreme heat and cold 

weather can be mitigated through improved indoor thermal conditions. Because elderly 

are the most vulnerable populations to these conditions and many low-income households 

do not have enough resources to cope with the extreme weather conditions, special 

attention is necessary to reduce the health risk of these populations. Green building 

energy conservation strategies can contribute to mitigating the aforementioned health 

risks by improving indoor thermal conditions. 

3.2.3 Indoor Air Quality (IAQ) 

According to EPA, poor IAQ is the fourth-highest environmental risk in the 

U.S.90 The average individual spends 90% of his or her time indoors where the level of 

pollutants may be 2 to 5 times, or even 100 times higher than outdoor levels.91 Indoor air 

contamination can cause occupant health problems such as asthma, cancer, lead 

poisoning, etc. The connections between IAQ and occupant health have been proven over 

the past few decades. Most green building programs address IAQ issues, but the degree to 

which they address these issues varies.  

Mermin et al. (2006)92 compared the existing green building programs’ IAQ 

criteria with the NCHH’s Healthy homes principles (HHPs) to evaluate how well green 

building programs addressed health issues (Table 2). The HHPs in particular reflected the 

                                                 
89 State of South Carolina (2010) Cold Weather Tips.  
90 ASHRAE Standing Standard Project Committee 62.2 (2010) Ventilation and Acceptable Indoor Air 
Quality in Low-Rise Residential Buildings. ASHRAE 62.2  
91 EPA (2009) Buildings and their Impact on the Environment: A Statistical Summary  
92 Naomi Mermin, Rebecca L. Morley, and Ellen Tohn (2006) Comparing Green Building Guidelines and 
Healthy homess Principles: A Preliminary Investigation. National Center for Healthy Housing 
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latest in scientific research and best management practices related to reducing housing-

related health hazards.93 Table 4 presents an evaluation of the results of the major green 

building and health home criteria. The evaluation showed that most IAQ components of 

green building programs aim at improving resident health. However, each green building 

program has some variances in the specifications of IAQ. For example, not all of the 

green building programs address the safety issue. The evaluation concluded that existing 

green building practices can be an opportunity to improve public health through 

improving green building strategies. Definitely, the potential exists to transform future 

housing stock into a much healthier stock. 

Table 4. Evaluations of IAQ Criteria of Four Different Green Building Programs94 

HHPs Green 
Communities 

LEED for 
Home 

NAHB 
Green Building 

Dry  A+ B C 

Clean D D D 

Ventilated A A C 

Safe D D D 

Contaminant-free A D D 

Pest-free  A+ B D 

Maintained  A+  A+ A 

Verified B  A+  A+ 

Overall grade  B+  B-  D+ 

3.3 SUMMARY OF FINDINGS AND CONCLUSION 

The previous sections reviewed a brief history and potential health benefits from 

three major existing green building programs. The review indicates that current green 

buildings may improve occupants’ health by promoting healthy neighborhoods, 

                                                 
93 Ibid. 
94 Ibid. 
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controlling thermal conditions, and improving IAQ. However, there is a limitation on 

what issues green building programs can address or not.  

For instance, the first green building issue, smart land-use, tries to link the 

housing development with other planning principles to promote healthy and sustainable 

neighborhoods. The rationale behind this is that residents in healthy neighborhoods are 

likely to either walk or use public transportation systems more than residents in other 

areas. They may also reduce their risks of obesity and cardiovascular diseases in the long 

run as a result of smart land use. The question is if green building by itself can address 

the physical characteristics of a community where the building is located. The answer is 

“possibly” yes. The green building developments must be accompanied by smart-land use 

frameworks provided by local government. Smart-land use strategies are not easy to 

implement, because government policies may not be feasible for developers. On the other 

hand, the emphasis on smart-land use principles might overlook the location issues of 

housing developments in rural area. The second issue, energy conservation, can assist 

low-income households and disadvantaged populations to accommodate themselves with 

improved thermal conditions. In addition, it helps residents to cope with extreme weather 

conditions. The third issue is improving; which may reduce the risks of chronic 

respiratory diseases.  

Despite the demonstrated health benefits, current green building programs need to 

strengthen their health components because current criteria do not fully address occupant 

health issues. For instance, most green building standards focus energy efficiency 

regarding appliances and not the health impacts of lighting. Impacts of noise and 

electromagnetic fields are also not addressed in existing green building programs. In 
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addition, major components of HHPs (i.e., cleanliness and safety) are excluded from 

existing green building guidelines. 

It is necessary to examine the existing green building criteria individually in order 

to identify possible improvements of the health components regarding green building. 

The following chapter will examine the match between Green Communities’ criteria and 

those criteria included in Table 2: Housing Health Performance Evaluation Criteria. 

Since Green Communities is the only national green affordable housing standard, then 

evaluation results can be a benchmark for local green affordable housing programs. 
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Chapter 4: Health Performance of Green Communities 

4.1 GREEN COMMUNITIES 

The previous chapter examined three core issues of green building programs and 

their overall health impacts. The results show that green building is aligned with factors 

known to bring positive health outcomes to occupants. In this chapter, Green 

Communities’ criteria will be evaluated to understand how green affordable housing is 

aligned with factors important to residents’ health. Enterprise’s Green Communities is 

chosen for this evaluation since Green Communities is the only national green building 

program targeting affordable housing development.  

More affordable housing developers and local governments are developing green 

affordable housing projects than ever. Enterprise has provided incentives to selected 

projects through funding or tax-credits to promote green affordable housing 

developments. As a result, more than 16,000 Green Communities’ affordable housing 

units have been built or preserved in more than 30 states across the U.S., since the 

program was initiated in 2005.95 The growing popularity of Green Communities will 

continue to affect affordable housing stocks, thereby improving low-income residents’ 

health conditions. Green Communities’ criteria and current healthy home issues need to 

be reviewed carefully in order to identify potential improvements to its standards. Green 

affordable housing can maximize its health benefits with limited financial resource 

depending on how it integrates health issues. This chapter thoroughly compares Green 

Communalities’ criteria with the healthy housing performance criteria identified in 

chapter two in order to identify the strengths and weaknesses of the current guidelines.   

                                                 
95 American Planning Associate (2010) News Center: Enterprise Green Communities Honored for 
Affordable and Sustainable Housing. 
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4.2 EVALUATION OF GREEN COMMUNITIES MANDATORY CRITERIA 

The criteria of Green Communities have eight categories: (1) Integrated Design 

Process; (2) Location and Neighborhood Fabric; (3) Site Improvements; (4) Water 

Conservation; (5) Energy Efficiency; (6) Materials Beneficial to the Environment; (7) 

Healthy Living Environment; and (8) Operations and Maintenance. A project must meet 

the Green Communities 41 mandatory requirements to be eligible for Green 

Communities’ incentives. There are also 25 optional criteria for new construction and 22 

for rehabilitation projects. The criteria itself is flexible; it includes the capacity to include 

alternative proposals which would achieve similar results. If a project applies for the 

Green Communities grant or other incentives, the project is reviewed by Enterprise staff 

prior to construction. This determines whether the proposed projects’ purpose and 

implemented designs and materials meet the Green Communities’ eligibility criteria.96 

Green Communities criteria’s health performance is examined below (Table 5). The 

following six evaluations present how Green Communities’ criteria comply with the 

healthy home performance evaluation. 

First, the criteria in the Healthy Living Environment section prevent indoor air 

degradation through several different methods. The major health benefits of the section 

include reductions of asthma and other chronic respiratory diseases. The Green 

Communities require using safe and non-toxic materials (Criterion 7.1, 7.2, 7.3, and 7.4), 

preventing dampness (7.5, 7.6, 7.7, 7.8, 7.9, 7.10, 7.11, 7.12, 7.13, and 7.16), removing 

LEED (Criterion 7.15) and Radon (Criterion 7.10), prohibiting environmental second 

smoking (Criterion 7.17), and alerting residents the CO poising (Criterion 7.18). 

                                                 
96 Enterprise Community Partners, Inc. (2009) Comparison of Green Communities and LEED for Homes 
Program. 
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Second, Green Communities standards require implementing energy efficient 

HVAC systems and appliances that meet the EPA’s Energy Star standards as well as, 

ASHRAE’s energy efficiency. It also requires proper sizing for HVAC systems (criterion 

7.7). Residents can enjoy reduced energy burdens and control the thermal condition to fit 

their thermal comfort level. In addition to energy efficient HAVC systems and cooling, 

each project can adopt advanced technologies to improve indoor thermal conditions. 

Finally, criterion 6.5 contributes to alleviating extremely hot temperature during the 

summer. 

Third, Green Communities requires the installation of energy efficient lighting 

appliances. These types of adjustments would eventually improve lighting conditions at 

home. Brighter conditions help visually impaired residents by being cautious of injuries 

that might happen under low lighted environments. However, special attention should be 

given to energy-efficient lighting appliances because of the transmission of ultraviolet 

and blue light emitted by compact fluorescent lamps; which may include health risks.97 

Further, the compact fluorescent lamps contain health hazards such as mercury, a toxic 

heavy metal, which can cause headaches, even further cancer. 

Fourth, Green Communities requires a project to be built within existing 

neighborhoods’ fabric for social, physical, and economically better neighborhoods. It 

strongly recommends infill development for the reviewing projects and it requires 

conducting a Phase I Environmental Site Assessment and preparing erosion and 

sedimentation control. Section 2 and 3 of Green Communities’ criteria address smart 

land-use principles properly. Although the criteria don’t state mixed-income communities 

                                                 
97 California Energy Commission (2010) Consumer Energy Center > Lighting> Bulb> Incandescent, 
Fluorescent, Halogen & Compact Fluorescent.  



45 
 

directly, it may imply that affordable housing units need to be built within 

socioeconomically mixed communities. 

Fifth, the housing affordability is the ultimate goal of Green Communities. Not 

only does Green Communities create green building guidelines, but they try to build more 

affordable housing units that guarantee housing affordability. As mentioned earlier, the 

lack of affordable housing limits low-income households’ expenditures for food, medical 

care, and other necessities in order to pay rent. Green Communities contributes to low-

income households’ health improvement, by providing affordable units within mixed 

income communities. In addition, the reduced energy bills through high energy efficiency 

will support families by affording them better foods or more medical services. 

Sixth, residents in Green Communities’ projects may improve their health 

condition if they follow operation and maintenance manuals that are provided by property 

developers (Criteria 8.1, 8.2, and 8.3). Several Green Communities projects that have 

been built have provided healthy home guidelines to their residents as well as operation 

manuals.  

Several projects show that the Green Communities guideline can be practiced and 

green affordable housing projects may improve low-income households’ health 

conditions. High Point, a public housing redevelopment project through HOPE VI 

program in Seattle Washington, would be one of best practices applying these criteria. 

Built during the World War II for industrial workers, it turned into the public housing in 

1953. Since then, High Point has become dilapidated and distressed low-income, inner-

city community until the redevelopment happened in 2004.98 The HOPE VI 

                                                 
98 National Center for Appropriate Technology (n.d.) Smart Growth In Action: High Point Redevelopment, 
Seattle, Washington. Smart Growth Online. 
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redevelopment turned the distressed old affordable housing units into mixed-income 

units, as well as made them into healthy and safe neighborhoods. The location of the 

project played a major role in incorporating smart-land use principles for the 

redevelopments. The major project components include construction of civic buildings 

(e.g., retails, medical centers, and community center within the site), and good access to 

the public transportation. Of the 716 previous public housing units, 466 units are kept in 

newly developed 1,600 mix-income units.99  

From the initial design process, High Point followed the local green affordable 

housing standard, Built Green, which became the model of Green Communities. For 

energy conservation, they included: Energy Star appliances, pin-connected fluorescent 

light fixtures, timer-controlled whole-house fans, and tankless water heaters tied to 

radiator-based hydronic heating systems were implemented. All outdoor lights are 

controlled by daylight sensors. These strategies were expected to reduce energy demand 

by another 30% to 40%.100  

To improve indoor air-quality, High Point incorporated the Breathe-Easy Homes 

initiative for 35 units. Major components of Breathe-Easy are: air-filtration systems; 

operable windows for ventilation, low-VOCs materials, and easy-to clean flooring and 

other surfaces.101 Krieger et al. monitored 35 families and found that the new housing 

environment reduced children’ asthma symptoms more than 65 % than their previous 

homes, thereby reducing the children’s visit to an emergency room about 300% less.102 In 

In addition, their parents’ quality of home and work life also improved. High Point 

                                                 
99 City of Seattle (2005) Department of Planning and Development > Planning Exhibit > High Point. 
100 Enterprise Partners, Inc. (2007) High Point: Energy Use. 
101 Ibid. 
102 Krieger, James et al. (2006) Healthy Homes and Early Learning Addressing Social Determinants of 
Health in Seattle & King County. 



47 
 

developments also give attention to providing visual comfort for occupants as well as 

saving energy through Energy Star lighting equipments.  

Chuska Apartments project in Gallup, New Mexico is another noticeable Green 

Communities project. Although Green Communities emphasize smart-land use, this 

project was built in a rural area. However, all other conditions of the project meet the 

Green Communities criteria. It also provides the resident with a healthy home manual to 

give information on how to clean to keep the home healthy.103 Although Mermin et al. 

(2006)104 said that most green building programs do not include “clean” in the criteria for 

for healthy homes, many Green Communities’ projects have address the issue by 

providing proper information to the residents. 

4.3 FINDINGS AND DISCUSSION 

The overall result is that Green Communities criteria comply with 8 out of 11 

subcategories in healthy home performance evaluation (the second column of Table 5). In 

terms of indoor environmental factors, Green Communities’ criteria have the potential to 

bring health benefits through improved indoor air quality and thermal conditions. Green 

Communities’ green criteria also addresses health issues related to noise and 

electromagnetic field exposure. Although the two issues are under the indoor housing 

environments, the major source comes from the outside of a home. Green Communities’ 

criteria require conducting Phase I Environmental Site Assessment, which can identify 

possible health threats from the surrounding noise and electromagnetic field exposure. If 

any potential health hazards are found, the site would need to further investigate  and 

                                                 
103 Enterprise Community Partners, Inc. (2009) Comparison of Green Communities and LEED for Homes 
Program.  
104 Naomi Mermin, Rebecca L. Morley, and Ellen Tohn (2006) Comparing Green Building Guidelines and 
Healthy homess Principles: A Preliminary Investigation. National Center for Healthy Housing. 
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decide whether the site is adequate for housing development or not. Since Phase I, 

Environmental Site Assessment, mainly depends on the investigator’s visual evaluation; 

it might not properly address potential health risks associated with surrounding noise and 

electromagnetic field exposure. In addition, local building codes regulate the noise for 

dwelling units, but they don’t necessarily guarantee the best acoustic indoor 

environments. Green Communities’ criteria do not address the health impacts of lighting, 

electromagnetic exposure from home appliances, and structural deficiencies.  

In terms of neighborhood characteristics, Green Communities criteria promote 

infill/compact developments, utilization of public transportation modes, and promote 

good health. As discussed in Chapter 2, these strategies bring positive health impacts on 

low-income families. The question is how affordable housing development can be moved 

into good neighborhoods. High Point redevelopment project is a good example to answer 

this question. This project shows that distressed public housing stocks might be 

redeveloped as healthy communities by incorporating green building guidelines with 

other housing programs such as HOPE VI and incentives like Low-Income Housing Tax 

Credit. According to Harrell et al. (2009), considerable number of privately-owned, 

federally subsidized affordable housing units, (more than 250,000, in 20 metropolitan 

areas) are located near and around public transit modes.105 Since many affordable 

housing units are spread out within Section 8 or Section 202 voucher programs, 

improving the conditions of the existing affordable units near the transit can be another 

way of addressing health issues in affordable housing. High Point project and Harrell et 

                                                 
105 Harrell, Rodney, and Allison Brooks, and Todd Nedwick (2009) Preserving Affordability and Access in 
Livable Communities: Subsidized Housing Opportunities Near Transit and the 50+ Population. 
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al.’s (2009) study shows the potentials that the existing affordable housing stocks can 

turn into healthy environments.  
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Table 5. Assessing Health Performance of Green Communities Criteria 

Categories Determinant 
Factors Agents Green Communities Criteria 

 IAQ Biological 
contaminants: 
Fungi, bacteria, viruses, 
protozoa, algae, pollen 
and plant fragments, hair, 
dander, and saliva from 
dogs and cats; dust mites, 
bacteria, fungal spores 
and fragments 
 
Chemical 
contaminants: 
CO, ozone, ETS, VOCs, 
and pesticides. 
 
Other: Asbestos, Lead, 
Arsenic, and Radon 

7.1. Use Low / No VOC Paints and Primers. 
7.2. Use Low / No VOC Adhesives and Sealants. 
7.3. Urea Formaldehyde-free Composite Wood 
7.4. Green Label Certified Floor Coverings. 
7.5a Install Energy Star-labeled bathroom fans. 
7.6. Install a ventilation system (dwelling unit). 
7.8. Use tankless hot water heaters or install 
conventional hot water heaters in rooms with drains 
or catch pans with drains piped to the exterior. 
7.9a. In wet areas use materials that have smooth, 
durable, cleanable surfaces. 
7.9b. Use fiberglass or similar enclosure or, if using 
any form of grouted material, use backing materials 
such as cement board, fiber cement board or 
equivalent. 
7.10a. Provide vapor barrier under all slabs. 
7.10b. In EPA Zone 1 and 2 areas, install passive 
radon-resistant features below the slab along with a 
vertical vent pipe with junction box available. 
7.11. Provide drainage of water to the lowest level 
of concrete away from windows, walls and 
foundations. 
7.12 Provide a continuous air barrier between the 
conditioned (living) space and any unconditioned 
garage space. 
7.13. Clothes dryers must be exhausted directly to 
the outdoors. 
7.14. Provide integrated pest management system. 
7.15. Lead-Safe Work Practices (Rehabilitation). 
7.16. Use healthy flooring materials: 
7.17. Enforce a “no smoking” policy in all common 
and individual living areas. 
7.18. Specify power vented or combustion sealed 
equipment. Install one hard-wired CO detector. 
 

Conditions 
within Home 

Thermal 
Condition 

Improper HVAC systems 
Extreme weather 
conditions 

5.1. Meet Energy Star standards 
6.5a, b, and c. Reduce Heat Island Effects through 
roofing, paving, and plantings. 
7.7 Size heating and cooling equipment in 
accordance with proper standards 

Noise Noise from traffics N/A  

Lighting Natural lighting 2.4a. Orient building to make the greatest use of 
passive solar heating and cooling (potential). 

Brightness 5.3a. Install the Energy Star Advanced Lighting 
Package. 
5.3b. Install daylight sensors or timers on all 
outdoors lighting. 
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Electromagnetic 
fields exposure 

 N/A 

 Structural 
conditions 

Injuries N/A 

Neighborhoods 
Conditions 

Socioeconomic 
characteristics of 
neighborhoods 

Accessibility to Green 
Spaces, transportation 
systems, medical 
services, foods, and jobs 

2.1a. Locate the project with access to existing 
roads, water, sewers and other infrastructure within 
or contiguous to existing development. 
2.1b. Avoid environmentally critical areas. 
2.1c. Locate the project within one-quarter mile of at 
least two, or one-half mile of at least four 
community and retail facilities. 
2.3. Connect project to the pedestrian grid, public 
spaces, and open spaces and provides pedestrian 
friendly features. 

Physical 
characteristic of 
sites 

Environmental health 
hazards I (natural 
environments)  
Floor plain, steep slope, 
and others 

3.1. Conduct a Phase I Environmental Site 
Assessment. 
3.2. Erosion and Sedimentation Control. 

Environmental health 
hazards II (built 
environments) 
Proximity to power lines, 
heavy roads, and other 
hazards 

3.1. Conduct a Phase I Environmental Site 
Assessment. 

Neighborhood 
safety 

Unsafe environment to 
walk around 

*Overall concepts of Location and Neighborhood 
Fabric possibly meet these criteria. 

Housing 
Affordability 

Housing price 
and households’ 
income 

Limit on the households’ 
expenses of foods, 
energy, and health care. 

* Green Communities promotes affordable housing 
for low-income households. 

Other Maintenance Training for occupants 
for appropriate 
maintenance. 

8.1. Provide building maintenance manual. 
8.2. Provide a guide for homeowners and renters. 
8.3. Provide a walk-through and orientation to the 
homeowner or new resident. 

 

Table 5 continues 
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Chapter 5: Conclusions 

5.1 CONCLUSION AND FUTURE RESEARCH 

The review of green affordable building programs and of literature on the health 

impacts of various housing features shows that green building programs have the 

potential to improve one’s health indeed. In particular, the examination of Green 

Communities’ health performance shows what are the major strengths and weakness of 

the current green affordable housing practices to promote public health.  

Green Communities applies four major approaches to improve resident’s health 

outcomes; improve indoor environments, locate housing in good neighborhoods, 

maintain housing affordability, and modify residents’ behaviors. First, Green 

Communities’ requirements can improve IAQ and thermal condition because they utilize 

the major healthy home principles. In addition, the improved energy efficiency can help 

residents adjusting the indoor thermal conditions best to fit their thermal comfort. 

Second, Green Communities’ criteria in Site Improvements and Healthy Living 

Environment try to move low-income households into socioeconomically and physically 

better neighborhoods. Third, government’s funding and incentives support the Green 

Communities’ projects maintain housing affordability. Fourth, many Green 

Communities’ projects are utilizing operation and maintenance manuals to provide 

residents information on how to keep the healthy housing environments. These 

approaches can have positive health impacts to low-income households.  

However, there are major the housing-related health issues, which Green 

Communities’ checklist does not address. First, it does not address structural conditions 

associated with injuries. Structural deficiencies can be found through inspections, but 

Green Communities doesn’t have a system, which can inspect once the residents move to 
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the home. Second, new high-tech appliances (e.g., compact fluorescent lamps), which 

Green Communities recommends for energy efficiencies, may have potential negative 

health impacts. Implementation of new technologies requires systematic review of 

potential hazards. Therefore, health impact assessment is necessary to prevent unexpected 

health problems. Third, Green Communities could not address the existing substandard 

housing problems since it targeted on new construction or retrofits. Recently, Enterprise 

Retrofit Audit Protocol has been established. Whether the new plan will bring positive 

health impacts needs to watch.    

In terms of other housing-related environmental factors; noise, lighting, and 

electromagnetic field exposure; Green Communities’ criteria do not provide clear 

guideline to mitigate their health impacts. Although existing requirements—conducting 

Phase I Site Assessments in a relation with noise and electromagnetic field exposure 

mitigation, south-facing building orientation in a relation with natural lighting—can 

address problems associated with those factors, more specifications need to be 

incorporated into the existing criteria to mitigate negative health impacts by the factors.  

Now, many Green Communities projects demonstrate how green affordable 

housing projects can contribute to improve low-income families’ quality of life, as well 

as communities’ characteristics. The High Point project in Seattle is one of the good 

examples, which illustrate the green affordable housing can be a tool for community-

based approach. High Point project could maximize green building’s health benefits by 

collaborating healthy home initiative, Breath Easy. As a result, residents’ chronic health 

problems, in particular asthma symptoms, have reduced. In addition, the project 

conducted self-reporting evaluation for the safe and walkable neighborhoods 
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environments.106 It indeed increased the residents’ physical activities.107 This project 

shows how green affordable housing project can be a comprehensive tool, which 

addresses a range of ecological approaches for health promotion.  

Green affordable housing must be a tool not a goal to achieve low-income 

household’s health promotion. From a policy perspective, green affordable housing has 

the potential to reducing public health costs while lowering energy costs for households 

and community-based developers. Many government entities and non-profit 

organizations have been striving to promote energy efficient and healthy buildings to 

save energy and to improve public health. However, many agencies and professionals in 

the affordable housing field lack the expertise to develop green affordable housing 

projects effectively. More education systems such as workshops and training sessions 

need to be available for those agencies to get technological and financial information 

about green affordable housing.   

In addition, affordable housing developers need to join this movement to add 

more green affordable housing units on the private housing market. Although the long-

term financial and health benefits of green affordable housing are obvious, the higher 

upfront construction costs are still an obstacle to attract private housing developers. To 

address this issue, governments need to incentivize the use of healthy and energy efficient 

technologies and building practices in affordable housing. Possible government 

incentives include tax credit, fee waiver, grant, or design consulting services. 

                                                 
106 Krieger, James, Janice Rabkin, Denise Sharify, and Lin Song (2009) High Point Walking for Health: 
Creating Built and Social Environments That Support Walking in a Public Housing Community. American 
Journal of Public Health Supplement 99(S3) pp. 593-599. 
107 Krieger, James, Janice Rabkin, Denise Sharify, and Lin Song (2009) High Point Walking for Health: 
Creating Built and Social Environments That Support Walking in a Public Housing Community. American 
Journal of Public Health Supplement 99(S3) pp. 593-599 



55 
 

Finally, more research on housing and health issues is required to identify better 

intervention methods. 
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Appendix A. Green Communities Criteria Checklist108 

 
                                                 
108 Enterprise 
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