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Executive Summary 

MFAN (Military Family Advisory Network) survey data from 16,000 respondents living in privatized 

military housing are used to examine trends and linkages between environmental illness and home 

maintenance.  The MFAN data was collected from 200 US facilities spread across North America and 

Hawaii in response to the MFAN organization’s investigation of dissatisfaction in privatized military 

housing.  Privatized military housing management firms self-report high satisfaction rates (80%) to the 

US military that conflicts with dissatisfaction reports received by MFAN from housing residents.  We use 

the MFAN survey data as a reflection on rental housing in general, and assert that observed trends and 

relations are valid beyond privatized military housing. 

Environmental illnesses are strongly linked to visible mold. Mold occurrence correlates with HVAC 

(comfort conditioning) systems, plumbing, and building structure problems.  HVAC, plumbing and 

building structure issues are directly linked with survey respondents’ dissatisfaction with maintenance.  

And, housing residents’ dissatisfaction with maintenance is a strong factor in residents’ overall housing 

satisfaction.  In other words, improved maintenance practices that reduce HVAC, plumbing and building 

structure problems will significantly improve resident health and housing satisfaction. 

Housing dissatisfaction increases as home occupant income decreases.  Lower income housing residents 

receive poorer maintenance with a resulting environmental illness increase.  In addition to higher levels 

of home occupant dissatisfaction and increased prevalence of environmental illness, lower income 

housing residents are taxed with higher out-of-pocket expenses related to self-remediated health 

problems, maintenance fixes, and elevated utility bills.  A destabilizing set of circumstances forms in 

which the hidden expenses of lower cost housing cut disproportionately into a household’s precious 

discretionary income. 

Smart ventilation and comfort conditioning systems represent disruptive technologies that can improve 

housing maintenance efficiency and lower maintenance costs.  Estimates of the value of smart housing 

technologies and potential environmental illness and energy savings are discussed. 

Trends and relationships among survey topics and housing satisfaction are summarized below. 

1) 1 out of every 4 homes reporting visible mold also report someone suffering from an 

environmental illness. 

2) Approximately 40% of privatized military homes report mold and 10% report environmental 

illness. 

3) Homes in warm, dry climates have less mold than homes in warm, humid climates, however, 

homes in all climatic conditions are susceptible to high levels of mold and environmental illness. 

4) Mold occurrence is related to HVAC (comfort conditioning) issues and plumbing problems with 

nearly 0.8% increase in mold for every 1% increase in either HVAC or plumbing difficulties. 

5) An increase of 0.6 to 0.7% in maintenance dissatisfaction occurs for every 1% increase in either 

HVAC or plumbing issues. 

6) Overall housing satisfaction is directly related to income with a satisfaction grade of 2.4 for 

$2000 per month income earners and nearly 3.0 for incomes of $12,000 per month (based on a 

5 point scale with 3.0 representing neutral, 1=very negative, 5= very positive). 

a. The overall satisfaction grade for 200 military facilities is 2.43. 



7) Housing residents’ “very negative” responses are twice as high (20% versus 10%) for low income 

households than high income households, while “very positive” responses to housing conditions 

are half as great (2.5% versus 5%) for lower income households. 

8) For the military in particular, and rental management firms in general, improved maintenance 

practices that reduce HVAC (comfort conditioning), plumbing and structural problems will 

significantly improve resident housing satisfaction, decrease environmental illness, and decrease 

home occupant out-of-pocket expenses. 

a. Maintenance dissatisfaction has strongest cross correlation coefficient (-0.56) with 

overall housing satisfaction indicating the best way to improve housing satisfaction is 

improved maintenance. 

b. Other survey topics strongly related to housing satisfaction are: paying out-of-pocket 

expense (-0.37), management lying (-0.35), plumbing problems (-0.34), management 

issues (-0.3), weather damage to housing (-0.25), and climate control issues (-0.20). 

c. Maintenance is the key to improving correlation topics in b.  Whether housing 

management is “lying”, or disgruntled residents are interpreting excuses and lack of 

maintenance response as lying, residents will be more satisfied with more effective 

maintenance.  

9) Environmental illness most strongly correlates to mold (0.69), HVAC (climate control, 0.42), out-

of-pocket expenses (0.36), insect pests (0.35), building structure (0.34), and plumbing (0.27).  

“Praise” of housing comments decrease with increased environmental illness (-0.34). 

10) The occurrence of mold is strongly related to building structure problems (0.50), plumbing 

(0.38), HVAC issues (0.34), and insect pests (0.35).  Interestingly, mold occurrence is weakly 

correlated to maintenance, indicating a higher order or indirect linkage of maintenance 

dissatisfaction to mold through HVAC, plumbing and building structure problems.  Note that 

building structure problems, as well, may be the result of damage from leaking HVAC and 

plumbing systems. 

 

Rental housing residents suffer from poor maintenance practices as building owners seek to maximize 

profit by minimizing cost.  Housing residents and the populace as a whole are affected by poor 

maintenance elevating health and energy costs.  Today’s “smart” technologies, such as CERV2 smart 

ventilation and comfort conditioning systems are disruptive technologies that can decrease 

maintenance costs while improving indoor environmental quality. 

The results of this report identify pathways for the US military leadership to improve privatized housing 

problems.  Improved maintenance coupled with smart ventilation and comfort conditioning 

technologies will provide the most bang for the buck in improved housing satisfaction and reduced 

operating costs.  Military leadership would also gain direct access to privatized military housing 

performance through smart monitoring and control of ventilation and comfort conditioning. 

Home owners also benefit by the lessons learned from the MFAN survey and this report’s analyses.  No 

matter how “green” you have designed and constructed a home, a poorly maintained home will make 

its occupants sick and increase energy usage. 

  



Introduction 

Home occupant comfort and well-being are dependent on good maintenance practices.  Poorly 

maintained HVAC systems, leaky plumbing, and structural problems degrade indoor environment quality 

and increase environmental illnesses.  Lower income households have higher maintenance 

dissatisfaction with a disproportionate increase of environmental illness, illness-related costs, and out-

of-pocket expenses.  Smart ventilation, a disruptive technology, can improve maintenance effectiveness 

at reduced cost with a resulting decrease in environmental illness. 

We investigate the relationship between maintenance and environmental illness in homes using survey 

data from the Military Family Advisory Network (MFAN) (1, 2, 3).  Primary maintenance issues are poor 

performing heating and cooling systems, and plumbing problems.  Comfort conditioning and plumbing 

problems are found to be related to mold occurrence, which in turn, is strongly related to environmental 

illness.  Building structure problems are also significant indicators of poor maintenance and 

environmental health problems.  Building structure problems can also be a symptom of problems 

originating with HVAC moisture and plumbing leakage issues. 

Improved maintenance in lower income rental housing is a difficult but important problem to solve.  

Beyond the direct cost of an environmental illness (doctor visits, medications, emergency room visits) 

are indirect effects such as missed days at work or school, and a decrease in one’s work or school 

performance.  For the military, environmental illness degrades military personnel preparedness and 

indirectly impacts military personnel readiness caused by worry about their family’s well-being. 

Housing maintenance is analogous to auto maintenance.  A car’s oil filter, air filter, and general 

preventive maintenance should occur at similar mileage periods regardless of car value.  Likewise, a 

home’s air filters should be changed regularly, plumbing leaks fixed, and comfort conditioning systems 

maintained regardless of house value. 

Electric vehicles are disrupting the automotive market with significant reductions in maintenance 

expense in comparison to conventional cars with internal combustion engine technology.  Oil changes 

are no longer required; transmissions, mufflers, and catalytic converters are no longer needed; and 

brake pad longevity is increased.  “Smart” technologies are similarly disrupting the housing industry with 

improved indoor air quality and increased energy efficiency coupled with reduced maintenance 

expense.  Autonomous vehicles are also disrupting the marketplace with technologies that improve 

accident avoidance.  Similarly, we are entering a period of autonomous homes where our residences can 

avoid catastrophic breakdowns that degrade our health and well-being. 

Build Equinox’s CERV2 smart ventilation system has had online control, monitoring, and diagnostic 

capabilities since 2013.   Our seamless OTA (Over-the-Air) upgrading capability ensures that all CERV’s 

are operating on the most advanced algorithms.  Housing management can be alerted to problems in a 

residential unit’s air quality and comfort conditions before damage to the home and one’s health occur.  

Unoccupied residential units can be remotely monitored and controlled, minimizing costs related to 

frozen pipes, gas leaks, mold (humidity), excessive energy bills from incorrect thermostat settings, or 

other problems normally undetected until the next occupancy occurs.  For privatized military housing, 

smart technologies provide the military with a supervisory capability that minimizes inaccurate or 

misrepresented housing maintenance and administrative records. 



Background 

The MFAN (Military Family Advisory Network) conducted a survey from January 30 to February 6. 2019.  

US military families were asked for feedback on privatized military housing.  Over 16,000 responses 

were received during the one week survey period, revealing multiple inadequacies and a high level of 

dissatisfaction.  The Secretary of the Army apologized to US military families as a result of the survey.  

Hopefully a consistent path of remediation and improvement of privatized military housing ensues. 

MFAN survey data reflects issues encountered with rental housing in general.  The breadth of the MFAN 

survey in terms of geographic distribution, income, physical condition, and housing administration is 

remarkable.  We analyze the MFAN survey results with a primary focus on tenant health related to their 

housing environment.  Several studies have shown increased health problems in lower income housing 

environments.  Our analyses of MFAN survey data provides an understanding of the linkage between 

housing maintenance and occupant environmental health. 

The MFAN survey is a qualitative assessment of privatized US military family housing units 

geographically spread over the US, covering all service branches and military ranks.  The survey asked 

respondents to describe various aspects of their housing experiences.  MFAN personnel coded survey 

responses into several categories, and cross-checked categorization uniformity among survey 

assessment personnel.  Detailed descriptions of the survey and survey analyses are included in the 

MFAN preliminary and final reports (1,2).  An MFAN executive summary (3) itemizes key findings from 

the survey. 

We use the survey data to analyze trends among respondent answers, and to assess cross-correlation 

relations between respondent survey categories.  Many results are common sense. For example, higher 

levels of mold correlate with higher incidence of environmental illness.  Others are not so obvious, such 

as an increased maintenance dissatisfaction has a positive correlation with a tenant’s out-of-pocket 

expense.  It is important to remember that correlation does not imply causation.  Although mold is 

strongly related to environmental illness, mold is only one of several factors that can cause 

environmental health issues.  More generally, mold is an indicator of other problems in the indoor 

environment that require attention. 

A chain of events is evident as one examines relatively strong cross-correlations among the survey 

categories.  For example, a lower income family is more likely to be dissatisfied with their housing than a 

higher income family.  A primary reason for lower income family housing dissatisfaction is poor 

maintenance.   HVAC comfort conditioning and plumbing leakage problems correlate strongly to poor 

maintenance.  Mold correlates with HVAC comfort conditioning and plumbing problems.  And, 

environmental illness correlates strongly with mold. 

MFAN survey data covers nearly 200 military housing locations ranging from smaller facilities with one 

or two responses to larger facilities with more than 100 responses.  We restrict our analyses to facility 

locations with 40 or more responses in order to reduce bias related to small sample sizes.  Significant 

differences are expected for large base facilities due to variations in housing quality, climatic conditions, 

housing administration effectiveness, and other factors.  These differences in larger facilities are 

important for examining general trends and correlation relations among survey responses. 



MFAN collected data on overall housing satisfaction based on a 5 point scale (1=very dissatisfied, 

2=dissatisfied, 3=neutral, 4=satisfied, and 5=very satisfied).  A response weighted satisfaction grade was 

calculated by MFAN for each site.  Figure 1 is a plot of the satisfaction grade as a function of number of 

responses for each facility.  The wide variation of satisfaction grades at facilities with low response 

numbers is evident, and the reduced variation of satisfaction grades at facilities with 40 or more 

responses is also evident.  Note that military housing respondents have an average satisfaction grade of 

2.43, well below a neutral rating of 3.0. 

Table 1 is a listing of military facilities with 40 or more MFAN survey responses, including each facility’s 

satisfaction grade.  Table 2 is a listing of survey topics.  Color coding in Table 2 is used to define 

environmental illness, physical facility, administration, and financial survey topic areas. 

 

Figure 1 Satisfaction Rate versus number of survey respondents for each military facility with privatized housing. Facilities with 
40 or greater responses are used for this report. 

 

 

 

  



Environmental Illness and Mold 

Our indoor environment should not make us sick, but too often, it does (4).  Nearly 800 of MFAN survey 

respondents reported an environmental illness attributed to housing.  MFAN coded survey results for 

environmental illness as: 

“Families who described specific deteriorating health they attribute to issues inside their homes. This 

code was only applied to those respondents who made the direct connection from their homes to their 

illnesses. Some examples were: chronic illnesses, breathing and respiratory ailments, rashes, headaches 

and migraines, pneumonia, and fertility complications.”  (ref 1; MFAN Privatized Military Housing Final 

Report May 2019, p.  26).  

The accompanying stories included in the MFAN reports are eye opening and disappointing that 

constrained maintenance budgets cause such large increases human illness and health care costs.  As 

expressed by Florence Nightingale more than 150 years ago, if architects and building owners were 

charged for the health costs of their building’s occupants, buildings would be designed and operated 

much differently (5). 

The list below (from Table 6 of reference 4) describes many symptoms associated with environmental 

illness.  The most common complaint in the building survey and analysis by Brightman, et.al (4) is a lack 

of ventilation air (54%), with other major complaints (too hot, too cold, too dry) centering around poorly 

operating HVAC systems.  Poorly controlled indoor environmental quality increases sick days (6,7), 

causes poor sleep (8), and degrades cognition productivity (9,10, 11). 

• Tired or strained eyes 

• Dry, itching, or irritated eyes 

• Unusual tiredness, fatigue, or drowsiness 

• Headache 

• Tension, irritability, or nervousness 

• Pain or stiffness in back, shoulders, or neck 

• Stuffy or runny nose, or sinus congestion 

• Sneezing 

• Sore or dry throat 

• Difficulty remembering things or concentration 

• Cough 

• Dry or itchy skin 

• Feeling depressed 

• Dizziness or lightheadedness 

• Chest tightness 

• Nausea or upset stomach 

• Shortness of breath 

• Wheezing 

 

A strong indicator of environmental illness is mold (12,13).  Mold can directly impact home occupant 

health, and mold is an indicator of other environmental illness causes such as poor indoor air quality, 



high humidity, and biological contaminations.  Figure 2 is a plot of MFAN data for military facilities with 

more than 40 responses showing self-reported environmental illness versus percentage of respondents 

who reported visible mold.   

Figure 2 shows that one out of every four homes with visible mold has one or more household members 

with an environmental illness.  A least squares plot of environmental illness as a function of mold 

presence has a zero intercept.  That is, eliminating problems that lead to mold growth eliminates 

environmental illness!   

Some military facility data points in Figure 2 are highlighted to illustrate trends associated with climatic 

conditions.  Eight warm, humid bases (5 in Florida and 3 in Georgia) and five warm, dry bases (3 in New 

Mexico, 1 in Nevada, and 1 in west Texas) show that more humid climates exacerbate mold occurrence 

as one would expect.  High levels of outdoor humidity add to the moisture loading of internally 

generated moisture and the potential to grow mold.  Dryer climates help reduce mold growth, however, 

significant levels of mold and environmental illness exist in poorly maintained, dry climate homes, too. 

As previously mentioned, mold is not necessarily the cause of a home occupant’s environmental illness, 

but can be a surrogate for poor air quality (carbon dioxide and VOCs), poor comfort conditions 

(temperature and humidity), and unhealthy microbiome (bacteria, viruses, endotoxins, etc).  For 

example, high humidity levels increase dust mite activity, which can trigger asthma attacks, while carbon 

dioxide and VOCs impair cognition and sleep.  Tiny concentrations (nanogram per cubic meter) of 

endotoxins significantly increase fatigue and cause inflammation and fever. 

 

Figure 2  Relation between environmental illness and residences with mold. Some Southwest (dry climate) and Southeast (wet 
climate) housing data are highlighted. 

 

  



Maintenance and Mold 

The presence of mold is related to HVAC problems and plumbing leaks, and these problems are linked to 

home occupant dissatisfaction with maintenance services.  Improved maintenance practices that 

minimize HVAC and plumbing problems will improve resident health and increase housing satisfaction. 

Figure 3 is a plot of household mold versus HVAC system problems and plumbing problems.  Significant 

data scatter occurs due to climatic variations and house construction as previously discussed.  A more 

quantitative assessment of HVAC and plumbing problems within specific climatic zones would better 

define trends.  The intent of this analysis is to provide guidance for more detailed studies.  Within the 

framework of the current survey, the trend exhibited is evident.  HVAC and plumbing are related to 

mold occurrence in similar manners.  Every 1% increase in either HVAC or plumbing problems increases 

mold incidence by 0.8%, for a nearly 1-to-1 correspondence.  Eliminating plumbing and HVAC problems 

would reduce mold incidence to 15 to 20% of homes rather than an average mold incidence of 30 to 

40% military homes. 

Mold is ubiquitous, and all homes have mold, however the survey focuses on visible mold.  Water 

incursion through housing materials from rain and snow creates an environment for growing mold.  

Mold also forms within the structure of a leaky home as humid infiltrated and exfiltrated air condenses 

moisture as it passes through the building structure.  Water condensation on windows during winter 

conditions and poorly vented bathrooms are other examples of mold growth factors.  The large scatter 

in Figure 3 is indicative of multiple sources of mold growth. 

Figure 4 plots MFAN respondent maintenance dissatisfaction versus HVAC and plumbing problems.  

Similar to Figure 3, HVAC and plumbing problems are quite similar, perhaps indicating that both develop 

maintenance issues at a similar frequency.  Eliminating HVAC and plumbing problems would reduce 

maintenance dissatisfaction to 45%, which is still quite high.  That is, HVAC and plumbing problems 

cause additional dissatisfaction with maintenance in combination with other maintenance issues.  Mold, 

however, is more strongly associated with HVAC and plumbing problems than with other maintenance 

problems. We will also find that structural problems are linked to HVAC, plumbing and maintenance 

dissatisfaction through our discussion of cross-correlation relationships.  Structural problems may be 

directly related to HVAC and plumbing issues because water is a frequent cause of structure 

deterioration. 

  



 

  

Figure 3 Percent mold occurrence versus plumbing and HVAC problems. 

 

Figure 4 Maintenance dissatisfaction versus household plumbing and HVAC problems. 

 

 

  



Housing Satisfaction Ratings Related to Income 

Military pay grades provide a means to examine rental housing satisfaction in relation to income.  The 

MFAN survey collected paygrade data relative to housing satisfaction.  The trend in housing satisfaction 

relative to paygrade is very clear.  The more income, the better (and more satisfying) the housing.  

Figure 5 shows a plot of military pay levels based on mid-pay schedule rates over the range of military 

paygrade ranks represented by the MFAN data.  A 0.6 difference (25% difference) in satisfaction rating 

exits between the lowest paygrade and highest paygrade. 

Figure 6 provides an additional view of satisfaction trends related to monthly salary.  “Neutral” ratings 

are relatively constant at 30% across all paygrades.  “Very Positive” satisfaction ratings increase 

significantly with increases in pay while “Very Negative” satisfaction ratings decrease with salary 

increase.  The highest salary levels have twice as many very positive ratings than the lowest paygrade, 

and half as many very negative ratings. 

Figure 7 is an estimate of maintenance dissatisfaction relative to overall satisfaction grade.  Notice that 

southeast (warm, humid) and southwest (warm, dry) military housing facilities have similar levels of 

maintenance dissatisfaction variations.  Two points are drawn on Figure 7 that correspond to the overall 

satisfaction grades for the highest and lowest military paygrades.  We do not have survey data details 

for quantitative comparison, but estimate 15% maintenance dissatisfaction for the highest salary level in 

comparison to 60% maintenance dissatisfaction for the lowest paygrade.   

Figure 8 estimates trends in environmental illness relative to maintenance dissatisfaction.  Qualitatively 

the trends indicate that higher salary is related to reduced environmental illness.  Many issues impact 

maintenance dissatisfaction resulting in significant data scatter.  Projecting environmental illness trends 

from high to low military paygrades indicates 5% of high salary households to have environmental illness 

relative to 8% of lower military paygrades.  Warm, humid locations tend to be higher in environmental 

illness than warm, dry climates with a 10% or more higher level of illness incidences in warm, humid 

climates. 

 

 



 

Figure 5 Housing satisfaction rating as a function of military income. 

 

Figure 6 Trends in "very positive", "neutral", and "very negative" satisfaction ratings with monthly salary. 



 

Figure 7 Plot of overall satisfaction versus maintenance dissatisfaction. 

 

Figure 8 Estimated trend of environmental illness and maintenance dissatisfaction. 

  



Cross Correlation Matrix and Survey Topic Interrelationships 

Cross correlations between survey topics further identifies the strength or weakness of relations 

between survey items.  In addition, cross correlations indicate whether an increase in one topic is 

related to an increase or decrease in another topic.  Terms that have reasonably strong cross 

correlations can be used as to understand which housing improvements improve housing satisfaction.  It 

is important to remember that correlation does not mean causation. 

We apply Excel’s cross correlation function with survey topic data for military facilities that have 40 or 

more responses.  We also correlate the overall satisfaction grade with the survey topics in order to 

assess which survey topics seem to be most strongly related to satisfaction.  A perfect cross correlation 

would have a value of 1, indicating a positive sloped correlation, or -1, indicating a negative sloped 

correlation.  A correlation of 0 indicates no correlation, and values between 0 and 1, and 0 and -1 are 

varying levels of correlation.  For the MFAN data, a correlation coefficient between -0.1 and 0.1 are 

weak, and correlations greater than that are increasingly related. 

Tables 3 and 4a/4b display the cross correlation results.  Tables 4a and 4b are enlarged views of Table 3 

for easier viewing of results.  We will discuss only a few of the survey topics that are most relevant to 

environmental illness while noting that many other interesting topic interrelations exist in the table.  

Our discussion is in the spirit of explaining possible relationship paths that impact housing resident 

satisfaction.  Other explanations, including simple happenstance and randomness, may also be valid.  

Quantitative investigations exploring these topics can more firmly establish relationships. 

Overall Satisfaction Grade: 

Almost all survey topics negatively correlate with satisfaction.  Positive praise for the facility is positively 

(and strongly) correlated with satisfaction with a correlation coefficient of 0.80.  That is, when a survey 

respondent praised their housing, they were also likely to give housing a high satisfaction grade as one 

would expect.  Water quality issues correlate positively with satisfaction grade (0.27), which is the 

opposite of what one would expect.  Very few survey respondents (fortunately) reported water quality 

problems (several facilities reported no problems), which makes the correlation less meaningful. 

Survey topics with a negative correlation greater than -0.2 in descending order to correlation strength 

are: maintenance (-0.56), paying out-of-pocket expense (-0.37), management lying (-0.35), plumbing 

problems (-0.34), management issues (-0.3), weather damage to housing (-0.25), and climate control 

issues (-0.20). 

Environmental Illness Relationships: 

Survey topics that are most strongly related to environmental illness are mold (0.69) and climate control 

problems (0.42).  Plumbing problems are positively correlated to environmental illness (0.27) along with 

structural problems (0.34), which may the result of water damage due to plumbing and HVAC problems.  

Maintenance (0.13) and “filth” at move-in (0.04) are weakly correlated to environmental illness in a 

direct manner.  Insect pests are strongly correlated (0.35) to environmental illness while rodent pests 

(0.08) are not.   

Out-of-pocket expenses increase with environmental illness (0.36) while “praise” decreases (-0.34).  

Out-of-pocket expenses illustrates the destabilizing influence of environmental illness for lower income 



housing residents.  They suffer the effects of housing imposed environmental illness and must pay more 

out-of-pocket expenses for self-remediation of the poor housing.  Decreasing environmental illness will 

improve housing residents’ satisfaction and reduce their out-of-pocket expenses. 

Mold: 

Mold occurrence is weakly correlated to maintenance issues (0.10), however it is strongly related to 

structure problems (0.50), plumbing problems (0.38) and comfort control issues (0.34).  Although the 

direct correlation of mold with maintenance issues is weak, as we will observe with maintenance 

correlations, mold and maintenance are strongly linked through higher order relations involving 

plumbing, comfort conditioning and structural issues.  Mold, similar to environmental illness, has a 

stronger relation to insect pests (0.35) than rodent pests (0.11).   

Maintenance Issues: 

As previously noted, overall satisfaction is most strongly related (negatively) to maintenance issues.  

Improved maintenance practices will improve house resident satisfaction.  Environmental illness and 

mold, however, have weak direct associations with maintenance.  The most important factors related to 

environmental illness and mold are structural issues, plumbing problems, and comfort conditioning. 

The strongest maintenance correlation topics are structural problems (0.30), plumbing problems (0.43) 

and comfort conditioning issues (0.38).  Weather damage is also reasonably related to maintenance 

(0.28).  We see that maintenance issues align with the most important factors related to environmental 

illness and mold. 

The maintenance correlation table also indicates a very strong negative correlation with praise (-0.50) 

and a positive relation to management issues (0.33).  When someone’s maintenance problems are not 

being resolved, dissatisfaction with management is likely.  We also see that unsatisfactory maintenance 

is related to out-of-pocket expenses (0.24).  Poor maintenance practices cause additional expenses on 

housing residents. 

Structural Issues, Plumbing Problems and HVAC (comfort control) Issues: 

As we have seen, these three topics tend to go hand-in-hand with poor maintenance and are strongly 

related to environmental illness and mold.  Structural issues are strongly related to plumbing problems 

(0.63) and comfort conditioning issues (0.42).  These relations make sense because plumbing leaks and 

HVAC system problems (duct sweating, condensate leaks) often cause rot and building material 

degradation. 

Plumbing problems and HVAC issues are strongly related (0.46), which indicates that poor maintenance 

of one also results in poor maintenance of the other.  It is also interesting to note that climate control 

issues positively correlate with utility fees issues (0.26) and out-of-pocket expenses (0.33).  Again, we 

see that increasingly poor maintenance in lower cost housing causes additional utility fees as well as 

out-of-pocket expenses by housing residents.  



Cost Implications 

Ideas regarding the value of improving occupant health and housing energy efficiency are presented.  

Studies have shown that “green” construction practices in new construction reduces environmental 

illness (14), however, longterm studies are needed to determine whether a so-called “green” building 

stays green if it has the same maintenance as neighboring non-green buildings.   

The capability of smart ventilation and home comfort control to improve air quality and reduce energy 

usage have been investigated and demonstrated by many researchers (15, 16, 17).  The importance of 

frequent home monitoring was illustrated by a study in which 34% of the study homes required 

adjustments and repairs to their ventilation systems (18).  With smart, online home ventilation and 

comfort conditioning monitoring, degraded performance can be detected quickly and repairs scheduled 

before problems grow in expense and create health issues. 

A continuing difficulty in buildings has been linking health effects to building maintenance costs.  Facility 

managers are rewarded for reducing their maintenance costs at the expense of building occupants’ 

health and productivity.  Health and human productivity costs far exceed energy costs by an estimated 

100 to 1 value (10).  In the workplace, poor health and degraded human productivity due to poor 

maintenance practices are invisibly passed on to the HR department.  Students in poorly maintained and 

operated schools suffer from degraded learning.  Military personnel in poorly maintained homes and 

facilities lack peak cognitive and physical capabilities, endangering mission success. 

Asthma is estimated to cost $3000 per afflicted person per year.  Some MFAN survey facilities reported 

as much as 20 to 25% environmental illness.   MFAN survey data does not provide information on how 

many in a household have an environmental illness, and more quantitative data should be collected to 

better define household environmental illness cost.  Using the estimated cost for asthma as a rough 

guideline, and assuming an average household size similar to US households (2.5 occupants per 

household), we estimate a household cost $3000 to $12,000 per year for 1 to 4 house occupants (2.5 

average occupancy +/-1.5 occupants) impacted by environmental illnesses.   

Residential utility costs would be expected to range from $2000 to $3000 per household for older 

homes, with the potential of being reduced to $1000 to $1500 per year per household with conversion 

to a smart ventilation system, upgraded comfort control (high efficiency “minisplit” heat pumps), and 

heat pump water heaters.  Combined cost for these systems is $10,000.  Structural repairs and 

improvements (insulation and infiltration sealing) are estimated to be $10,000 per unit, based on $1 to 2 

per cubic foot of insulation for ceiling/roof, and $4 per cubic foot for wall insulation and infiltration 

sealing.   

A 2000 square foot floor area ranch home has approximately 2000 sqft of ceiling ($2000-4000 insulation 

cost) and 1000 sqft of wall area ($4000 insulation cost).  Assuming a 10 to 20 year lifetime for the 

ventilation, comfort conditioning and water heating systems (note that these three systems work in a 

synergistic manner), the annualized equipment cost (on a simple basis with no inflation/escalation rates 

assumed) would be $500 to $1000 per year.  Improved building structure with an assumed extended 

building lifetime of 50 years would be an additional $200 per year.  Overall, improving indoor air quality 

and comfort in an energy efficient manner could result in a net savings of $300 to $1000 per year per 

residence based on energy performance enhancements.  These energy savings can be applied to 

improved maintenance practices. 



Beyond energy related savings, improvements in home occupant health is even greater.  With a CERV2 

smart ventilation system automatically managing air quality and comfort, sick days are reduced by 35% 

(6) and cognition productivity boosted 10% (10).  Decreases in chronic environmental illnesses such as 

asthma and allergies further improve home occupant health with an associated decrease in health cost, 

perhaps as much as a 50% reduction in costs, or $1500 to $6000 per afflicted household.  With nearly 

10% of the general populace impacted by asthma alone, one out of four homes have someone with 

asthma in their household.  Stress is also relieved in home occupants with respiratory sensitivities 

because their home is the one place where they can confidently breathe without being on guard for an 

attack. 

A smart ventilation system, such as a CERV2, with online monitoring and control capabilities reduces 

maintenance costs by providing housing administration personnel with residence indoor air quality, 

comfort and energy performance information.  Diagnostic tests can be remotely conducted and 

maintenance issues efficiently identified, saving maintenance technician labor.  And, as improved 

algorithms and control features are developed, CERV2 OTA (over-the-air) upgrading capability ensures 

that a home’s air quality and comfort systems are never out-of-date.   

Privatized military housing facilities will benefit with smart house monitoring technology by providing 

the military with a capability to directly assess the performance of housing management contractors.  

Efficient, direct communication with service personnel home performance will alert both privatized 

housing management and military leaders with information to improve the health of military personnel 

at lower cost. 

 

  



Tables 

Table 1 Response number and Satisfaction Grade for large (40 or greater survey responses) military 

privatized housing facilities. 

 Military Family Assistance Network Report  

 N=10,861 respondents   

State Location Response TotalGrade 

AK Anchorage-Elmendorf-RichardsonBase 233 2.296 

AL Maxwell AFB Gunter Annex 70 2.3 

CA Camp Pendleton 641 2.402 

CA Ft Irwin 141 2.284 

CA Lemoore NAS 109 2.89 

CA Miramar-MCAS 101 2.545 

CA Monterey 77 2.442 

CA Naval Base Ventura County 87 2.701 

CA San Diego Naval Complex 376 2.91 

CA Travis AFB 52 2.346 

CA Twentynine Palms-Marine Corps 113 2.673 

CA Vandenberg AFB 112 2.348 

CO Ft Carson 147 2.122 

DC Joint Base Anacostia-Bolling 107 2.196 

FL Eglin AFB 49 2.98 

FL Jacksonville-NAS 57 2.175 

FL MacDill AFB 105 2.267 

FL NAS Key West 49 2.186 

FL Tyndall AFB 121 2.149 

GA Ft Benning 149 2.356 

GA Ft Gordon 65 2.338 

GA Ft Stewart 70 2.328 

HI Kaneohe Bay Marine Base 196 2.158 

HI Joint Base Pearl Harbor - Hickam 244 2.377 

HI Schofield Barracks 139 2.518 

ID Mountain Home AFB 79 2.544 

IL NAS Great Lakes 98 1.99 

IL Scott AFB 107 2.346 

KS Ft Leavenworth 167 2.575 

KS Ft Riley 291 2.361 

KY Ft Cambell 66 2.515 

LA Barksdale AFB 56 2.268 

LA Ft Polk 100 2.36 

MA Hanscom AFB 82 2.439 

MD Andrews AFB 98 2.51 

MD Ft Meade 202 2.104 



MD Patuxent River NAS 84 2.048 

MO Ft Leonard Wood 113 2.628 

MO Whiteman AFB 46 2.87 

MS Keesler AFB 111 2.252 

MT Malmstrom AFB 66 2.606 

NC Camp Lejeune 315 2.378 

NC Cherry Point Marine Corps Air Station 63 2.317 

NC Ft Bragg 281 2.146 

ND Minot AFB 133 2.368 

NE Offutt AFB 47 2.17 

NJ Joint Base McGuire-Dix-Lakehurst 84 3.2 

NM Cannon AFB 78 2.436 

NM Holloman AFB 60 2.617 

NM Kirtland AFB 107 2.42 

NV Nellis AFB 94 2.34 

NY Ft Drum 153 2.922 

NY West Point 208 2.351 

OH Wright-Patterson AFB 44 2.25 

OK Ft Sill 116 2.629 

OK Tinker AFB 40 2 

RI NAS Newport 45 2.6 

SC Joint Base Charleston 50 1.98 

SC Shaw AFB 52 2.692 

TX Dyess AFB 81 2.642 

TX Ft Bliss 135 2.378 

TX Ft Hood 217 2.392 

TX Joint Base San Antonio-Ft Sam Houston 200 2.565 

TX Laughlin AFB 62 2.113 

TX Sheppard AFB 45 1.956 

UT Hill AFB 90 2.489 

VA Ft Lee 52 2.654 

VA Ft Belvoir 171 2.468 

VA Joint Base Langely-Eustis 208 2.245 

VA NAS Oceana 50 2.08 

VA Norfolk NAS 201 2.592 

VA Quantico 162 2.71 

VA Virginia Beach-Jnt ExpedBase-Little Creek 109 2.165 

WA Fairchild AFB 58 2.259 

WA Joint Base Lewis-McChord 356 2.32 

WA Naval Base Kitsap-Bangor 141 2.22 

WY FE Warren AFB 61 2.23 
 



Table 2 Correlation categories consist of the overall satisfaction grade, environmental illness reports, 

maintenance related survey topics, administrative survey topics, and financial survey topics. 

Overall Grade 

EnvIllness 

Mold 

Maint 

Filth 

Struct 

PoorQualMatl 

DilapOutdate 

WeatherDamage 

Plumb&Leaks 

ClimCntrl 

ApplReplace 

FaultyWiring 

Lead 

WaterQual 

PestInsects 

PestRodents 

PestTotal 

Landscap 

UnsafePlaygrnd 

FireHaz 

Management 

Praise 

LongWaitlist 

MoveOutIssues 

TooSmall 

DisrespectMgt 

RankIssues 

Security 

RulesNotEnforced 

LiedtobyMgt 

BasAllowHous 

FeeDisputes 

UtilFeeIssues 

PaidOutofPock 
 

  



Table 3  Cross correlation matrix of MFAN total satisfaction grade and MFAN survey topics. 
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Table 4a First half of cross correlation matrix. 
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Table 4b  Second half of the cross correlation matrix 
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