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McLean, Brian P.  Water Conservation: Evaluating the Acceptance and Implementation of 

Greywater and Rainwater Collection for Household Reuse 

Abstract 

The following paper evaluates the acceptance of residential greywater and rainwater reclamation 

systems through analysis of survey data and related research.  The survey data was compiled 

from questions administered to sustainable-focused general contractors in the Midwestern United 

States.  The data was compared to the findings of another study related to water conservation to 

find supportive similarities as well as contrasting findings.  It was determined that the most 

important requirement to improve greywater and rainwater reclamation system implementation is 

to educate.  Education and engagement of consumers, general contractors and state officials on 

the benefits of water conservation is critical to the success of preserving natural water supplies.  

This also includes revising K-12 curriculum to incorporate sustainable education.   
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Chapter I: Introduction 

 Most of North America’s potable water comes from groundwater and surface water, the 

replenishment of which is dependent on rain and snow (Saddleback, 2010).  Climate alterations 

and erratic weather patterns increasingly threaten these vital resources (Kibert, 2012).  With the 

average American using between 80-100 gallons per day, there is significant room for change in 

water consumption to more sustainable practices (Saddleback, 2010).  According to Merriam-

Webster (n.d.), sustainable is defined as, related to, or being a method of harvesting or using a 

resource so that the resource is not depleted or permanently damaged. 

 Potable water used outdoors for irrigation and cleaning accounts for up to 70% of 

household water use (Kibert, 2012).  Applying principles of water sustainability in construction 

typically focuses on decreasing water consumption during the construction process and 

throughout the life cycle of the building (Kibert, 2012).  For instance, greywater systems may be 

installed to collect and treat water on-site so that it can be used to fulfill outdoor water needs and 

replace indoor non-potable water usage.  Rainwater can also be collected for use indoors as a 

replacement for municipal water (Saddleback, 2010).  Residential dwellings that take advantage 

of these opportunities can significantly conserve these natural water supplies and thus mitigate 

certain extreme effects of climate change. 

Statement of the Problem 

 Potable water is a semi-renewable resource that is threatened by increasing consumption 

and missed opportunities for reuse.  Residential greywater and rainwater collection for reuse has 

the ability to drastically reduce the depletion of the nation’s water supply.  Construction firms, 

consumers and state officials must make greater efforts in installing and encouraging greywater 

containment systems in residential settings. 
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Purpose of the Study 

 The purpose of this study is to examine the feasibility and acceptance of incorporating 

greywater and rainwater containment systems in the construction of residential dwellings.  

Survey data collected from this study will be compared to the findings from other studies that 

focused on water conservation solutions with the intent to discover the critical path necessary to 

improve the acceptance and implementation of on-site water reclamation systems.  

Assumptions of the Study 

The following are assumptions by the author of this paper in reference to the distribution 

and participation on the study. 

1. Respondents of the study answered accurately and truthfully. 

2. Respondents have knowledge of the information that is questioned in the survey. 

Definition of Terms 

The follow terms will be referenced in the paper. 

 Blackwater.  Wastewater that is from toilets and urinals. Under some state or local 

codes, wastewater from kitchen sinks, showers, or bathtubs is considered blackwater (Kibert, 

2012).   

 Greywater.  Untreated household wastewater that has not come into contact with toilet 

waste and has low organic content. Greywater includes water from bathtubs, showers, bathroom 

wash basins, and water from laundry equipment. It cannot include water from kitchen sinks or 

dishwashers (Kibert, 2012).   

Potable water.  Water that meets or exceeds the EPA’s drinking water quality standards 

and is approved for human consumption. It may be supplied from wells or municipal systems 

(Kibert, 2012).   
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Sustainability.  The quality of not being harmful to the environment or depleting natural 

resources, and thereby supporting long-term ecological balance (Sustainability, n.d.) 

Water loss control techniques.  Described in the study that is reviewed in this paper.  

Actions that can be taken to reduce water loss. These techniques include replacing inefficient 

plumbing equipment and piping, utilizing retention systems, changing behaviors, and others. 
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Chapter II: Literature Review 

The world’s potable water supply is depleting as a result of climate change, increased 

demand due to population growth and drought (Sokolow et al., 2016).  In North America, most 

of the potable water comes from groundwater and surface water.  Those supplies are slowly 

replenished from snow, rainwater and other forms of precipitation.  In the U.S., the 

replenishment rate cannot keep up with the consumption as the population continues to grow.   

Domestic water use accounts for 8% of the potable water that is consumed in a year; 50% to 70% 

of that percentage is for outdoor use (Saddleback, 2010).  Conservation and efficient use of water 

is something that mostly occurs at the end-use point of consumption.  End-use refers to the final 

point of distribution and includes faucets, toilets, appliances, behavior, etc.  Upgrading to 

efficient fixtures and collecting greywater and rainwater for reuse are examples of end-use 

conservation (Camp, Dresser & McKee Inc., 2011). 

Water Loss Control (WLC) refers to a series of checks and methods that are used to 

identify areas needing improvement to reduce water loss.  This can be accomplished through 

fixture replacement, water use restrictions, and repairs (Camp, Dresser & McKee Inc., 2011).  

Greywater makes up approximately 40% of the wastewater in single-family household 

(Saddleback, 2010) and can be collected on-site or within a community for reuse in outdoor 

applications or indoor toilets.  Depending on the household, greywater reuse can fully eliminate 

the need for municipal water for outdoor use.  For example, the Eco-sense Residence in Victoria, 

Canada uses collected greywater for all outdoor watering of gardens and other vegetation.  This 

accounts for a large reduction in municipal water usage since the residents also grow most of 

their own vegetables (Eco-sense Residence, 2016). 
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Rainwater collection can also greatly reduce the dependence on the municipal water 

system, since it can be used for potable water within the household with minor filtering and 

treatment (Saddleback, 2010).  Reclaimed greywater and rainwater used simultaneously in 

residences can have significant positive impacts on the sustainability of the country’s water 

supply.  Challenges to implementing these techniques include the initial cost and life cycle cost 

(LCC) to the clients and the viability of installation in specific situations, since greywater 

collection requires large cisterns for storage and equipment for pumping and treatment.  In 

addition, many municipalities have not yet adopted greywater or rainwater collection codes and 

regulations (Morton, 2013).  To overcome these challenges, it is important to understand the 

obstacles to the successful implementation of water conservation programs.   

Customer Satisfaction of Water Loss Control (WLC) Techniques 

Customer acceptance of water loss control techniques is very important to the success of 

water conservation programs.  Camp, Dresser & McKee Inc. (2011) surveyed water utility 

managers (n=286) to evaluate how specific water efficiency measures impacted their customer 

service satisfaction, ranging from positive impact (+2) to zero impact (0) to negative impact (-2).  

Some examples of the measures that were used included dual-flush low-flow toilet retrofit and 

replacement, low-flow showerhead and faucet replacement, clothes washer rebates, weather-

based irrigation programs, wastewater ordinances, education and information programs, and 

seasonal rate programs. 

The author concluded that conservation measures that were incentive-based and 

voluntary had a positive impact on customer satisfaction.  Approximately one third of the utility 

companies surveyed had already been implementing conservation education programs.  For 

example, some companies used automatic meter reading (AMR) and automatic customer 



 11 

notification (ACI) using wireless networks to send meter information to a database for real-time 

billing and customer notification.  The research study revealed that AMR and ACI had the most 

positive result for customer satisfaction.  This was followed by educational and informational 

programs and a clothes washer rebate for purchasing a more efficient machine (Camp, Dresser & 

McKee Inc., 2011).  The measures that received positive feedback required minor disruption to 

the customers’ lives and were not required by regulations.  In contrast, the author found that 

regulations that mandated change had the most negative responses by customers. For example, 

stringent building codes received the most negative responses, followed by seasonal rates and 

outdoor water use ordinances. The results revealed that acceptance is low when customers were 

told they had to take certain actions without an option to opt-out.  These mandated regulations 

could have an impact on the construction industry as well by creating hurdles that make the 

implementation of water conservation techniques more challenging for general contractors and 

their clients.  

The findings from the research study conducted by Camp, Dresser & McKee Inc. (2011) 

were specific to Wisconsin and could vary from other regions of the country, especially those 

that have far less rainfall and potable water supply.  California, for example, has experienced 

significant drought and water shortages, and the government has passed legislation that requires 

state water utilities to drastically reduce water use in the coming years.  The California state 

water utilities are required to develop and implement their own plans to effectively accomplish 

this reduction (Sokolow et al., 2016).  Residents of California may be more open to water 

conservation regulations as they have been experiencing the effects of a water shortage more 

drastically than residents of Wisconsin.   
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End of Use: Technological and Behavioral Change 

Technology is constantly progressing and the ability to design more efficient equipment 

that meets Energy Star requirements advances every year.  Energy Star is a benchmark program 

that sets a required energy and water standard for appliances and equipment.  These benchmarks 

are generally revised every two years (Vierra, 2016).  Energy Star conservation efforts are only 

effective when the new appliances replace out-dated ones; however, in residential applications, 

there is no code or regulation that requires homeowners to replace outdated equipment and 

appliances.  As a result, there are many homes that continue to use inefficient appliances (Camp, 

Dresser & McKee Inc., 2011).  Purchasing efficient appliances and low-flow toilets and faucets 

are upfront costs that don’t require a behavior change in the way the appliances are used.  Water 

use efficiency occurs by default, since the new equipment does the conservation work for the 

consumer.  For example, efficient toilets have reduced water consumption drastically from 4 

gallons per flush to 1.28 gallon per flush and efficient washing machines have decreased water 

use from approximately 40 gallons per load to 15 gallons per load (Maddaus et al., 2014). 

Along with upgrading equipment, consumer behavioral change is important in water use 

efficiency. This means using fixtures and appliances more efficiently and being conscious of the 

waste that can be controlled (Camp, Dresser & McKee Inc., 2011).  According to Saddleback 

(2010), North America has the largest supply of potable water.  United States residents are 

accustomed to this supply and abundance, but without adjustments to household use, the supply 

will continue to diminish.  The average indoor water use in a single-family home is estimated to 

be 69.3 gallons per day, with toilets making up the greatest percentage at approximately 18.5 

gallons per day.  Showers average 11.6 gallons per day and washing machines average 15 

gallons per day.  It has been estimated that implementing water efficient systems and changing 
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water use behaviors can reduce the average household water consumption by 35% (to 45.2 

gallons per day) (Saddleback, 2010). 

Water Utility Companies Adaptation and Acceptance of WLC Techniques 

Camp, Dresser & McKee Inc. (2011) used the utility company and Public Service 

Commission (PSC) data collected from the surveys to make a series of recommendations to 

promote improved water efficiency and loss tracking.  One recommendation from the study was 

to require utilities to implement cost-effective efficiency measures, particularly residential water 

audits.  However, water audits scored low for customer satisfaction.  Camp, Dresser & McKee 

Inc. (2011) concluded that to set-up a successful water efficiency program, such as water audits, 

it is important to that utility companies include effective financial incentives for customers. 

However, funding these types of programs can be a challenge for utility companies. The current 

water-use rate structure that is used by utilities has not changed in many decades (Ash, 2012).  

The problem is that, within that time, population has increased dramatically leading to increased 

demand for potable water.  If utility companies are not properly forecasting for this water-use 

change, then revenue shortfalls may occur, which could lead to an increase in water rates. In 

addition, conservation programs are usually the first to be eliminated to recover that loss.  Proper 

planning and the use of effective price structures are measures that can help utilities increase 

revenue that could then be used to fund water conservation projects and customer incentive 

programs (Ash, 2012).  Utilities often use water pricing rate structures to encourage water-use 

efficiency and offset decreases in revenue.  Volumetric pricing is a type of rate structure that 

determines water rates by the amount of water being used: the less potable water that is supplied, 

the higher the rate (Maddaus et al., 2014).  A tiered pricing system is an option that incentivizes 

water conservation and increases revenue for utilities. The utility rate is tiered with the higher 
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tiers costing more for the customers with the most consumption and waste.  This in turn allows 

the efficient users to save money, while providing the utility companies with the revenue gained 

from the higher tiers.  Utility companies could use this additional revenue to fund additional 

water conservation programs and consumer incentives.  To ensure the profitability of these 

conservation programs over time, it is essential that utility companies implement effective water 

conservation forecasting and planning (Ash, 2012). 

Greywater and Rainwater Collection Challenges 

According to Saddleback (2010), approximately 50% to 70% of household water 

consumption is for outdoor use; therefore, focusing on outdoor water use efficiency could greatly 

reduce consumption of potable water.  The survey conducted in the study by Camp, Dresser & 

McKee Inc. (2011) focused on the implementation of water loss control techniques and the 

consumer and utility acceptance rates of these potential techniques.  In the survey tool prepared 

by Camp, Dresser & McKee Inc. (2011), only two questions were focused on outdoor water use: 

landscape contractor workshops and outdoor water use ordinances.  Landscape contractor 

workshops were rated at a marginal impact on customer satisfaction and the ordinance on 

outdoor water use had a strong negative impact.  Water waste ordinances, which regulate the 

amount of indoor and outdoor water that flows into municipal sewage, also ranked as having a 

negative impact.  The negative perception by utility customers of both the water waste and the 

outdoor water use ordinances provides challenges to the mainstream adoption of on-site 

greywater collection for outdoor use.  For example, if utility customers are required to limit 

outdoor water use and decide to look at collecting greywater or rainwater to do so, then that 

process of collection may also appear negatively to them.  One way to address this obstacle is to 

provide the appropriate information and education to customers about the benefits of collecting 
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household greywater.  Utility companies could help with this by developing water conservation 

programs that include financial incentives for customers. 

With the depletion of water supplies in the United States, significant conservation 

techniques should be implemented, including ordinances, incentives, and the collection of 

greywater and rainwater for household reuse.  Based on the review of the literature, to increase 

the adoption of greywater and rainwater systems as a WLC technique, there should be a 

coordinated effort between utilities, cities, and contractors to incentivize implementing this 

technique.  
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Chapter III: Methodology 

 The main data collection method of this study was a survey administered to evaluate the 

implementation frequency of greywater and rainwater collection in residential construction 

projects.  Data from the survey should reveal what are the most common obstacles to the 

implementation of water conversation techniques and equipment. 

Subject Selection and Description 

 The survey was submitted to managers (n = 34) at construction companies in the 

Midwestern United States.  Companies were selected from certified contractors that focus on 

residential remodel/new construction and have sustainable practices that aim to reduce the 

carbon footprint of the construction industry through improved material selection and delivery, 

energy efficiency in the build process and lifecycle of the structure, resource conservation, etc.  

The companies that were verified “green” worked with high-performance accreditation systems, 

such as LEED, Green Globes and Living Building Challenge.   

Instrumentation 

 The survey (Appendix) was created for this study by the author and consisted of Likert-

style questions to determine the utilization of greywater and rainwater collection systems.  Few 

of the questions within the survey were quantitative with the bulk of the survey primarily 

qualitative data collection.  The survey was designed to gather information on the construction 

companies and their opinions and implementation of water conservation techniques. 

Preliminary questions were designed to gather information on the construction 

company’s history and related experience.  The remaining questions focused on each company’s 

utilization and experience with greywater and rainwater conservation techniques and the 
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associated challenges.  The data obtained from this survey should reveal the level of importance 

that is given to water conservation and what can be done to improve it.   

Data Collection Procedures 

The survey was created in Qualtrics, software that allows users to distribute questions and 

collect and analyze data.  The survey was distributed to management professionals at sustainable 

construction companies in the Midwest.  The initial distribution process was through the 

Qualtrics program and yielded only a single response.  Calling the general contractors, 

explaining the purpose of the survey and requesting permission to conduct the survey through 

facilitated interviews was the process to collect the remainder of responses.  This method 

allowed for greater discussion and more qualitative information to be collected from the open-

ended questions in the survey. 

Data Analysis 

 The data from this survey was analyzed by inputting the close-ended response (5-point 

Likert scale) into a table for clearer representation of the findings along with the quantitative 

data.  From there the data can be processed for statistical analysis.  The qualitative responses 

were analyzed for common themes within the discussion.  The goal of this analysis is to discover 

what can be done to improve the utilization of water collection systems.  For example, is initial 

cost the largest issue or is there a lack of concern for our natural water supply? 
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Chapter IV: Results 

This study was administered in the form of a facilitated interview conducted through 

phone conversation to residential general contractors that focus on green/sustainable practices.  

The survey was formulated to gather information from the respondent that pertains to the 

company’s interest and utilization on greywater and rainwater reclamation systems in residential 

projects within Midwestern United States.  The beginning questions of the survey intended to 

gather information on the company’s period and historical practices of greywater and rainwater 

reclamation.  The remaining questions analyze the acceptability of these practices and how that 

can be improved.  Both quantitative and qualitative questions were used in this survey to gather 

data. 

Item Analysis 

Table 1 

Survey Question 10 

 
Not at all 

important (1) 

Little 
importance 

(2) Neutral (3) 
Very 

important (4) 
Extremely 

important (5) 

Totals 
(points 
added) 

Initial cost 1 (14.3%) 0 (0%) 0 (0%) 4 (57.1%) 2 (28.6%) 27 

Maintenance 
cost 1 (14.3%) 1 (14.3%) 3 (42.9%) 2 (28.6%) 0 (0%) 20 

Payback 
period 1 (14.3%) 2 (28.6%) 3 (42.9%) 1 (14.3%) 0 (0%) 18 

Aesthetics  0 (0%) 1 (14.3%) 1 (14.3%) 2 (28.6%) 3 (42.9%) 28 

Water 
conservation  1 (14.3%) 0 (0%) 0 (0%) 4 (57.1%) 2 (28.6%) 27 

Utility cost 
savings  0 (0%) 2 (28.6%) 2 (28.6%) 2 (28.6%) 1 (14.3%) 23 
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Table 2 

Survey Question 10 (Combined into Neutral/Negative and Positive Responses) 

 
Neutral to negative 
response (1, 2, 3) 

Positive response 
(4, 5) 

Totals 
(points 
added) 

Initial cost 1 (14.3%) 6 (85.8%) 27 

Maintenance cost 5 (71.5%) 2 (28.6%) 20 

Payback period 6 (85.8%) 1 (14.3%) 18 

Aesthetics 2 (28.6%) 5 (71.5%) 28 

Water conservation 1 (14.3%) 6 (85.8%) 27 

Utility cost savings 4 (57.1%) 3 (42.9%) 23 

Data Analysis: Quantitative 

 The quantitative questions with in the survey gathered information on the experience of 

each respondent.  It also allowed for certain respondents to get filtered prior to the quantitative 

questions. 

Survey question 1: How long has your company been completing residential 

projects as a general contractor?  All of the contractors surveyed have been completing 

residential projects for more than 11 years.  Five have been contracting for 11 - 20 years and the 

other eight have been for more than 21 years. 

Survey question 2: Has your company utilized rainwater or greywater retention 

systems in your residential projects in the past five years?  Seven contractors have completed 

greywater or rainwater reclamation systems in the past five years and six contractors have not 

completed any reclamation systems. 

Survey question 3: Approximately what percentage of the projects your company 

completes has water retention systems?  There were thirteen respondents for this question that 



 20 

answered between 0% and 100%.  The mean of the thirteen responses is 16.5% (±27.9%).  With 

that information, the top range of standard deviation from the mean was only 43.44% of 

contractor’s projects with water retention systems.  The mean and standard deviation were 

recalculated to remove the contractors that answered “No” to Survey question 2 as well as a 

“0%” answer to this question.  The revised calculations represent the seven contractors that 

utilize water reclamation in their projects.  The mean percentage of those that have completed 

reclamation systems is 30.71% with a standard deviation of 31.78%.  The revised top range of 

standard deviation from the mean is 62.49%.   

Survey question 4: If your company has not completed water retention systems in 

the past 5 years, what do you think is the most accurate reason for that? Please select all 

that apply.  Six contractors of the sample have not completed retention systems in the past 5 

years and were asked what they might think is the reason for that.  The choices they could 

choose from were: “clients not interested”, “local water supply affects need for conservation”, 

“cost”, “contractor experience”, “other” and “not applicable”.  Two had selected that the clients 

are not interested in the systems, one selected that the local water supply affects the need for 

conservation, one selected contractor experience and there were two “other” selections.  It was 

described in one of the “other” answers that Minnesota does not allow greywater reclamation in 

residential houses.  The remaining “other” explains that there are often unanswered questions 

from local codes regarding greywater reclamation. 

Survey question 5: How do the water retention systems initially get introduced into 

the project?  Please select all that apply.  The respondents were asked to choose from the 

following choices: “general contractor suggestion”, “design team suggestion”, “homeowner 

suggestion”, “green building certification system”, and “other”.  “General contractor suggestion” 
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was selected most frequently with four occurrences and followed by “design team suggestion” 

with three occurrences.  There were two “other” selections.  The first explained that the 

rainwater retention systems were installed as a result of county regulation as a result of the 

project being located on a large raised lot next to a lake.  The runoff had to be mitigated through 

pervious pavement and rain gardens.  Contractor also stated that these systems should be more 

builder-driven, but they are not.  The second response states that it is usually introduced out of 

necessity.  The local codes are not caught up to greywater and rainwater so loopholes in current 

codes have to be discovered sometimes to make the systems work with the code officials. 

Survey question 6: If your company has not completed water retention systems in 

the past 5 years, then in the past 10 years?  The six respondents that have not completed water 

retention in the past 5 years also answered “no” to this question.  The remaining respondents 

were not applicable to this question. 

Survey question 9: What obstacles are encountered when including retention 

systems into projects?  Please select all that apply.  The total choice count for this question 

was 19 consistently spread across all choices.  “Building codes”, “client concerns” and “other” 

had five selections and “ordinances” had four.  The five responses that also selected “other” 

provided additional information to further support this topic.  One of the respondents mentioned 

that an increased difficulty encountered in the process of implementing water retention systems 

is the general contractor receiving pushback from subcontractors.  This respondent tries “to align 

with open-minded subs and vendors and avoid the subs that will stick to the norm and not be 

open to new avenues.”  Three of the respondents mentioned cost as an obstacle for implementing 

on-site water reclamation. 

Survey question 10: Please rate the following for importance in regards to 
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implementing greywater and rainwater reclamation systems.  Initial Cost, Maintenance 

Costs, Payback Period, Aesthetics, Water Conservation, Utility Cost Savings.  A table of the 

data collected from survey question 10 is compiled in Table 1.1.  The data is condensed in Table 

1.2 to represent the neutral/negative responses (1, 2, 3) and the positive responses (4, 5) to more 

clearly represent the data.  The purpose of this question was to provide insight into the 

significance that is associated with the conditions of implementing greywater and rainwater 

reclamation systems.  The respondents were asked to rate the six items from “Not Important” to 

“Extremely Important”.  Each rating had a point value with the lowest importance worth one 

point and the highest importance worth five points.  The frequency a topic and importance was 

chosen is quantified in the appropriate cell.  The final column of the table is the total point value 

that each topic earned and this was achieved by multiplying the frequency of each cell by its 

point value within the specified topic.  The total point value for each topic provides insight into 

what was most commonly the most important of the six items.   

Aesthetics has 28 points making it the most important when clients and general 

contractors are considering greywater and rainwater retention systems.  Initial cost and water 

conservation both achieved 27 points.  The remaining topics are as follows: Utility cost savings 

23 points, maintenance cost 20 points and payback period 18 points.   

Data Analysis: Qualitative 

Survey questions 7, 8 and 11 were designed to provide open-ended responses and 

allowed for the collection of additional qualitative information. 

Survey question 7: How does lot size and topography affect the strategies used for 

projects with water retention systems?  Briefly explain.  The responses predominately stated 

that lot size and topography weighed heavily the implementation of water reclamation systems.  
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Lot size and topography had a greater effect on rainwater reclamation systems since the size 

dictates the required surface area and depth of rain gardens to retain the runoff.  In addition to the 

size of the lot, the footprint of the physical structure created greater challenges.  As the structure 

approaches the property’s city-required setbacks, the green space available to use for water 

diversion and retention becomes limited.  Topography influences the necessities for swales and 

runoff points. 

 Lot size and topography have less of an impact on greywater retention systems.  The 

water reclaimed for greywater comes from the usage inside the structure and only requires space 

for the cistern and treatment facilities on the exterior.  These can be above or below ground, but 

both require a much smaller footprint than various rainwater retention systems. 

Survey question 8: What could be done to improve the implementation of onsite 

water reclamation systems?  The answer widely held by the majority of the respondents was 

“education”.  The education response had varying focal parties but was mostly directed at the 

consumer/public.  The public should be aware of the uses and benefits of these reclamation 

systems and be informed as to what “it really takes to process 1.6 gallons of water every toilet 

flush.”  The other parties mentioned for education are the general contractors since they will be 

the ones promoting and installing the systems and to code officials/government as they create the 

regulations and codes that dictate the implementation of water reclamation systems. 

Survey question 11: If there is any other information that you would like to share 

that may be helpful in my research of greywater and rainwater reclamation.  Five 

respondents added information to supplement the topics discussed in the remainder of the survey.  

The common summarized reiteration was the necessity for education and awareness of the 

public, government and the general contractors.  Education and conservation progress has been 
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improving since the economic downturn of 2008 but still has a long way to go.  General 

contractors need to be more proactive and get ahead of water conservation rather than waiting for 

the county or officials to begin recommending it. Consumers have difficulty seeing the 

correlation between water usage and water shortage, especially in the Midwestern United States.  

Another respondent that was surveyed originally ran their construction business in Colorado and 

stated that greywater and rainwater reclamation systems were frequently installed in the projects 

that they completed.  Since moving to Minnesota several years ago, they have not completed one 

rainwater or greywater system; reiterating that the Midwest does not pay much attention to 

conservation and attributes that to the abundant supply in the region.  Compared to western 

states, people are not as “sustainably minded here unless it is imperative.” 

Another respondent stated that greywater reclamation was popular in the 1980s and was 

anticipated to be the next big thing.  It is getting adopted more frequently in the west, as is 

rainwater reclamation but does not have the popularity as was forecasted.  One of the 

respondents is based out of St. Louis, Missouri and stated that the sewer and water infrastructure 

is so antiquated that it is estimated, of the water being distributed, only 50% of it will make it to 

the destination.  Deteriorating infrastructure is a major issue with all large cities as the water 

distribution equipment are estimated to last anywhere from 20 – 100 years (Young et al., 2014). 

With all the factual data that was presented in these results, it is the responses received from 

those surveyed and is not backed up by research. 
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Chapter V: Discussion and Recommendations 

 Water is a semi-renewable resource that is often taken for granted and threatened by 

over-consumption.  Previous studies surveyed utility companies on water consumption and loss 

and the consumer/utility reaction to techniques that could improve water conservation.  Here, a 

survey was distributed to sustainable-focused general contractors in the Midwestern United 

States.  It was oriented to further expand upon the ideas presented in the study by Camp, Dresser 

& McKee Inc. (2011) as well as provide new insight into the implementation of sustainable 

practices. 

 There were limitations to the survey that refer primarily to the sample selected.  The 

greatest limitation was the scarce response rate of the selected respondents.  Of the 34 general 

contractors selected for the survey, only 13 had provided responses.  That is a response rate of 

38%; not ideal with a smaller sample pool and the anticipated response rate of 50%.  With the 

specific requirements for the sample (green contractor, in the Midwestern United States, 

residential, new construction), creating a larger pool was difficult.  Potential options to improve 

this issue are reviewed in the discussion. 

Discussion 

 In Chapter II, the study on potential Wisconsin water conservation evaluated the 

relationship between utility managers, consumers and water loss control techniques using 

surveys and statistical data collected from other sources.  The intent was to analyze the statewide 

achievability of water savings under various conservation and efficiency options (Camp, Dresser 

& McKee Inc., 2011).  Camp, Dresser & McKee Inc.’s (2011) study was aimed at utility 

managers to gather information on their opinions of these various water conservation techniques 

and determine which techniques have already been put into use.  It also gathered information on 
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the perceived impact the techniques have on consumers through the utilities customer service 

satisfaction area.  Gathering information on the customer’s perceived satisfaction through 

surveying the utility companies and not the consumers themselves provides generalized results.  

This is helpful to the content of the study by Camp, Dresser & McKee Inc. (2011), but should 

not be used as 100% accurate representation of consumer opinion. 

 Here, general contractors that works sustainably in the Midwestern United States were 

administered a survey to support the findings from Camp, Dresser & McKee Inc. (2011) and 

enhance the current body research of water conservation and retention.   

Education 

Seven out of the ten respondents to question 8 of the survey stated that the critical path to 

improve the implementation of greywater and rainwater retention systems, and water 

conservation as a whole, is to better educate consumers, the general contractors, city officials and 

utility companies.  All parties play a part in water conservation and “planning for water 

sustainability must support and engage citizens as learners, as decision makers, and as actors on 

whom water sustainability depends” (Swackhamer et al., 2014).  This is a similar finding to 

Camp, Dresser & McKee Inc. (2011) who concluded that water conservation education has a 

positive impact on customer satisfaction and plays an integral part of water conservation efforts 

but is not the sole solution to conservation improvement. 

 Community education.  The backbone to utilizing other conservation and reclamation 

tactics effectively is proper education to all citizens, companies and officials on the importance 

of water usage and supply.  It is more common than not that citizens practice unsustainable water 

usage behaviors (Swackhamer et al., 2014).  These behaviors are not necessarily intentional nor 

are the citizens aware of the consequences.  It is difficult for someone to understand the 
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consequences of their own actions if they are not aware there is a fault.  The Minnesota Water 

Sustainability Framework (MWSF) (2014) states the other challenge with informing citizens is 

that organizations and those responsible for educating the public do not have a clear idea of how 

to best inform citizens.  This process is not just about informing the public, it also requires 

engagement, which is crucial to behavioral change.  Citizen engagement needs increased 

participation at the local level through increased memberships, philanthropy and volunteer 

activities in conservation organizations (Swackhamer et al., 2014).  Conservation education can 

be “distributed by means of water bill inserts, brochures, media campaigns, school programs, 

conservation-based fairs and events, and speakers’ bureaus which engage the audience and 

encourage discussion” (Camp, Dresser & McKee Inc., 2011).  Information and education 

programs contributed to a 3 to 5 percent water usage reduction as estimated by the EPA 

Conservation Plan Guidelines (Camp, Dresser & McKee Inc., 2011).   

 Citizen education is not only applicable to adults responsible for the usage and 

conservation but it is just as important to teach younger generations.  MWSF (2012) 

recommends an amended K-12 water literacy program to support sustainability and create an 

understanding of how human behavior can affect our water resources.  There should be routine 

reviews of this curriculum and an assessment tool to help track the learning and effectiveness.  

Educating citizens of the benefits of water conservation allows improvement at the end-of-use 

distribution and through behavioral changes, but does not increase the implementation of 

reclamation systems.  Educating citizens and creating awareness early in children’s lives carries 

that knowledge through to adulthood when they have the capacity to make informed decisions 

regarding the environment. 
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 Contractor education.  Contractors need greater education when it comes to water 

conservation and reclamation.  Construction contractors have a responsibility to inform their 

clients of the benefits and reasons to be conscious of their own water usage and introduce the 

systems that can reduce their water usage footprint.  General contractors are not responsible for 

telling clients how to use water but should present options on the construction side of 

conservation through rainwater and greywater reclamation systems.  Fixtures and appliances can 

be discussed in the preconstruction process as well since, as Camp, Dresser & McKee Inc. 

(2011) states, they are an end-of-use conservation effort that does not require any behavioral 

change.   

 A respondent from the survey mentioned a common issue that they had experienced in 

the past related to subcontractor knowledge of sustainable water systems.  The general contractor 

would be awarded sustainable residential projects that included either rainwater or greywater 

reclamation and mitigation systems.  Once the project began, subcontractors would begin to 

pushback on the general contractor creating delays and a complicated workplace.  This pushback 

was a result of the subcontractor not having sufficient knowledge of the conservation systems 

and project expectations during the bidding process.  This means the subcontractor will be 

completing more work than was initially bid which is non-recoverable.  Providing proper 

education to general contractors and subcontractors would create confidence for contractors to 

encourage and implement water reclamation systems.   

Another cause for the subcontractor resistance is the insubstantial building codes 

regarding greywater and rainwater.  According to Allen (2015), greywater is not currently 

addressed in Minnesota’s plumbing codes.  When greywater and rainwater are not addressed, the 
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subcontractors have to spend greater time interpreting codes and working with code officials to 

manipulate the codes to ensure the plan will be approved. 

 State agency education.  In order for water conservation systems to become commonly 

installed, plumbing codes need to be revised to address how these systems can be regulated and 

create expectation guidelines for the contractors that will be installing them.  According to 

Cowles (n.d.), institutional barriers and public perceptions create challenges for water reuse 

system.  State agencies may be aware of the importance of water conservation, but it is important 

to continue to educate.  Especially since they are in control of the regulations and building codes 

that make it difficult for contractors to implement on-site water reclamation systems. 

Building Codes and Ordinances 

Stringent building codes and water ordinances were pointed out as the most frequent 

obstacle that general contractors encounter when attempting to integrate reclamation systems in 

their projects.  Building codes are obsolete (in regards to water reclamation systems) and have 

not been adjusted to accommodate the current water conservation environment.  Camp, Dresser 

& McKee Inc. (2011) determined that creating more stringent building codes and water use 

ordinances created a negative response from customers.  This creates difficulty for the 

improvement of conservations efforts since the implementation of on-site water reclamation 

systems is contingent upon improved and stricter building codes.  However, utility companies 

are in favor of building code improvements and marginally approve of water ordinances. 

 There are many parts of the country that don’t have any greywater codes and those that 

do vary in the focus of the code and detail provided.  For example, West Virginia and 

Massachusetts only allow greywater reclamation systems in homes that have composting toilets.  

Georgia allows buckets of greywater to be used for watering plants but a permanent greywater 
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irrigation system is not permitted.  There are many barriers that still exist for greywater reuse 

although national standards are being developed for indoor water reuse (Allen, 2015).   

It is possible that a state and local agencies are slow to improve water reclamation codes 

because there are numerous agencies that have jurisdiction over the topic.  The State has highest 

authority (below national) while the Plumbing Board creates the rules for the plumbing codes.  

The Department of Health monitors the quality of water delivered to the home and the Pollution 

Control Agency oversees the removal of sewage (Cowles, n.d.).  “Minnesota’s waters are 

governed by hundreds of laws, regulations, rules, and ordinances involving more than 20 federal 

agencies, seven state agencies, and hundreds of local units of government” (Swackhamer et al., 

2014).  With so many agencies having a part, it is difficult to determine how research and 

revisions should be completed or where they should begin.  The Minnesota Water Sustainability 

Framework (MWSF) was created in 2009 and has thoroughly detailed the water quality and 

conservation concerns and the efforts necessary to improve the quality and supply.  MWSF 

recommends changes at the public, local and state level to improve education and provide 

financing for proper legislation. 

Initial Cost and Utility Cost Savings 

Recurring in the survey as another obstacle for rainwater and greywater retention systems 

is the initial cost of installing them.  Utility cost savings also ranked higher in importance to 

customers when determining whether to use water conservation systems.  But as with the study 

by Camp, Dresser & McKee Inc. (2011), the survey in this paper questioned the perceived 

opinion of customers through the general contractors and not the customers themselves.  The 

literature provides a solution to utility cost savings by having utility companies utilize inclining 

block rates to customers.  Block rates are tiered structures designed to allocate costs to customers 
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based on quantity of water used.  In turn, the costs received from the higher tiered customers 

could be used to fund conservation programs and education.  This is a temporary solution as the 

ultimate goal is to have all customers at the lowest tier structure.  The tiered rate structure could 

help offset the necessity of utility companies to utilize peak and seasonal rates.  Unfortunately, 

customers had a strong negative reaction to the use of increased block rates (Camp, Dresser & 

McKee Inc., 2011).   

 Minnesota Water Sustainability Framework (MWSF) (2014) presents several 

recommendations for an action plan to improve this outlook and create the funds to support 

conservation programs.  The first recommendation is to improve the current rating structure to be 

inclusive of all the cost of water.  To summarize, MWSF (2014) proposes several fees added to 

water connections and usage to offset conservation research and restoration costs.  This provides 

a more reliable and safer water supply, directly benefitting the customers.  The other 

recommendations include providing incentives, grants and subsidies to those that install water 

saving and reclamation technologies.  These incentives would reduce the initial cost of water 

reclamation systems and in conjunction with the tiered rate structure would save the customers 

on overall utility cost.  In the same vein as the tiered rate structure suggested by Camp, Dresser 

& McKee Inc. (2011), MWSF (2014) recommendations also include disincentives, such as taxes 

and fees, which would be given to high water impact products and services.  The taxes and fees 

recommended by Minnesota Water Sustainability Framework and the tiered rate structure in the 

study by Camp, Dresser & McKee Inc. (2011) would be legally regulated for spending on 

conservation efforts.  That way utility companies cannot spend that money on operations and 

maintenance without legal penalty (Ash, 2012). 
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Summary 

All the points discussed in this chapter work most effectively to improve water 

conservation and reclamation practices by being instated together as a whole.  Each point is 

supported through another by increasing its effectiveness and, at times, offsetting the negative 

affects of each other.  The backbone to utilizing other conservation and reclamation tactics 

effectively is proper education and engagement of all citizens, companies and officials on the 

importance of water usage and supply.  Educating the citizens of the benefits of sustainability 

and the impact poor conservation has on the nation’s water supply empowers them to make 

confident water conservation decisions.  Educating the public can be completed through 

brochures, websites, campaigns, school programs, etc (Camp, Dresser & McKee Inc., 2011).  

Citizen engagement in conjunction with education to ensure the public can bridge the connection 

between human actions to environmental quality; practice connecting knowledge to sustainable 

behavior (Swackhamer et al., 2014).  Engagement should start with children through a revised K-

12 curriculum involving sustainability. 

 It is just as important to educate those that are responsible for installing sustainable 

systems and creating the applicable building codes.  General contractors need up-to-date 

knowledge of sustainable practices to better promote to clients the benefits of conservation and 

introduce the systems that can reduce their water usage footprint.  The subcontractors installing 

the sustainable systems need proper education to have the confidence in bidding these projects 

and installing systems.  Officials that have proper knowledge would help the subcontractors 

through the process along with sufficient building codes for reference.  Education information 

and programs require a great deal of planning and funds to get started.  Cost is often the largest 

hurdle in any change of structure. 
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 State building codes and regulations are in need of reform to accommodate the growing 

need for sustainability.  The current codes require contractors and officials to spend more time 

interpreting them to find loopholes for water reclamation systems to fit.  The amount of agencies 

involved in this reform requires considerable coordination efforts from all parties, taking 

extensive time to complete.  There are agencies and institutions working on reform currently, but 

this is a reactive process rather than what could have been a proactive solution. 

 Cost is at the forefront of all the issues discussed previously.  Education programs and 

sustainable curriculum consume money to research, implement and maintain.  The same applies 

to code and regulation reform.  And as long as sustainability is an optional task, cost will always 

be a concern for the public.  Swackhamer et al. (2014) and Camp, Dresser & McKee Inc. (2011) 

both provide possible solution to offset the shock of the initial costs.  Tiered rate structures can 

encourage sustainability and penalize those that have a high water impact and fees can be added 

to monthly bills.  These have a low approval rating for citizens but reform will not appease 

everyone.  This can be offset by educating the public that these amendments can be used to 

create incentives to lower initial reclamation system costs, fix and maintain water infrastructure, 

fund education programs and other reformations that ultimately will save the customer money. 

Recommendations for Future Research 

 The research process conducted through this paper provided several learning experiences.  

Distributing the survey to a sample yielded a much lower response rate than expected.  To offset 

this problem, the sample would need to be larger to gather a more significant pool of responses.  

The sample would also need to go through greater qualification process for relevance to the 

survey.  All of the general contractors in the respondent pool marketed themselves as sustainable 

or green contractors, with the majority having Green Building accreditation.  It was gathered in 
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the survey process that a couple of the selected contractors, although claiming sustainable 

practices, did not utilize these techniques in their projects.  It is a concern, as with any hot button 

topic, that it will be used incorrectly for profit. 

 Through the research and data analysis, it was also determined that the survey data could 

be greatly improved by distributing similar surveys to multiple sample pools.  As Camp, Dresser 

& McKee Inc. (2011) point out in their study, utility managers were surveyed on predictions as 

to what their customers would think about various water loss control techniques.  The survey 

conducted for this paper did the same thing with general contractors.  Future research on this 

topic should, ideally, include distributing this survey to clients of recent sustainable projects.  

This would not have to be projects that installed water reclamation systems since the goal of 

surveying clients would be to get their opinion on sustainability and potential water reclamation 

systems.  A significant limitation to this idea is that finding these clients would be difficult, for 

privacy reasons.   

The same survey that was sent general contractors could be sent to architects as well.  It 

would be interesting to see the variations in responses to the same questions since architects and 

general contractors work closely together but can have differing opinions and perceptions.  A 

significant question that came from the paper’s findings is why building codes are lagging so far 

behind the sustainability passion.  Code official and state agencies should be distributed a survey 

to provide a better idea of how the process works and what could be done to speed the process 

and efficiency. 

Refinement of survey questions and careful attention to multiple-choice options would 

create more genuine responses.  For example, question 9 of the survey provided information that 

ended up supporting some of the findings by Camp, Dresser & McKee Inc. (2011).  Removing or 
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carefully selecting the responses of the multiple-choice items could have provided better quality 

responses.  It is possible that the choice selection of some of the multiple-choice questions may 

have had favored responses in a singular direction.  Changing these to open-ended questions 

might avoid that misdirection. 

Sustainability awareness and implementation starts with education across all platforms.  

The more each individual knows about the opportunities and benefits of proper sustainable 

behavior, it will become more commonplace in the culture and community. 
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Appendix: Green Company Survey Questions 

1. How long has your company been completing residential projects as a general contractor?  

Please select one. 

a. < 2 years  b. 2 – 5 years  c. 6 – 10 years  d. 11 – 20 years  e. 21 or more 

2. Has your company utilized rainwater or greywater retention systems in your residential 

projects in the past five years?   

a. Yes  b.   No 

3. If yes, what percentage of the projects your company completes has water retention 

systems? 

4. If your company has not completed water retention systems in the past 5 years, what do 

you think is the most accurate reason for that? Please select all that apply. 

a. Clients not interested 

b. Local water supply affects need for conservation 

c. Cost 

d. Contractor experience 

e. Other 

5. How do the water retention systems initially get introduced into the project?  Please 

select all that apply. 

a. General contractor suggestion 

b. Design team suggestion 

c. Homeowner suggestion 

d. Green building certification system 

e. Other 
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6. If your company has not completed water retention systems in the past 5 years, then in 

the past 10 years? 

a. Yes  b.   No 

7. How does lot size and topography affect the strategies used for projects with water 

retention systems?  Briefly explain. 

8. What could be done to improve the implementation of onsite water reclamation systems? 

9. What obstacles are encountered when including retention systems into projects?  Please 

select all that apply. 

a. Building codes 

b. Ordinances 

c. Clients concerns 

d. Other 

10. Please rate the following for importance in regards to greywater and rainwater 

reclamation?  Please rate “1 – Not at all Important  2 – Little Importance  3 – Neutral  4 – 

Somewhat Important  5 – Extremely Important" 

 Initial Cost   1 2 3 4 5 

 Maintenance Cost  1 2 3 4 5 

 Payback Period  1 2 3 4 5 

  Aesthetics   1 2 3 4 5 

  Water Conservation  1 2 3 4 5 

  Utility Cost Savings  1 2 3 4 5 

11. Is there is any other information that you would like to share that may be helpful in my 

research of greywater and rainwater reclamation? 


