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Abstract 
With a rapidly growing population, it is becoming more challenging for Florida to meet an increasing 

water demand. Florida gets most of its fresh water from groundwater (6.4 billion gallons/day) but, with 

a predicted 18% increase in water usage from 2015 to 2035, this will cease to be a sufficient source. In 

2010, 48% of groundwater withdrawals came from the public supply which primarily supplies private 

households. Reducing domestic water consumption would thus be essential in reducing groundwater 

withdrawals. Since up to 60 % of water usage in an average American household does not require 

potable water supplementing this water with captured rainwater could significantly reduce groundwater 

withdrawals from households. Florida have an average yearly precipitation of 40 to 60 inches, and using 

state average values, a small household could save up to 30’000 gallons each year. In addition to 

reducing stress on the aquifers such a reduction would result in significant monetary savings on water 

utilities for the individual consumer. Electrical energy consumption is also a significant component of 

water distribution. Local rainwater collection and storage uses water that is already available and 

reduces the energy expended on extraction and transportation. Water saving would thus also result in a 

reduction of state wide energy consumption and greenhouse gas emissions.  

 

Introduction 
With a rapidly growing population Florida’s water demand is predicted to face an increase of 18 % from 

2015 to 2035[1]. The aquifers currently comprise 65 % of the freshwater supply and are already under 

significant pressure and the predicted increase in demand will likely have environmental impacts. 

Several studies agree that an increased in the use of alternative water sources will be needed to relieve 

stress on the Floridian aquifers and reduce the likelihood of serious environmental impacts.  

Combined with the fact that domestic water use gets over 90% [2] of its supply from the aquifers and 

that up to 60 percent of this water is used for purposes that does not require water of potable quality [3]. 

Supplementing domestic water usage with rainwater has a great potential to reduce the amount of 

water drawn from the aquifers. This would reduce the chance of negative environmental impacts like 

saltwater intrusion, sink hole development, and reduced spring flows [4]. Rainwater could be utilized for 

flushing toilets and outside uses which do not require potable water. Rainwater utilization, therefore, 

has a potential to reduce water demand and its related energy consumption. However, a major problem 

with rainwater harvesting is inspiring homeowners to adapt the technology. The environmental impact 

of overusing the aquifers is not intuitively understood, and if this is the only selling point of the 

technology it is difficult for homeowners to z the immediate benefit. This study thus aims to quantify the 

direct water, energy, and dollar savings of collecting rainwater.   

In quantifying the effect of rainwater capture this study also highlights the electrical energy component 

of water distribution. Although it is responsible for about 2 % [5] of the national energy usage the cost of 

this is generally covered by utility companies. Most consumers thus do not have a relationship to the 

energy needed for water production and distribution and it is often overlooked. 

With an average yearly precipitation between 40- and 60-inches rainwater harvesting has a significant 

potential for water savings. 
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Materials and methods 
A literary review of historical precipitation data, water-usage trends, and power requirements for water 

supplies within Florida and the United States was conducted in order to gain an understanding of the 

current water usage. Calculations of water collection capacity for houses and structures of different 

sizes was then done to determine maximum potential water collection. This data was then in turn 

compared to the current water usage trends to find what part of the collected water that could 

realistically be used to supplement domestic water usage. Once the effective water savings had been 

calculated the prices of local utility providers where used to determine and quantify the monetary 

savings for home owners using rainwater collection. National data for the energy requirements of water 

production and Floridian energy production was also used to quantify the energy savings resulting from 

reducing water consumption.  

 

Results 
Water usage trends: 
State level 

According to data from 2010, Agriculture and the public supply were the two major water consumers in 

Florida. Combined they were responsible for about 75 % of all fresh water withdrawals (figure 1) [2]. 

Currently public supply is about to surpass Agriculture, and the recent water usage predictions made in 

the 2016 annual report on Regional Water Supply Planning by the Florida Department of Environment 

Protection predicts that the public supply will continue to increase with a growing population. From 

2015 to 2035 Florida is predicted to see a population growth of about 27 %. While agriculture will only 

see minor changes, this is predicted to cause a 23 % increase in the public water demand [1]. 

  
Figure 1, Freshwater withdrawals in Florida [1]  Figure 2, Groundwater withdrawals in Florida [2] 

When considering the sources of the public supply this development is especially concerning. Even 

though agriculture had the largest fresh water withdrawal in 2010 only 55 % of the water used for 

agriculture is taken from groundwater. On the other hand, about 90 % of the public supply is taken from 

ground water. With this the public supply accounts for 48 % of all ground water withdrawals (figure 2) 

[2], and the predicted increase in this sector would have a significant impact on the stress put on the 

Florida aquifers. 
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Domestic 

Domestic water usage accounts for the great majority of public supply. Looking at household water 

usage is therefore an essential part in tackling the increasing public supply. Household’s water 

consumption is generally split into two categories, indoor and outdoor use. For a normal household 

nearly all water comes from the public supply through utility companies. This water is subject to strict 

regulations and is required to be potable. However, some domestic water features do not require 

potable water. For indoor usage toilets is an example of this. Flushing the toilet accounts for about a 

quarter of indoor water usage [2]. For outdoor usage unnecessary use of potable water is even more 

prevalent. Lawn irrigation swimming pools and other outdoor usage can account for as much as 50% of 

total household usage [2]. This in turn makes up a significant portion of the total public supply and 

supplementing or replacing the water used for such tasks with collected rainwater could be very 

effective in reducing water withdrawals from the aquifers. 

Agriculture 

While agriculture use more surface water than the public supply it still consumes a significant amount of 

ground water. Unfortunately, water usage reductions in this area are more challenging. Conventional 

open field agriculture covers vast areas of land and already have elaborate and well optimized irrigation 

systems. Farmlands have a great surface area and already benefits from rainwater directly. Thus, 

additional rainwater collected by farms would realistically only have a minor impact. However, the 

growing protected agriculture industry in Florida is facing a different water challenge. Like common 

crops the growth rate and water consumption of greenhouse plants peak during the summer, but 

greenhouse crops do not benefit from the natural irrigation that is normally provided by rainwater. 

Thus, greenhouses significantly increase their water demand during the summer.  

By collecting and using the rainwater that falls on the greenhouse roof this increased demand could be 

offset, and thus reduce the water usage of greenhouses. 

A typical greenhouse requires a peak rate of 0.3-0.4 gallons of water per square foot of growing area per 

day [6] with the exact amount varying significantly based on the type of crop and time of year. Florida’s 

averaged daily precipitation varies from between 0.06 and 0.15 gallons [2] per ft2 as seen in figure 3.  

Taking an example of a 20ft x 100ft greenhouse with a growing area 1600 ft2. The greenhouse would 

need between 480 and 640 gallons per day. Using the structure surface area to calculate the rainwater 

that would be collected we get between 120 and 300 gallons per day. From this it is evident that not all 

greenhouse water usage can come from rainwater, but it also indicates that nearly 100% of the 

collected water could be used to reduce total water consumption. 
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Figure 3, Average Monthly Rainfall (Gallons/ft2) [ 7] 

While the potential water savings from rainwater collection of greenhouses are clear it is also worth to 

note that greenhouses that operate on an industrial scale could have problems with water regulations. 

Since rainwater is not considered potable it cannot directly be used to water certain crops, in particular 

edible crops where you would eat the skin of the product. The water quality in terms of pH levels and 

potential contaminants should also be considered for large scale operations. 

 

Water, energy, and monetary savings 
To quantify the effect of rainwater implementation calculations were done to find the amount of water, 

energy, and money saved for certain generic households. 

Water 

With an average household size of 2.47 [8] and an average residential usage of 85 gallons/day [9], an 

average Floridian household would use about 210 gallons/day. Between 30% and 60% of this is outside 

water usage [10]. By combining the historical rain data with the land print area of typical roof sizes (1500 

and 3000 feet2) an expected daily water collection can be calculated by multiplying monthly 

precipitation by surface area and dividing number of days. As seen in table 1, a small house with a roof 

of 1’500 ft2 will collect between 110 and 70 gallons/day between October and May, and over 200 

gallons/day from Jun to September. Assuming that this household has two inhabitants with the Florida 

average water usage of 85 gallons/day (a total of 170 gd for the household) and uses 50 percentage 

outside there would be only two months (November and December) of the year when this usage could 

not me supplied by rainwater. Even for these months it would be reasonable to assume that water 

reserves from previous months could cover the remaining demand. In this case rainwater collection 

would save approximately 30’000 gallons per year. 
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Table 1, daily water collection potential based on month average values 

Monetary savings 

The price of water varies greatly between different utility companies and the amount consumed. This 

study therefore looks at the saving from three different companies, North Fort Myers, City of Williston, 

and Gainesville Regional Utilities (GRU) (table 2). North Forth Meyers is chosen as an example of a high 

price utility, the City of Williston is a low-price example, and GRU is and example of a mid-range 

provider. 

Utility Name Minimum Charge 4,000 GAL 8,000 GAL 
North Fort Myers $17.62   $47.98 (7.59 kG) $78.34 (7.59 kG) 

Gainesville Regional 
Utilities  

$9.45 $19.25 (2.45 kG) $34.25 (3.75 kG) 

City of Williston  $7.32   $12.12 (1.20 kG) $17.82 (1.43 kG) 

Table 2, Water prices of different utility companies [11] 

Using the previous example, a of a two-person residence saving 30’000 gallons of water each year, and 

expanding the example to a family household with 3 residents and a surface area of 3’000 ft2 saving 

45’000 gallons each year would give the savings seen in the Table 3 

 

 Yearly savings 

 
North Fort Myers 

Gainesville Regional 
Utilities 

City of Williston 

Small household (using 5 k gallons 
month) 

227.70 $ 89.10 $ 38.76 $ 

Large household (using 7.65 k gallons 
month) 

341.55 $ 167.19 $ 64.07 $ 

Table 3, dollar savings for different household sizes and utility providers  

These results show that rainwater capture could be very beneficial in certain districts but give less saving 

and have less of an economic incentive for consumers in districts with inexpensive utilities. 

Electricity 

The cost of electrical energy used in water extraction, treatment, and distribution, is generally covered 

by utility companies. Consumers therefore never see this component of their water usage and it is often 

overlooked.  

Despite getting little attention energy usage is a major component of water production and should be 

considered when accounting for the effects of water conservation. On a national scale water supply 

accounts for 2% of US electrical energy usage [6]. Since most electrical energy is not produced from 
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renewable sources a reduction in water usage will also affect CO2 emissions. The electrical energy 

required to provide water is 1’824 kWh per million gallons [12]. Multiplying this with the water savings of 

the two previous examples we get yearly savings of 55 kWh (30’000 gallons) and 82 kWh (45’000) or the 

equivalent of running a 1000-Watt microwave for 55 and 82 hours respectively.  

For calculating the CO2 emission reduction, the Florida’s average CO2 emission of energy production, 

991lbs/MWh [13], was multiplied with the amount of energy saved. This gave the result seen in table 4 

 

Power saved 
(kWh) 

CO2 emissions 
reduced (lbs.) 

Small household (saving 30k 
gallons/year) 

54.72 54.23 

Large household (saving 45k 
gallons/year) 

82.02 81.34 

Table 4, reduction in energy usage and CO2 emissions 

 

Discussion 
Limitations 
Irregular Rainfall 

Since the rain data used in this study are averaged monthly values, it fails to account for dry spells 

throughout the months. The rainfall in Florida is often irregular, and during the winter months one could 

face dry spells in excess of 10 days. Although this is a significant challenge a sufficiently large water 

storage, e.g. a 1000- or 2000-gallons tank, would in most cases store enough water to last through these 

periods and fix this problem.  

Average data 

Since this is a generalized study and relays on an averaged data for calculations the results found in this 

study cannot be directly applied. The intention of the study was to create an overview of what general 

adaptation of rainwater collection could do for an individual consumer. While using average values 

makes the data more relevant for a larger portion of the Floridian population the degree of precision 

that would have been gained by performing a local case study was lost. 

By using averaged values, the study does not account for the difference between urban, suburban and 

rural residents. Residents living in cities and apartment complexes are little likely to spend large 

amounts of water on irrigation. On the other hand, those living in houses with gardens are likely to have 

a larger outdoor water usage than the values used in this study. While residents without gardens would 

not benefit as much from water savings as those with gardens the water savings for garden owners 

would potentially be greater than what is outlined here.   

Conclusion 
Households are the largest corporate in freshwater withdrawal, and it is essential to focus on this area 

when tackling the mounting stress on the Florida aquifers.  This study indicates that the adaption of 

rainwater collection technology has a great potential to reduce the domestic water demand from the 

public supply and mitigate the effect of excessive groundwater withdrawal. A large portion of domestic 
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water usage unnecessarily uses potable groundwater and substituting this usage with rainwater will 

significantly reduce the use of groundwater. 

The economic benefits of rainwater collection vary greatly depending on the local utility prices. 

Rainwater collection could bring significant economic benefits to homeowners living areas with 

especially high price water utility prices. However, in other areas where water is relatively cheap there 

would be little economic incentive to invest in a rainwater collection system.  

While the electrical energy savings of rainwater collection are not directly felt by consumers it still 

contributes to reducing global energy usage. Florida still relays mainly on non-renewable energy 

sources, and a reduction in usage will thus also bring a reduction in CO2 emission.  

 

Further work 
While this study looked at Florida as a whole, it is also necessary to conduct local studies. Precipitation 

and water usage trends vary across Florida, and local data should be used to increase the precision and 

accuracy of the conclusions in this study.  

• Encouraging adaptation 

o To facilitate effective implementation of rainwater collection technology a study should 

be done to identify which areas would be most likely to adapt the technology. Such a 

study should consider water prices, rainfall, non-potable water usage, and household 

surface area on a local scale. The study could thus determine areas where residents 

would benefit most from rainwater collection and enable promotion campaigns to be 

more targeted and successful. 

• Determining large scale impact 

o Identifying households that are suited for and would likely adapt rainwater collection 

would enable quantifying the impact that large scale implementation would have on 

total water usage in Florida. This could give an important perspective and be useful 

when outlining future water usage policies. 
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