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Rainwater
B y  M i c h a e l  N i c k l a s ,  Fa i a  

p a r t  t w o  o F  a  t h r e e - p a r t  s e r i e s

energy–water Dilemma
Irrigation represents 39% of fresh 
water demand in the United States. 
Although this may be surprising, 
most would be shocked to know 
that thermoelectric power plants 
require 38% of the country’s fresh 
water. Every day, cooling tower and 
hydroelectric power plants across 
the United States withdraw more 
than 150,000 million gallons of 
water from rivers, lakes and aquifers. 
About half of that water is evapo-
rated via cooling towers. 

In 2002, a drought forced both 
Duke Energy and Progress Energy to 
cut back their hydroelectric power 
by 70%. During the latest 2007 – 08 
drought that has affected much of 
the Southeast United States, lack 
of sufficient water, which triggered 
federal water restrictions, forced the 

Energy and water are inextricably linked. 

Roughly one quad of energy per year 

could be saved in the United States if 

we reduced water consumption by 10%. 

Energy costs make up 80% of the typi-

cal water bill. Seven to eight percent of 

the country’s energy consumption can be 

traced to moving or treating water. To get 

clean water to a household sink, 5 to 25 

Btu/gallon of water is needed. 

Aboveground steel rainwater tanks reduce excavation costs.
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is discharged at high temperatures 
directly into rivers and lakes, impact-
ing plant and fish life.

Part of the solution is clear. Reduce 
water use. And, reuse water by install-
ing a rainwater harvesting system. 

harvesting Benefits
Rain harvesting systems are becom-
ing more economical, and these sys-
tems have other advantages besides 
saving water. 

u reduces storm water runoff  
In our North Carolina region, we 
have storm water fees and nitro-
gen fees, both associated with the 
amount of water that is leaving the 
site. Rainwater harvesting acts like 
a retention pond, holding up to 2 in. 
of rainfall and reducing or eliminat-
ing the need for outside retention 

strategies. With a rainwater harvest-
ing system, a typical middle school 
site in our area of North Carolina can 
avoid paying as much as $50,000 for 
a retention pond and save at least that 
amount in runoff and nitrogen fees. 

u effective During Droughts  
Recently, at the peak of the 2007 
drought, I was asked, “What is 
the good of a rainwater harvesting 
system if it doesn’t rain much?” To 
answer, I compared the municipal 
water consumption of a school with 

Tennessee Valley Authority to shut 
down Browns Ferry Nuclear Plant 
and Duke Energy to shut down the 
Riverbend Coal Plant. This past 
April, Duke Energy, recognizing that 
some of their plants would likely be 
shut down soon due to lack of water, 
requested a rate increase from the 
state utility commission to cover the 
cost of purchased power from other 
utilities during future droughts.

Coal burning is a major factor in ele-
vated levels of nitrogen, polluting the 
air and, in turn, rivers and streams. 
The imbalance causes acidification of 
freshwater ecosystems, high nitrogen 
levels in groundwater, algal blooms 
and massive numbers of fish dying 
in estuaries. Of the 150,000 million 
gallons of water required by the large 
thermoelectric plants, the remaining 
half that is not evaporated typically 

Although the amount of fresh water 

remains relatively constant, our popula-

tion is growing. It already takes a lot of 

energy to deliver clean water and, as 

demand increases, it will take even more. 

Adding to this, our fossil and nuclear 

energy options not only use large quanti-

ties of water but pollute it as well. The 

dilemma is clear. We must save energy to 

save water, and save water to save energy. 

this is part 2 of a three-part  

series on sustainable strategies.  

part 1, on daylighting, appeared  

in the spring 2008 issue.  

in a future issue, part 3 will  

discuss integrated design.

The untapped resource

q

rainwater harvesting 
reduces or eliminates the 
need for retention ponds.
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a rainwater harvesting system to 
other comparable schools in the 
Wake County, N.C., system. I found 
that at the peak drought months of 
September and October, the school 
with the rainwater harvesting sys-
tem used 31.3 gallons per student 
per month of municipal water, and 
the other Wake County schools con-
sumed 85.8 gallons per student per 
month. Even during the drought, the 
rainwater system provided 64% of 
the demand. 

u requires less chlorine  
Municipal systems typically use 
4 parts per million of chlorine. 
Rainwater systems used for nonpota-
ble needs can be chlorinated to just 
0.25 parts per million to eliminate 

algae formation, according to the 
U.S. Air Force. The simplest chlo-
rination strategy ties the chlorinator 
to the pump that pulls rainwater 
from the underground cisterns at 
a known flow rate. Although algae 
growth is not a big concern with 
underground tank systems, it is for 
aboveground storage tanks, which 
have a greater chance of exposure to 
sunlight. Chlorination to the recom-
mended 0.25 parts per million safe-
guards the water in the tank. 

u lowers Nitrogen Flow off site 
into local streams  
In North Carolina, 1 lb of nitrogen is 
reduced for every 8,000 to 9,000 ft2 of 
roof area used for rainwater harvesting. 
However, a commonly used first flush 
strategy that allows the rain falling on 
the roof to be diverted to a storm drain-
age system does not provide this ben-
efit. Used to reduce filter maintenance, 
this strategy dumps the debris as well 
as the nitrogen. To reduce nitrogen 
flow, use better filters and allow all 
rainwater to flow into the storage tank. 

q

Power plants evaporate 
roughly one-fifth of the 
water used in the united 
states every day.

r a i N w at e r  c at c h M e N t  s y s t e M s

Ranging in size from 10,000 gallons to 25,000 gallons, precast concrete tanks can 
be buried and tied together.
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u Buffer tank 

Upon demand, the water is pumped 
from the underground tanks into a 
smaller, inside buffer tank that is sized 
to handle the short-term demand. 

If there is too much rainwater, the 
underground tanks overflow to the 
storm system or a constructed wetland. 

If there is insufficient rainwater, 
municipal or well makeup water  
can be dumped into the top of the 
buffer tank. 

A pneumatic tank pressurizes the 
system and the nonpotable water 
through a separate piping system. The 
water then flows to the toilets, urinals 
and irrigation system. No rainwater is 
used for potable purposes. 

u Dual Functions 

To help reduce the cost impacts of 
the rainwater system, think of how 
the tank can serve dual functions. 

At Northern Guilford Middle and 
High School, the 360,000 gallon 
rainwater cistern stores enough rain-
water to provide for 80 – 90% of the 
school’s water demand. The cistern 
also retains enough reserve water for 
fire protection. Additionally, the top 
of the tank is used for a basketball 
court, reducing the overall cost of the 
project through dual functions. 

It is possible to use the main rain-
water storage tank for recovering 
and storing condensate from cooling 
equipment, further enhancing the 
value and water savings. 

The weight of the concrete helps in 
areas where the water table is high 
and buoyancy issues come into play. 

Aboveground steel tanks reduce exca-
vation costs but create other problems 
related to freezing and aesthetics. 

Because of the potential exposure to 
sunlight, aboveground tanks increase 
the need for chlorination to prevent 
algae growth. 

The biggest plus for aboveground 
tanks is the educational value in 
school applications.

u size

Typically, the size of the storage 
tank(s) is driven by the normal fre-
quency of rainfall, the amount of 
rainfall during a typical event, and 
the demand. 

When sizing the tank, consider 
recent trends as well as long-term 
historic rainfall data.

u location 

When locating the tank(s), keep in 
mind the extent of the necessary 
excavation. 

For safety purposes, the hole typi-
cally will need to be cut back at a 45 
degree angle from the bottom, slop-
ing upward. 

Place the tanks as close as possible 
to the demand location. 

Do not place them too closely to the 
building foundation. 

When placing multiple tanks, allow 
enough space between the tanks so 
that the connecting piping can be 
adequately sealed from the outside 
as well as inside the tanks. 

implementing the system

u collection area

Do not collect polluted runoff from 
parking lots or groundwater. Direct 
this runoff through bioswales to con-
structed wetlands. 

Only consider roof area and ideally 
roofs with a smooth finish that do not 
easily collect dirt and debris. Single-
ply and metal roofs work great. 

Asphalt shingles require additional fil-
tering because of the granular coating. 

After being filtered for large debris, 
the rainwater collected off the  
roof areas is directed to the large 
storage tank(s). 

u storage tank

From a construction cost stand-
point, the choice of storage tank 
is a major driver. Even consider-
ing the high cost associated with 
excavation, underground tanks, 
unless buried too deeply, tend to 
be less expensive. 

It is hard to beat the cost of a pre-
fabricated, structurally engineered 
septic tank. 

One good option is using multiple, 
precast concrete tanks that are buried 
and tied together with the individual 
tanks ranging in size from 10,000 gal-
lons to 25,000 gallons. 

q

Collected rainwater 
requires less chlorine. 
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w at e r  D e M a N D

Although world population is projected to 
grow from six billion people today to 10 bil-
lion in 2050, the demand for water is grow-
ing at least twice as fast. over the past 
century the global population doubled, and 
the world’s consumption of water grew six-
fold. By 2015, 40% of the world’s popula-
tion will be living in regions with inadequate 
fresh water supply. By 2025, the united 
nations projects that water-stressed areas 
will account for two-thirds of all countries, 
impacting more than three billion people. 

Agricultural demands drive many immediate 
problems. Worldwide, more than 50 trillion 
gallons of water are being pumped each 
year from aquifers without being replen-
ished. in the united states, farmers have 
been overpumping the country’s aquifers by 

14 billion m3 per year. Already, agricultural 
production in 80 nations is retarded by lack 
of fresh water. india, China, northern Africa, 
the middle east and the united states face 
the most critical water shortages.

To make matters worse, over the past 
couple of decades, many aquifers have 
become increasingly polluted from nitro-
gen, pesticides and toxic chemicals. sixty 
percent of the wells sampled in agricultural 
areas of the united states during the 
1990s contained pesticides. With many 
polluted aquifers, the use of nontreated 
aquifer water is being questioned.

As rivers and aquifers run dry and the 
availability of fresh water decreases, coun-
tries with water shortages will increase 

demands for grain from entrepreneurs 
that are seeking opportunities to privatize 
the increasingly limited water supplies. 
Because biofuels and food crops are 
competing for the same limited water 
resources, agricultural-related water needs 
will grow by as much as 100% by 2025, 
according to the united nations. As water 
supply problems increase, the world’s grain 
market will destabilize and global tension 
will heighten. The need to conserve and 
reuse water has never been greater. 

q

Water treatment and 
delivery use 7– 8% of 
the country’s energy.

Water treated in an on-site, environmentally sound waste treatment plant can be 
used for subsurface irrigation.

Building inspection obstacles

u Municipal water Eliminate any 
chance that the rainwater can con-
taminate the municipal water line. 
To ensure that the rainwater cannot 
contaminate the potable line, pro-
vide an air gap between the makeup 
municipal or well water line and the 
buffer tank. The air gap is failsafe. 

u Billing How can the city bill 
the owner? Most municipalities bill 
by water supplied, not waste out. 
Municipalities assume waste out 
equals water in. The answer is to 
install multiple flowmeters. Measure 
both the municipal water and rain-
water. In some cases, also measure 
the water that is going to irrigation 
and not into the sanitary sewer lines. 

u Building code Building codes, 
almost everywhere, only mention gray 
water. Rainwater is not gray water. It 
does not come from sinks and drink-
ing fountains and is not subject to the 
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In addition to storing enough rainwater to meet 80–90% of the water demand, the underground tank serves as a basketball court. 

o N e  F i r M ’ s  e x p e r i e N c e

rainwater harvesting systems

 gallons saved Tank size net Cost Cost of Tank 
school in north Carolina (per year) (gallons)  (per gallon)

northern guilford middle  4–5 million 360,000 $500,000 $1.39  
and High school

Heritage middle school 1.8 million 120,000 $200,000 $1.67 

smith middle school 1.2 million 100,000 $170,000 $1.70 

millbrook elementary school 0.5 million  10,000 $70,000 $7.00 

since 2000, rainwater harvesting systems 
implemented by our firm have collectively 
saved 123 million gallons and offset annual 
municipal water demand by 33 million gal-
lons of water each year. most systems have 
been implemented in schools throughout 
the southeast, where 15 gallons of rainwa-
ter collected per square foot of roof area 
meet 80% to 90% of the water demand. 
The bigger these systems become, the 
more economical they are for the owners. 

q

rainwater harvesting  
reduces nitrogen fees. 
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e N v i r o N M e N ta l ly  s o u N D  w at e r  c yc l e

q

even during droughts, 
harvested rainwater can 
meet a high percentage 
of water demands.
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potential disease problems that are 
present with gray water. With a gray 
water system, excess water must be 
directed to the sanitary sewer, not the 
wetland or storm system. If the local 
building inspector incorrectly clas-
sifies the rainwater system as a gray 
water system, the costs for enhanced 
treatment and piping greatly impact 
the overall cost-to-benefit. 

holistic approach
One environmentally sound water 
management strategy involves 
implementing a plant-based waste 
treatment system called a Living 
Machine®. Northern Guilford Middle 
and High School, a site with no 
municipal water or waste lines within 
miles, saves 4 to 5 million gallons per 
year with a rainwater harvesting strat-
egy used for the toilets and urinals. 

From the toilets and urinals, waste is 
directed to an on-site, environmen-
tally sound waste treatment plant that 
treats up to 30,000 gallons of waste 
per day using a wetland strategy. 
Environmental benefits include nitro-
gen reduction and on-site treatment. 

The treated water is used for sub-
surface irrigation, saving another 
5 million gallons per year. And, 
after borrowing the water twice and 
reducing nitrogen, the school’s water 
system allows the water to flow into 
the aquifer. Not only does the school 

An air gap between the makeup 
water line and the buffer tank 
ensures that rainwater does not con-
taminate the potable line.

l i v i N g  M a c h i N e ®

q

Power production from 
coal, the country’s num-
ber one energy source, 
uses the most water.
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save more than 9 million gallons per 
year, but it annually exports 5.7 mil-
lion gallons of water to the adjacent 
high school. At Northern Guilford 
Middle and High School, the energy 
content of the 9 million gallons of 
water saved equates to 1,600 Btu/ft2 
per year. 

changing routines
The minimum annual water consump-
tion needed to sustain life, including 
food production, is 7,500 gallons 
per year per person. In the United 
States, the average consumption is 
1,370 gallons per day per person, or 
500,000 gallons per year. This must 
drastically change. Water conserva-
tion in the United States must become 
routine and rainwater harvesting must 
become commonplace. •
A subsequent article by the author, 
discussing integrated design, will be 
published in the Fall 2008 issue.

Michael Nicklas, Faia, is president, 
cofounder and design principal at 
innovative design, inc., in raleigh, n.C. 
He is past president of the international 
solar energy society. recently, he 
served on the project committee of 
AsHrAe’s publication, Advanced Energy 
Design Guide for K–12 School Buildings: 
Achieving 30% Energy Savings Toward a 
Net Zero Energy Building.
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B i B l i o g r a p h y

q

less nitrogen compounds 
flow off the site into local 
streams with rainwater 
harvesting.

c o N s t r u c t e D  w e t l a N D
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