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Abstract --In this paper the design of a natural outdoor pool
with a renewable heating alternative is presented.  Through inten-
sive design option research, a series of design matrices and sensi-
tivity analyses were created to obtain an optimal design for the
natural pool and heating system.  Further thermodynamic analy-
sis was conducted to determine the appropriate number of solar
heating elements. The results of the design calculations prove that
the heating and sanitization systems meet and exceed all the
requirements and specifications as set by the University. 

Index Terms --Natural Pools, Copper and Silver Ionization,
Solar Heating  

I.   INTRODUCTION

The two main challenges associated with an outdoor natural
pool involve the heating and sanitization requirements.  The
University of Soeville has stated that their new facility will
eliminate chlorine/bromine as well as use power from an off
grid source (i.e. renewable energy) for heating.    

In the past, pool sanitization was achieved through use of
halogens, namely bromine and chlorine.  Several more modern
alternatives were investigated such as the use of copper/silver
ionization, ozone and membrane filtration. Heating has con-
ventionally been accomplished via gas heat generators. Alter-
native energy sources such as wind turbines, geothermal and
glazed/unglazed solar collectors were examined for their abil-
ity to meet heating requirements.

Many of the contaminants within pools are introduced
through human contact with the water.  When these contami-
nants are placed in contact with chlorine, the most typical pool
water treatment system, incomplete oxidation can cause the
formation of chloramines.  These substances create the familiar
chlorine smell that is associated with these types of pools and
can lead to both respiratory and eye irritation [1], hence the
needs for chlorine/bromine free sanitization options.

The primary constraints and criteria of the design are that
there can be no chlorine residual used for the sanitization treat-
ment of the water.  The design must also be aesthetically pleas-
ing and the heating system must utilize a renewable energy
source. Finally, the pool is to be located in parking lot P12 of
the University campus and all Ontario health and safety regula-
tions as well as typical amenities of a half Olympic size out-
door pool must be present. 

The major assumptions made for the pool design are that the
pool will only be operational for 107 days of the year (June
through September) and the pool will operate for 12 hours a
day.

The design process entailed a comparison and optimization
of several options for both the sanitization and heating sys-

tems. In turn, the design is comprised of a new and novel idea
in that the strengths of two sanitization systems are combined
to completely eliminate the need for chlorine.  The energy for
heating the pool is also completely supplied by the sun, which
makes this pool a self-sustaining, chlorine free environment. 

The milestone as set by the design group was to develop a
complete set of structural, layout and process drawings as well
as an in-depth thermodynamic analysis of the heating system
for the pool design.

The design was approached through researching design
options and using a series of design matrices and sensitivity
analyses to obtain an optimal design for the natural pool and
heating system. Further thermodynamic analysis was con-
ducted to determine the appropriate number of solar heating
elements. Results of the calculations for the design have
proven that the heating and sanitization systems can meet and
exceed all requirements and specifications as set by the Uni-
versity of Soeville.

II.   CONCEPTUAL DESIGN/METHODOLOGY

A.   Overall Design
The main focus of the natural pool design was to create an

aesthetically pleasing, half Olympic sized pool that is chlorine
free and is heated by renewable energy.  These constraints
allowed for only minor possibilities for the variation of the
overall pool design, such as location and size of change-rooms,
heating system and other amenities.  In order to accommodate
the University's athletic needs it was decided to integrate
approved Canadian Intercollegiate Sport (CIS) amenities to
allow for competitions to take place at the new pool.  

B.   Major Components
 There are several main components in the design of the nat-

ural pool.  The two most crucial of these components are the
sanitization and heating systems.  The third component is com-
prised of structural and aesthetically pleasing constituents, as
well as the requirement that all health, safety, and CIS stan-
dards are considered to ensure safe operation and that competi-
tion needs will be met. 

III.   DETAILED DESIGN

A.   Sanitization Component
Copper and Silver ions released into the water are regulated

by a central controller that measures the number of copper ions
in the pool and adjusts the current passing through the elec-
trodes to increase or decrease the number of these ions present.
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The effective range for these ions to properly purify the water
is approximately 0.2-0.3 ppm for a recreational pool [2].

These metallic ions are positively charged and work syner-
gistically to destroy bacteria and viruses as well as algae
growth.  These ions are attracted to the negatively charged cell
wall, where they attach themselves and destroy the cell wall
permeability.  This action coupled with protein denaturizing of
the ions, induces cell lysis and death in bacteria [3]. Similarly
copper, a well known algaecide, enters the cell and inhibits the
production of several key enzymes and chlorophyll, in turn dis-
rupting photosynthetic activity and other cellular processes in
algae [4].

Natural vegetation in the form of a wetland is an excellent
method for water sanitization. The type of wetland chosen
takes up 20% of the pool surface area (156 m2) and requires 6
plants per square meter in order to properly filter out pathogens
and organics (oils). In total, 940 Typha latifolia (common cat-
tail) plants will be used for this pool design.  This form of
rooted macrophyte is especially good at surviving in relatively
high surrounding aqueous copper concentrations, making it the
ideal plant for use with the copper-silver ionization technology. 

B.   Heating Component
Through optimization it was determined that the use of a

glazed solar collector system would best meet the constraints
and criteria of the design project.

The general energy input required by the solar panels to heat
the pool to an average temperature of 27oC is 882 GJ.  In order
to reduce the energy requirements two 14.6m x 27.4m (48' x
90') dual tube solar pool covers will be used when the pool is
not in use.  This will reduce the energy requirements by 60%
[5] yielding a projected energy input of 731 GJ.

From a list of over 100 different solar collectors rated by the
Florida Solar Energy Center, the 5 most promising models
were considered in the design [6]. The Fafco® Sungrabber
solar collectors were chosen for the final design. Aside from
being the most cost effective (at $24,077 compared to a com-
petitor's price of $43,400) means of heating the pool, they are
also easy to replace and are very durable. 

IV.   DISCUSSION

  The use of chlorine to sanitize pools is becoming decreas-
ingly popular due to negative health effects.  It was found that
many of the common sanitization systems used will not com-
pletely remove the chlorine residual. On the other hand, a com-
bination of systems such as the silver and copper ionization
and natural vegetation system used in this design completely
eliminates the need for chlorine.

The selection of the heating system design was a less inten-
sive exercise, since all renewable options other than solar heat-
ing were not viable for the required application.  Solar panels
were found to have the smallest environmental footprint and
were the most cost effective option.  However, it is recom-
mended for future work that the heating calculations be done
first as the solar panels take up a large portion of space.  The
layout and design of the pool and the surrounding area are
largely based on the heating system. 

Some errors are inherent in the cost calculations of the final
design. These sources of error are due to a lack of available
prices for bulk purchases of certain materials such as aquatic
plants and solar panels.  

V.   CONCLUSION

Through careful consideration of the design process, a natu-
ral outdoor pool was designed for the University of Soeville.
The sanitization component eliminates chlorine residual
through the use of copper and silver ionization coupled with
natural wetland vegetation. The heating option incorporates
unglazed solar collectors as a renewable energy source.  Health
and safety, CIS and structural standards have all been consid-
ered in developing an aesthetically pleasing natural pool
design.
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