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Abstract. The system outlined in this paper
was designed to reduce the cost of water at
the CAMTAC Linamar plant through the har-
vesting of rainwater. The rainwater harvesting
system consists of five components: collection,
distribution, storage, water quality, and control
mechanisms to accommodate non-ideal rainfall
conditions. Historical rainfall data was used in
a MATLAB model to simulate the amount of
water that could be utilized by the CAMTAC
plant using this system. From this model, it was
determined that such a system could be imple-
mented with a pay back period of 3.
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1 Introduction

The Linamar Corporation has identified water supply at
its CAMTAC plant as a priority for potential cost-savings.
A rainwater harvesting system has been designed to sup-
plement the water that the Linamar Corporation pur-
chases from the City of Guelph. Rainwater harvesting is
the capture and storage of rainwater for purposes such
as landscape irrigation, potable and non-potable indoor
uses, and storm water abatement [1]. The constraints for
this project are that capital cost be less than $30 000
and the return on investment be less than one year. The
water produced by the system must also fulfill the qual-
ity standards required for the manufacturing processes.
The system must adhere to building code, and not have
negative impact on the productivity of the plant. Crite-
ria for this project is to minimize capital costs as far as
possible below $30 000, minimize operational and main-
tenance costs, and minimize structural alterations to the
building. A MATLAB model was created to simulate the
rainwater harvesting system over a year using historical
precipitation values in order to properly size and control
the system.

2 Methodology

In order to design a cost-optimized rainwater harvesting
system, an accurate model is required to simulate the sys-
tem storage capacity and daily factory water use to quan-
tify the amount of water use that can be supplemented
by rainwater. It was assumed that the daily factory water
use was constant, a collection efficiency of 60 percent, no

leakages, and future rainfall is similar to historical data.
A MATLAB model accounted for daily flow of water into
the system from the rain collected on the roof and the
water used for manufacturing processes. Rain data from
the past 50 years is used to determine the savings that
the rainwater harvesting system will yield.

Inflow in cubic meters is calculated using a collection
efficiency factor, roof area and a historical daily rainfall
value. The water use by the factory is based on the max-
imum output rate of the Reverse Osmosis unit. This is
an appropriate value as all the water that is used for the
machines passes through this unit. To incorporate storage
into the model a feedback loop was created. The model
output includes the daily water volume present in the
storage tank and the overall annual savings associated
with the reduced municipal water use. Refer to Figure 1
for the MATLAB model.
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Fig. 1. Matlab model of Rainwater harvesting system.
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Fig. 2. Overall System Diagram (not to scale)
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3 Overall Design

The flow of water through the rainwater harvesting sys-
tem is depicted in Figure 2. Rainwater is collected from
the roof through existing drains and travels underground
through the existing downspouts. It is then pumped from
an intermediate resevoir to the water distribution area
on the second floor of the plant, where it is stored. Af-
ter this, the water undergoes filtration, UV disinfection
and is sent through the reverse osmosis (RO) unit. Water
output from the RO unit can be safely used for industrial
processes.

4 Detailed Design

Collection: The existing roof drainage and downspout
system are to be utilized for the collection of rainwater.
Rainwater will be diverted into the 35 downspouts located
on the roof of the plant. These downspouts will then carry
the rainwater to a central pipeline located below ground
level on the north side of the plant.

Distribution: The storm line that diverts the rainwater
to a trench will be intercepted 10 feet outside the build-
ing. A 4m3 pumping chamber resevoir will be excavated
7 feet underground under the northwest parking lot. This
resevoir will be used as a buffer from which the 4hp pump
will send the water to the storage tanks in water process-
ing area on the second floor of the plant. Water is pumped
through a 3” PVC pipe primarily through the inside of
the plant to the storage tanks. If the storage tanks are
full, or when the rainfall overflows the resevoir rainwater
will simply continue along the storm line to the trench.

Storage: The preference of the client was that the water
storage area would be on the second floor of the plant,
in the water processing area. Based on the load-bearing
capacity of the floor, and the results from the MATLAB
rainfall model, four 11.36m3 (3000 gallon) tanks were cho-
sen for this design. The tank material is polyethylene be-
cause it is lightweight, inexpensive, and matches the ma-
terial of the existing tanks in the room. The tanks would
be placed in series, filling at the same rate. From these
tanks, the water would be pumped from a sump pump
rated at 5 GPM, the flow rate required for input into the
RO unit.

Quality: Filtration is necessary to maintain the process
water quality standards, ensure effective disinfection and
to protect the RO membrane which the rainwater must
pass. Once the rainwater is pumped out of the storage
tanks it passes through a 25 micron sediment cartridge
filter. It then undergoes ultra-violet disinfection before it
passes through the RO unit.

Preventative Design Elements: The system has been de-
signed as dual-supply system [2], which means that the
rainwater will be supplemented by city water when nec-
essary. Pressure sensors are located in the storage tanks

and in the resevoir. In the storage tank, the sensor signals
the pump in the resevoir, the pump in the storage tank
and the solenoid valve at the juntion between city and
rain water to react. If the storage tank levels are greater
than 95 percent capacity, the 4 hp pump is turned off. If
capacity is less than 5 percent the solenoid valve at the
city water/rain water junction is switched to city water
and the storage tank pump is shut off. The storage tanks
only supply rainwater when capacity in the storage tanks
is between 5 and 95 percent. A double check backflow pre-
venter will prevent contamination of the municipal water
source by rainwater. Finally, the 4 hp pump is addition-
ally controlled by a sensor in the resevoir signalling it to
shut off if capacity in less that 5 percent.

5 Discussion

It was determined from the rainfall model that the overall
savings from this system will be $6963 per year. The total
cost of this design is approximately $14500. This means
that the rate of return on the implementation of the rain-
water harvesting system would be approximately 3 years
at an internal rate of return of 20. In addition to mone-
tary savings, using rainwater alleviates the burden on the
citys shared natural resources and as such improves the
recognition of Linamar as an environmentally sustainable
corporation with LEED status. Furthermore, the Lina-
mar Corporation has planned for future expansion of this
plant. Integrating rainwater harvesting technology into
additional buildings at the time of construction would
further increase annual water savings.
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