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Abstract. In this paper we present an environ-
mentally friendly rain water harvesting system
to supply a 2 acre organic farm with all of its
water requirements. The main idea is to capture
all the required water from the roofs of nearby
building. An underground piping network will
be used to carry the water to an in ground tank.
From here the water will be pumped through a
filtration system on its way to the site. The sys-
tem supplies enough water to support the farm
throughout the entire year at a cost of approxi-
mately $60,000.
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1 Introduction

The Guelph Center for Urban Orgainic Farming (GCUOF)
in Guelph, Ontario requires an environmentally friendly
and cost effective solution for its water supply system[1].
The water supply system is expected to deliver enough
water to irrigate a 2 acre field located in the northeast
corner of the University of Guelph’s campus. The follow-
ing criteria and constraints were used to optimize the de-
sign: minimize costs without jeopardizing crop survival,
minimize environmental impacts, water quality must be
suitable for drip irrigation, and all structures designed
must meet Ontario building codes. Located within the 2
acre site is a greenhouse and permaculture area that does
not require irrigation. It was calculated that only 1 acre of
the 2 acre site will require water which includes the green-
house. A preliminary report was presented to a panel of
colleagues and reviewed in order to obtain feedback and
to refine the final design.

2 Conceptual Design/Methodology

The design consists of 5 major components: Capture,
Transport, Storage, Filtration and Distribution (Figure
1).

Fig. 1. Block diagram of conceptual design

The water that is collected will be transported to the
storage tank. When irrigation is needed the water will be

distributed to the site, and the greenhouse from the tank
using a drip irrigation system.

The analysis of the water supply to the GCUOF was
quantified by working backwards from a demand perspec-
tive. The demand being the amount of water required for
the irrigation of the field and greenhouse. Once the de-
mand was determined the other components of the water
supply system were designed.

Fig. 2. Effect of roof area on the percentage of years with no
dry period

Fig. 3. Effect of tank size on the percentage of years with no
dry period

A mathematical model that included soil water stor-
age, evapotranspiration and precipitation was developed.
The model compares the effects of tank size and roof area
on the amount of years with a dry period (crops receive no
water from the soil, tank or percipitation) to the overall
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project cost (Figure 2 and 3). From the model the opti-
mum tank size and roof area were calculated to be 100m3

and 2150m2. From this analysis it was determined that
increasing the size of the system would cost much more
capital for little performance increase. This model was the
foundation for designing the other system components.

An analysis was conducted on the water quality of rain
water including coliforms, suspended solids and heavy
metal leaching. It was determined that the only signifi-
cant water quality issue is suspended solids; as suspended
soilds can clog the drip irrigation emmitters . To prevent
clogging of the drip irrigation system particles up to 20µm
will need to be filtered out. Using this analysis the appro-
priate filter system can be choosen.

3 Detailed Design

Fig. 4. Design overview and layout

The water will be collected from the roofs of the three
most easterly buildings of the east residences with a com-
bined roof area of 2150m2[2]. After a thorough cleaning of
the existing eaves troughs, store bought leaf guards will
be installed on the existing eaves troughs in order to act
as a primary filtration system to remove large debris from
the roof runoff.

The current downspouts will be fit into HDPE piping.
These pipes will run down the foundation to a collection
line running around the perimeter of the building. The
collection lines will converge and carry the water down
the adjacent slope at a minimum 2% grade to the tank.

Water will be stored in a partially submerged custom
designed cement tank, to be designed by a third party.
The storage capacity of the tank will be 100m3. The water
storage tank will be customized to prevent weathering
and will be accessible for cleaning in case of and debris
entering the tank. A weeping bed will be installed off the
tank as an overflow system.

A diesel pump will be connected to the central line
coming from the bottom of the tank. The pump will carry
the water to the greenhouse through a thin-walled flexible
PVC hose. In the greenhouse, the water will pass through
a sediment cartridge filter on its way to the field.

The greenhouse will be running all year round and
will be using water from the main storage tank during
the summer and store water in two 1.5m3 tanks inside
the greenhouse during the winter season. The water tanks
inside the greenhouse will be refilled once a week from the
main storage tank. The pressure required for greenhouse
irrigation will come from a hand pump delivering a min-
imum head of 25psi.

4 Discussion

The cost of the system is estimated at $60,000 including
all materials and labour. This system provides water to
the crops everyday of the growing season, for 70% percent
of years based on the 55 year water budget study. The
other 30% of years had some period of drought; no water
from precipitation, soil water storage, or tank storage.
Any attempt to improve performance would have resulted
in a major increase in cost. This design was determined
to be the best combination of cost and performance.

The largest problem that was encountered throughout
this project was trying to meet and determine the water
demands. Initially a water demand of 1 inch per week was
suggested, however to provide this meant a very large
and costly system. Different attempts at modeling the
system were made to try and reduce the water demands.
However, many of these attempts were unsuccessful since
modelling natural systems is very difficult. We learned,
that it would be much easier to talk to someone with
experience with these problems and ask them questions,
as opposed to determining everything for ourselves.

The design uses a diesel pump so that the organization
can use biodiesel if a local supplier is found in order to
keep with the environmental philosophy of the GCUOF.
Some form of energy is needed to operate the system and
a biodiesel system is currently the most economical source
of clean high quality energy for this application. The stor-
age tank’s roof could be incorporated as a sources of wa-
ter if it is found that the water capture system does not
supply an adequate amount of water to the farm.
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