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Developing Capacity for Large-Scale Rainwater Harvesting
in Canada
Khosrow Farahbakhsh,* Christopher Despins, and Chantelle Leidl
School of Engineering, University of Guelph, Guelph, Ontario, Canada N1G 2W1

Rainwater harvesting (RWH) is the ancient practice of capturing rainwater from impervious surfaces and storing it for future
use. Harvesting roof runoff for domestic purposes has historically been prevalent in rural areas of Canada and the practice
is currently experiencing revived interest and uptake in the urban environment. When implemented on a wide scale, RWH
can contribute to both stormwater abatement and water conservation, serving to relieve pressure on existing infrastructure
and potentially delay the need for infrastructure expansion. While such benefits are known, there remain several barriers that
impede widespread implementation. These include cost, liability concerns, and a lack of clear policy for RWH. This paper
outlines the benefits of RWH and describes findings of recent research that has attempted to develop some of the technical,
administrative, and market capacity needed to overcome these barriers, focussing on water quality, design practices, economic
analysis, and policy development.
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Introduction

(SUDS). In addition to the traditional role that rainwater
has played in providing a decentralized supply of fresh
water, these practices are recognizing the important
contribution rainwater capture and reuse can make to
municipal stormwater management. In Canada, RWH
is only beginning to be promoted for these purposes, as
seen by its inclusion in the City of Toronto Wet Weather
Flow Management Guidelines, which took effect in 2007
(City of Toronto 2006). In places like Germany, it is
becoming an entrenched practice as stormwater fees are
often prorated based on the total volume of rainwater
entering the storm sewer, thereby providing significant
incentive for RWH (Koenig personal comm. 2008).
This paper reports the results of a comprehensive
research project that aimed to fill in key research gaps
that exist for large-scale RWH and build capacity for its
broader implementation. First, the impacts of RWH on
both stormwater management and water conservation
are reported, based on both computer modelling and
observations of a demonstration site located in the City
of Guelph, Ontario. Major barriers for RWH, identified
through stakeholder interviews, are then offered. Finally,
work undertaken to address these barriers is described,
focussing on water quality, design, economic analysis,
and policy development.

Rainwater harvesting (RWH) is an ancient practice of
capturing rainwater from roofs and other hard surfaces
for future beneficial uses. In Canada, RWH was a common
practice at the turn of the century and is still practiced
in rural areas. Centralized municipal water supplies and
building code requirements have significantly reduced
the urban use of RWH and relegated it, in most parts,
to green building-type demonstrations. Combined effects
of climate change, rapid urban population growth,
water security, and stormwater management challenges
have given new impetus to RWH. Use of small (~200
L) rain barrels for outdoor watering, for example, has
picked up considerably in the past few years, and many
municipalities in Ontario provide financial incentives
to home owners towards the purchase of rain barrels.
Components of a RWH system include a catchment
surface (a roof for example), conveyance and storage
system, pressurized or non-pressurized water discharge
system, and pre or posttreatment unit processes. Storage
can range from as little as 200 L (typical rain barrels) to
as high as several thousand litres. This paper deals mainly
with large-scale RWH (>1,000 L).
The use of rainwater for domestic purposes is
playing an important role in a broader movement
towards more sustainable urban drainage practices and
land development. In Australia, RWH is a component of
water sensitive urban design (WSUD); in North America
it is included in low impact development (LID); while in
the U.K. it contributes to sustainable drainage systems

Modelling the Impacts of Rainwater Harvesting
A model was developed to evaluate the impact RWH
systems could have on both stormwater flows and
municipal water conservation (Leidl 2008). The model
uses a 60-year historical record of daily precipitation
for the City of Guelph, Ontario, provided by Schroeter
et al. (2006). The frequency of major rainfall events

* Corresponding author: khosrowf@uoguelph.ca

92

Large-Scale Rainwater Harvesting in Canada

Impact of RWH on Stormwater Management

over a 24-h duration in this data set is consistent with
predictions from IDF (intensity, duration, frequency)
curves for the Guelph area (Environment Canada
2007b). The model assumes that rainwater is collected
from a 160-m2 catchment area (roof), and stored in a
6,500-L cistern that supplies rainwater to a three-person
residence. Three end-use scenarios were modelled: the use
of rainwater for outdoor applications and toilet flushing
(141 L/household/day); for outdoor use, toilet flushing
and laundry (246 L/household/day); and the maximum
use scenario where rainwater is used for all household
uses except kitchen use (507 L/household/day). The enduse patterns assumed for this analysis correspond to a
typical water efficient home in North America (Vickers
2001), with particularly low outdoor usage. Output from
the model indicates performance parameters such as the
volume of rainwater utilized and the volume of overflow
from the system.
Results from the model were compared with the
observed performance of a RWH system installed in
Guelph, Ontario, from October 2006 to September 2007.
Daily rainfall data during this time were compared with
the average monthly rainfall data from Environment
Canada (2004) historical records (1971 to 2000) as
presented in Fig. 1.
Normal annual rainfall for the City of Guelph is 770
mm, a figure slightly lower than the 790 mm observed
during the period studied, October 2006 to September
2007. As seen in Fig. 1, observed rainfall during five
months of the study was similar to historical normals
with the exception of October, December, and January,
where larger than normal rainfall accumulations took
place, and the period from June to September, where
drought-like conditions were observed (Despins 2008).
Since precipitation patterns in the observed year were
more extreme than average, the average stormwater
mitigation and rainwater consumption can be expected
to be higher in the modelled system than in the observed
system, due to a more even distribution of precipitation
throughout the year.

It is estimated that percent impervious cover in urban
environments can range from 41% in high density
residential areas to as high as 96% in downtown
commercial settings (Bowles 2002). Of this, as much
as 70% can be attributed to roof surfaces. As such,
capturing rainwater that falls on roof surfaces can be an
important strategy for stormwater management in urban
environments. RWH has the potential to significantly
contribute to stormwater management by both reducing
the volume of water entering the storm sewer system and,
in some cases, by minimizing the peak flow generated by
the storm. The effectiveness of RWH in mitigating storm
flows depends primarily on the severity of the storm and
the end use patterns for the RWH system.
Figure 2 shows the results of modelling stormwater
flows based on rainfall intensity and rainwater demand
patterns. The rainfall data is separated into six different
categories, based on total rain height in one day. The total
volume of rainwater discharged as overflow from the
cistern is compared with the volume of runoff that would
otherwise have been discharged from the roof surface in
the absence of a RWH system. This difference in volume
is represented as percent stormwater reduction.
The first trend indicated in Fig. 2 is the wide degree
of variation in the reduction of roof runoff volumes,
ranging from 0 to 100% in many cases. This is due
primarily to varying antecedent dry periods and suggests
that RWH is most effective when used in combination
with other onsite stormwater management techniques
to provide some redundant capacity to accommodate
overflow. Coombes (2002), for example, integrated
RWH with infiltration trenches and a recharge basin as
part of a water sensitive urban design (WSUD) approach.
This resulted in zero discharge from the property and the
elimination of traditional stormwater systems.
A second obvious trend common for all end-use
scenarios is that the percent reduction in stormwater
decreases with greater rainfall levels when cisterns fill to
capacity and overflow the excess volume. However, as
indicated by the “n” values for each rainfall height, rain
events with greater than 40 mm occur only about once
per year. Considerable reduction is therefore achieved for
a large majority of rain events for each of the end-use
scenarios.
Finally, greater reductions in stormwater flows are
achieved when the end uses for rainwater are expanded,
as seen by the increasing percent reductions seen with
each of the three consecutive graphs. A larger number of
end uses allows cisterns to be drawn down more quickly
and to accommodate greater volumes of rainfall. A large
reduction in overflow volume is seen just by adding
laundry to toilet flushing and irrigation as end-use
applications. This suggests that the maximum possible
range of end uses should be promoted.
To evaluate the potential of RWH systems to mitigate
stormwater flows with these expanded end uses (laundry
and toilet flushing) under actual use conditions, a

Fig. 1. Comparison of the normal and observed monthly
rainfall accumulations for the City of Guelph during the
research project.
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domestic RWH system was installed and monitored for a
one-year period, from October 2006 to September 2007.
The RWH system was comprised of an 8,000-L cistern
which stored rain runoff from an asphalt shingle roof
with a 100-m2 catchment area. Rainwater was pumped
into the home and used for flushing toilets and laundry
in a five person household. The performance of the RWH
system was monitored using a rain gauge installed at the
site, a water level sensor and temperature sensor placed
inside the rainwater cistern, and a water meter installed
on the rainwater plumbing line. The volume of rainwater
in the cistern and the rainfall at the site during the one
year study period is provided in Fig. 3.
One of the trends immediately evident from Fig. 3 is the
variable nature of the cistern volume. This repeating cycle
is characterized by sharp inclines in the volume following
rainfall, followed by a slower decline in volume as a result
of normal demand. Throughout the monitoring period,
the cistern volume varied from a minimum volume of
1,250 L to a maximum of 7,650 L. Above the 7,650-L
threshold, the cistern overflowed into the storm sewer
connected to the property. Overflows from the cistern
were recorded on eight days throughout the one-year
monitoring period. As seen in Fig. 3, it is evident that,
like the stormwater modelling projections, the majority
of these overflows took place during days with large
amounts of rainfall, when the rainfall exceeded 35 mm.
The number of overflow events and the total losses
associated with them are summarized in Table 1.
During the study period, overflows were observed
on eight occasions and resulted in an approximate loss
of 8,000 L from the system, contributing to stormwater
runoff from the site. Comparison of these losses with
the 65,000 L of rainwater runoff that was collected and
utilized at the site indicates that the use of the RWH
system decreased the total volume of runoff from the site
by 89%. This demonstrates the significant stormwater
mitigation potential of RWH systems with an expanded
range of end-use applications.
Another important consideration with RWH systems
is their potential for capturing snowmelt during winter
months. This potential was evaluated at the household
test site during the winter of 2007. From January 14 to

(a)

(b)

(c)

Fig. 2. Reduction in roof runoff volumes from April to October for three end-use scenarios: outdoor and toilet flushing [top]; outdoor, toilet flushing, and laundry [middle]; and
max use [bottom]. Each grey box represents the first and
third quartile, and the ends of the ‘whiskers’ indicate the
minimum and maximum; “n” is the number of events for
each daily rain height range, throughout 60 years of rainfall
data (Leidl 2008).

Fig. 3. Cistern volume and rainfall of RWH demonstration
site (Despins 2008).
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February 18 the maximum daily ambient air temperature
ranged from a low of -15.4°C to a high of -0.8°C.
Throughout this period, 39 cm of snow fell and remained
on the ground because of the low temperatures. The
water equivalent of this snowfall, estimated by melting
the snow while it fell, was 43.2 mm (Environment
Canada 2007a). Evident from the negligible volume of
stored rainwater during this time (see Fig. 3) the snowfall
appears to have had a negligible impact on increasing
the volume of water stored in the cistern. However, with
warmer temperatures in late February, a portion of this
snowfall contributed to the stored water volume.
From February 19 to March 4, 2007, the daily
temperature periodically rose above 0°C, prompting
the melting of snow (snowmelt) that had accumulated
on the roof surface during this time. During this period,
a 2,560-L increase in the volume of stored water was
recorded by the sensor placed in the rainwater cistern. If
this cistern input is considered with respect to the 43.2mm water equivalent reported by Environment Canada
(2007a), about 60% of snowfall (as measured by water
equivalents) contributed to the cistern during snowmelts.
The 40% snowmelt loss factor is likely due to winds that
blow a portion of the accumulated snow from the roof
surface onto the property surrounding the home. Another
potential cause of this loss is the restriction of snowmelt
flow because of frozen water inside the gutters and
downspouts. This restriction in flow forces the snowmelt

to overflow from the guttering, reducing the total volume
of water that could be captured by the rainwater cistern.
In addition to capturing snowmelt, some rainfall
runoff was also collected during the warmer “thaw”
periods in the winter. During the coldest months
monitored, January and February, the rain gauge at the
site recorded 36 and 19 mm, respectively. Thus, these
findings show that even during periods of cold weather,
RWH systems can continue to mitigate stormwater flows
by collecting and utilizing both snowmelt and rainfall.

Impact on Water Conservation
Like stormwater management, the impact of RWH
on water conservation is greatest when the number of
end-use applications is maximized. Toilet flushing and
laundry are two low-risk, nonpotable applications,
which together comprise approximately 37% of
household demand in a conserving home (Vickers 2001).
This volume, along with any water used outdoors, can
theoretically be replaced with rainwater. In addition to
end-use patterns, however, actual water savings also
depend significantly on catchment area and tank size.
The same model used by Leidl (2008) to generate Fig.
2 was also used to produce Fig. 4, which illustrates the
impact of these three parameters on water conservation
in typical residences in Guelph, Ontario (Leidl 2008).

Fig. 4. Impact of rainwater end-use pattern on water conservation for two different catchment areas (O = outdoor; T = toilet
flushing; L = laundry. Percentage shown is of total household consumption).
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person household was 62% lower than 1,320 L/day
(264lpcd), which is the average water use of a five-person
household residing in the City of Guelph (City of Guelph
2006). If the rainwater use at this site (36lpcd) were
applied to a five person household with average water
use, 13% of municipal water would be conserved when
dry periods are included.
These statistics demonstrate that the use of
rainwater for flushing toilets and laundry could reduce
the average water demands of households from a low
of 13% to as much as 47%. Since many households in
Canada have characteristics that are similar to those of
the site studied, it is likely that this range of water savings
would be applicable to a large proportion of Canadian
homes. For homes that are significantly different from
the one studied, the water conservation potential of a
RWH system would depend upon factors such as the
amount of supply (rainfall and/or snowmelt), the size of
the catchment area, the capacity of the cistern, and the
amount and pattern of demand.

From Fig. 4, catchment area appears to be the most
important parameter affecting maximum water savings,
followed by end-use patterns. If the catchment area is
sufficiently large, a greater number of end-use applications
for RWH will result in greater water savings, as seen in the
left-hand graph for a 160-m2 catchment area (typical of
a single detached house). However, if the catchment area
is small (a typical attached townhouse), only a limited
volume of water can be captured and water savings will
only marginally increase with expanded end uses (righthand graph). Tank size is also important, but due to the
other two factors, it is quickly subject to diminishing
returns.
In Fig. 4, the maximum water savings are 40
and 23% for the 160- and 80-m2 catchment areas,
respectively. However, when designing a system, one
must consider the incremental advantage of increasing
tank size and expanding end uses, and balance that
with the associated incremental cost. A cost-effective
design for the larger catchment area may be a 6- to 8-m3
cistern serving outdoor uses, toilets, and laundry. For the
smaller catchment area, a reasonable design would be a
2- to 4-m3 cistern serving only outdoor uses and toilet
flushing. These systems would produce water savings of
approximately 34 and 17%, respectively.
When RWH is implemented on a wide scale,
significant water savings can be achieved at the municipal
scale. Leidl (2008) projected that the implementation of
the above systems in an all new residential development
in the City of Guelph (Ontario) would result in an 18%
reduction in total residential demand by 2054. This value
varies with changes in population growth rate, housing
size, and occupancy.
As previously discussed, the performance of a
domestic RWH was monitored for a one-year period. This
performance monitoring program not only provided data
regarding the stormwater reduction impacts of RWH,
but also data for evaluating the ability of RWH systems
to reduce dependence on municipal water supplies.
The performance monitoring program revealed that
a significant reduction in municipal water use could
be achieved from the use of a RWH system. The RWH
system yielded 65 m3 of water from 790 mm of rainfall
during the one-year study for a 120 m2 catchment area.
This volume of rainwater provided approximately 178
L per day (36lpcd) for toilet flushing and laundry. The
remaining household demands were met, on average,
by 389 L of mains water per day (78lpcd). Of note is
that this average rainwater demand includes the days
for which rainwater was unavailable. Examination of
rainwater use exclusively on days where rainwater was
available reveals that the daily mean rainwater demand
was higher at 272 L/day (54lpcd). This finding indicates
that if rainwater was always available, rainwater use
could have offset mains water use by as much as 47%.
It is important, however, to qualify these reductions
in mains water use as those to be expected at waterconserving homes. The mean daily water use in the five-

Identifying Barriers for Large-Scale Rainwater
Harvesting
Despite the benefits that RWH has for both stormwater
management and water conservation, several barriers
impede its further development and wide-spread
implementation. Leidl (2008) conducted a series of
stakeholder interviews to identify key barriers, from
the perspective of municipal representatives, building
professionals, and RWH product suppliers. Barriers were
identified from interview content, assigned a significance
ranking (0 = insignificant; 1 = significant; 2 = very
significant), and redistributed to the respondents for
confirmation. The significance rankings for all sixteen
respondents were then summed to indicate the overall
perceived severity of the various barriers. The results of
this work are shown in Fig. 5.
Cost was by far the most significant barrier identified
in the interviews, expressed by over 80% of respondents.
Liability was the second most significant barrier;
however, it was felt predominantly by the municipal
representatives. The third and fourth largest barriers
(limited end uses for rainwater and poor differentiation
between grey water and rainwater, respectively) were
expressed by just over half of the participants and are
both related directly to provisions in the Ontario Building
Code. While addressing the latter requires only minor
modifications to the Code, the former requires important
revisions to the Code to allow for additional end uses and
may necessitate additional specifications. Finally the last
major barrier, a lack of public awareness and acceptance,
was observed by half of the participants. They felt
public education was necessary to “grow demand” and
encourage both market and regulatory development.
Recent work by both Despins (2008) and Leidl
(2008) has aimed to address many of the barriers
identified in Fig. 5. Despins et al. (2009) conducted an
extensive water quality monitoring program for RWH
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systems to generate data that would support additional
end uses of rainwater, such as laundry. While anecdotal
evidence exists regarding rainwater quality and end uses,
there is little scientific evidence and few documented cases
from the Canadian context. These data are necessary to
facilitate public acceptance and encourage regulatory
advances for RWH and address issues associated with
liabilities. Despins also designed and installed several
demonstration sites, using the resulting experiences as a
basis for the development of a design manual and cistern
sizing model. These tools will help to clarify technical and
regulatory requirements and best practices for designers,
installers, and inspectors of RWH systems.
Although cost is perceived as a major barrier, it is
rarely investigated beyond simple payback analysis. Leidl
(2008) performed an in-depth economic analysis from
various perspectives and used an alternative approach
that allowed emerging technologies such as RWH to
be more equitably compared with conventional water
supply alternatives. This new approach, combined with
innovative incentive measures, can assist in addressing
the cost barrier. Finally, Leidl (2008) conducted a review
of the existing regulatory framework for RWH in
Ontario and other jurisdictions (Germany and Australia,
for example), and based on the outcome of the above
work regarding barrier identification, water quality,
design, and economics, provides recommendations for
policy advancement.
The following sections discuss each of these areas
of work:

Fig. 5. Summary of barriers identified by various stakeholders.

contamination similar to those found by Fujioka et al.
(1991) and Crabtree et al. (1996) were present in rainwater
harvested in Canada, a rainwater quality assessment
program was carried out. The one-year program took
place from October 2006 to October 2007, during which
time rainwater samples were collected from seven sites
(six households and one industrial site) located in and
around the City of Guelph. The majority of the sites used
rainwater to service, at the minimum, toilet flushing and
outdoor use, with two sites (Site 1 and Site 3) meeting
nearly all household water demand with rainwater.
At each of the sites, samples were collected directly
from the cistern [cistern-stored samples (CS)] as well as at
the point-of-use (POU) from a hose bib or other suitable
location downstream of any post-cistern treatment units
employed at the sites. The only exceptions to this method
were Site 5 and Site 7, where only POU samples could be
collected. In total, 360 individual samples were collected
and tested for the presence of total and fecal coliforms, as
well as a number of physicochemical parameters including
pH, turbidity and total organic carbon. Further details
regarding the sites participating in the quality assessment
program and methods used in sample collection and
analysis are provided in Despins et al. (2009).
The microbiological quality of the CS rainwater
and POU rainwater reported by Despins et al. (2009)
is provided in Fig. 6. The number of fecal coliforms
detected in the rainwater cisterns ranged from <1 (below
detection limit) to 400 CFU/100 mL. Despite this range,
the median number of fecal coliforms was <1 CFU/100
mL at each site, with the exception of Site 4, which had
a median of 2 CFU/100 mL of total coliforms. Fecal
coliforms were detected above 1 CFU/100 mL in only
52 out of 360 (14%) samples. The figure shows that the
CS rainwater at Site 4 tended to have higher levels of
coliforms than the other sites. This site, located in an older
neighbourhood of downtown Guelph, is thought to have
poorer quality due to the presence of a greater number
of mature trees on the property. The RWH systems at
the other sites tended to have been installed in newer

Water Quality Considerations
Despite the significant water conservation and stormwater
management potential for RWH, concern regarding
the real and perceived health risks associated with the
quality of harvested rainwater is a major barrier that has
impeded the adoption of large-scale RWH in Canada.
These concerns have created great resistance on the part
of regulatory authorities in development of policy or
legislation that promotes RWH implementation.
One of the greatest areas of concern with regards
to rainwater quality is microbiological contamination.
In a study of the microbiological quality of cisternstored rainwater in Kentucky, Lye (1991) detected total
coliforms in a range of 0 to 300 CFU/100 mL. Higher
figures were reported by Fujioka et al. (1991) for
rainwater systems in Hawaii. Fujioka et al. (1991) found
that the rainwater collected from the cistern contained 0
to 520 CFU/100 mL, with a mean of 103 CFU/100 mL of
fecal coliforms. A more comprehensive study by Crabtree
et al. (1996) evaluated the presence of fecal coliforms
as well as Cryptosporidium and Giardia in rainwater
samples collected from cisterns in the U.S. Virgin Islands.
The study found a range of 0 to 308 CFU/100 mL of
fecal coliforms, and detected one or both of the protozoa
in 47% of the samples collected.
To address concerns regarding rainwater quality, and
determine specifically whether levels of microbiological
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homes which had no or little overhanging tree branches
contributing plant matter and permitting animal activity
above the catchment surface.
Another important trend reported by Despins et al.
(2009) (and discernible in Fig. 6) is the improved quality
of the POU samples when compared with the samples
collected from the rainwater cistern. The degree of postcistern treatment varied from no treatment at Site 6,
treatment by storage in a residential hot water tank at
Site 3, to extensive treatment by slow sand filtration and
activated carbon at Site 1. The most prevalent method of
postcistern treatment, however, was the combination of a
20-micron particle filter and ultraviolet (UV) disinfection,
which was used at Sites 1, 2, and 4. Following these
postcistern treatment techniques, the number of samples
with >1 CFU/100 mL was reduced by 97% on average for
fecal coliforms, and 96% on average for total coliforms
(Despins et al. 2009).
On two occasions during the quality assessment
program, the microbiological analysis was expanded
to include detection of the pathogens Legionella and
Campylobacter in the CS rainwater. Despite fecal
coliforms being present in quantities as high as 79
CFU/100 mL (at Site 4) when sample collection took
place, neither pathogen was detected above 1 CFU/100
mL in the CS water. In addition to this microbiological
analysis, the levels of polycyclic aromatic hydrocarbons
(PAHs) and the metals present in the rainwater were
investigated. Several studies, such as those by Förster
(1996, 1998) and Van Metre and Mahler (2003) have
identified these quality parameters in rain runoff, and
have expressed concerns regarding the risks of rainwater
contamination from roof surfaces. The samples collected
in this study, however, showed little contamination
from the roof or other components of the RWH system,
as none of the 22 PAHs analyzed (including benzo[a]
pyrene, benzo[b]fluoranthene, benzo[j]fluoranthene,
benzo[k]fluoranthene, and indeno[1,2,3-cd]pyrene) were
detected above detection limits, and none of the 34 metals
were above the maximum acceptable concentrations
or aesthetic objectives of the Guidelines for Canadian
Drinking Water Quality (Health Canada 2007).
The absence of Legionella, Campylobacter, and
PAHs, and the minor levels of metals and fecal coliforms,
indicates that that there is minimal risk associated with the
nonpotable use of rainwater for toilet flushing, laundry,
and outdoor purposes. The significant improvement in
quality observed from the use of particle filtration and
UV disinfection suggests that, given additional postcistern
treatment, the end uses for which rainwater is utilized
could be further expanded. Because of the high quality of
rainwater, it is recommended that these expanded enduses be pursued, as the greater the amount of rainwater
use, the greater the associated municipal water savings
and reduction of stormwater flows.

Fig. 6. Levels of fecal coliforms in cistern-stored (CS) and
point of use (POU) rainwater samples. Each box represents
the bounds of the first and third quartile, the median is
marked by a horizontal line inside the box, and the ends of
the ‘whiskers’ represent the minimum and maximum.

Design Considerations
Concerns regarding the quality of rainwater also
influence the design of RWH systems, specifically with
regards to indoor plumbing in settings where a municipal
water supply is available. To prevent contamination of
the municipal water supply, many jurisdictions and
documents pertaining to the design of RWH systems
specify that an independent rainwater supply line must
be used, and physical connections (cross-connections)
between the two water supplies are prohibited unless
accompanied by an approved backflow prevention device
(DIN 2002; Standards Australia/Standards New Zealand
2005; TWDB 2005; Ontario Ministry of Municipal
Affairs and Housing 2006). In the event of insufficient
rainwater, the storage cistern must be topped up with
mains water to ensure continued operation. These mains
top-up systems often require that a backflow prevention
device (preferably in the form of a simple air gap) be
installed to prevent contact between rainwater and
municipal supply during the top-up process.
Another aspect that must be considered when
designing RWH systems, particularly in cold climates
like Ontario, is the performance of RWH systems during
periods of cold weather. RWH systems must be designed
to prevent ice from accumulating in the conveyance
network between the catchment surface and the cistern,
or in any treatment devices located prior to the cistern.
The design, and most importantly the placement, of the
rainwater cistern must also take into consideration the
risks associated with stored rainwater freezing during
periods of cold weather. To address this issue, precistern
treatment devices and rainwater cisterns should not be
located outdoors or above ground due to the risk of
freezing (unless they are drained prior to the onset of
cold weather). Instead, these should be placed below the
local frost penetration depth, or located in a temperature
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• The same discount rate and time horizon should be

controlled environment (such as a basement) to ensure
that freezing does not take place.
To improve the quality of harvested rainwater, the
design of RWH systems can incorporate precistern and/
or postcistern treatment devices to improve the quality of
rainwater. Precistern treatment devices are incorporated
as part of the conveyance network and rely upon gravity
flow to facilitate the treatment process. Alternatively,
postcistern treatment devices rely upon pressurized flow
and/or electricity to aid in the treatment process, and
thus, tend to be more rigorous than precistern treatment.
As shown in the previous section, the use of a particle
filter and UV disinfection was quite effective at improving
rainwater quality.
Another issue that must be addressed in the design
of RWH systems is the handling of overflows during
large rainfall events. Methods for handling overflow may
include onsite infiltration (above- or below-grade) as well
as discharging to an existing storm sewer infrastructure,
where allowed.

applied to both conventional and nonconventional
options. Discount rate refers to the interest rate used
to determine the present value of a future cash flow,
representing the time value of money;
• A thorough sensitivity analysis should be conducted
whereby the cost of key variables is altered to indicate
the economic performance of the systems under a range
of possible future scenarios.
When conducting an economic analysis for RWH,
the homeowner perspective and societal perspective
are most important. The homeowner analysis draws
on assumptions and expectations common for private
investment. For example, higher discount rates may
be utilized over a shorter time frame. Trends in home
mortgages are often used to determine these parameters
(Pickering et al. 2007). This perspective indicates the
cost born by the individual over a time span relative to
a single user. In the societal perspective, lower discount
rates and a longer time period are used, reflecting
broader, intergenerational interests and responsibilities.
In addition, transfer payments from one perspective to
another are not included (Mitchell et al. 2007). Examples
of such payments would be the developers’ mark-up on
capital costs or savings in municipal water tariffs from
reduced consumption of mains water. Calculations for the
homeowner perspective generally result in a much higher
cost compared with those for the societal perspective.
Distributed technologies like RWH are often
evaluated from the homeowners’ perspective, while
conventional infrastructure for municipal water supply is
usually considered from the societal perspective. Because
the underlying economic assumptions are different,
the resulting costs from these two analyses cannot
be compared. However, despite this incompatibility,
such comparisons are often made. This is largely
because distributed source substitution or conservation
technologies are considered as private infrastructure
producing only private benefit, with little recognition of
broader community implications. Further, such measures
are often not considered as an integral part of water
supply planning, but rather as an afterthought after
major decisions about water supply planning have been
made. The public benefit of such infrastructure should be
recognized, and as such, systems like RWH should first be
evaluated as public infrastructure, following the societal
perspective. Only then can these emerging technologies
be equitably compared with conventional supply-side
alternatives, and only then will the most sustainable
solutions emerge.
Leidl (2008) performed a cost-benefit analysis
for RWH, considering both the homeowner and
societal perspective. Cost estimates for various RWH
configurations were determined for the southern Ontario
context, the most cost-effective of which was a buried
concrete cistern serving outdoor use, toilets, and laundry.
The capital cost was then reduced by 30% to account for
future market development and economies of scale. The
net present value (expressed as $/m3) was determined

Economic Analysis
Water supply systems have traditionally been assessed
using conventional economic methods, namely costbenefit analysis. These methods suffice when the options
being considered are similar in form, scale, ownership, and
approach (e.g., when all of the options consist of large,
centralized infrastructure owned by a municipal utility
and aim to supply a bulk volume of water). However,
economic and environmental constraints are forcing
decision makers to consider new approaches to urban
water management, which include options for demand
management, source substitution, and varying scales of
decentralization. RWH is one technology that represents
this new approach. As these new solutions are introduced,
it is critical that they are accurately represented by the
methods of economic analysis applied, and that such
methods allow for an equitable comparison between
conventional and nonconventional alternatives.
The method of cost-benefit analysis was evaluated
for its ability to appropriately reflect the unique benefits
offered by water conservation or source substitution
alternatives (Leidl 2008). While the basic process stays
the same, certain components take on added significance
or require slight modification to ensure the equitable
comparison of conventional and nonconventional
solutions. These include the following:
• Avoided costs such as water and wastewater operational
savings and delayed infrastructure expansion should
be included;
• The unit cost ($/m3) for water supply options should be
calculated using the projected volume of water utilized
each year as opposed to the theoretical capacity of the
system;
• Due to the different forms of ownership and/or
funding mechanisms that characterize many emerging
technologies and approaches, analysis should be
conducted from several cost perspectives to best
determine how different parties are affected;
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for both the homeowner and societal perspectives, and
then compared with the societal cost of two water supply
alternatives proposed in the City of Guelph Water Supply
Master Plan (2006). The primary assumptions used in
this analysis are given in Table 2.
It was determined that, from the homeowner
perspective, a RWH system would cost approximately
$4.57/m3. The same system, when considered from
the societal perspective, would be only $1.47/m3. For
comparison, the development of new surface water
supplies was found to be $0.75/m3 for a local source
and $1.43/m3 for a regional source, calculated from the
societal perspective. It is obvious that RWH would be
immediately dismissed as cost prohibitive if only the
homeowner perspective is considered, but it becomes a
potentially viable option when it is subject to the same
economic methods as the options with which it is being
compared. These results are shown in Fig. 7.

Fig. 7. Comparison of unit cost for RWH and conventional
water supply options.

Development of Progressive Policies

management legislation goes beyond conservation and
mentions source substitution (Ontario Ministry of Public
Infrastructure Renewal 2005). No explicit mention of
RWH could be found, except for briefly in the Toronto
Wet Weather Flow Guidelines (City of Toronto 2006).
Further, conservation policies are largely couched in
broader planning documents and receive little attention
on their own. Apart from conservation, however, several
of these policy statements do encourage sustainable
stormwater management.

The promising results discussed above regarding the
quality of rainwater, emerging design best practices, and
economic feasibility are contributing to a growing interest
in RWH. As such, the practice of RWH is increasingly
demanding recognition and accommodation by
regulatory authorities. However, before considering the
need for additional regulatory measures, it is important
to first understand the existing regulatory framework for
RWH and how it developed. A recent review identified
three key components of the regulatory framework for
Ontario, all of which are equally important and mutually
reinforcing (Leidl 2008):

2) Regulatory devices are legally binding tools that allow
for enforcement. In the Ontario context, The Ontario
Building Code (OBC) is the most significant piece of
regulation and in 2006 was amended such that rainwater
could be used to flush toilets and urinals, regardless of
the availability of potable water. This makes the OBC one
of the most progressive building codes in Canada, with

1) Overarching policy provides high-level direction and
sets expectations. There are several policy references for
water conservation, at both the provincial and municipal
levels; however, only the Places to Grow provincial growth
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• Overarching Policy: Explicit, stand-alone policies are

respect to nonpotable water use. However, advocates for
RWH are urging the expansion of permissible end uses to
include washing machines and the development of more
detailed technical specifications. In general, regulatory
advances in Ontario seem piecemeal and reactionary,
with little collective strategy for advancing RWH or
similar technologies.

required for sustainable water management, including
stormwater management, conservation, and source
substitution, both at the provincial and municipal
levels;
• Regulatory Devices: RWH should be more explicitly
addressed in the Ontario Building Code. Grey water
and rainwater should be dealt with separately, and the
permissible end uses for rainwater should be expanded
to clearly include both laundry and irrigation;
• Support Mechanisms: Design guidelines should be
developed through a collaborative process and should
be endorsed by the Ministry of Municipal Affairs and
Housing (administrators of the Building Code).

3) Support mechanisms are aimed at end users and
provide the information, encouragement and incentive
that allow for widespread implementation. This may
include design manuals, education campaigns, financial
incentives, or demonstrations, etc. In 2006, the Canadian
Standards Association (CSA) produced a standard for the
installation and maintenance of nonpotable plumbing
systems. While these standards are not yet recognized
in the Building Code, their development represents the
start of positive advances in the sector. Apart from the
CSA standards, however, no sources of information or
guidance could be found for RWH in Ontario. Relevant
information seems to be the most fundamental form of
support that is missing.

Conclusions and Recommendation
RWH shows significant promise, both as a sustainable
stormwater management strategy as well as a water
conservation and source substitution approach. Although
the need for sustainable stormwater management such
as RWH is pressing, a lack of adequate capacity at the
societal, institutional, and individual levels has thus far
limited their widespread uptake. Capacity development
for RWH and other sustainable water management
practices must be undertaken systematically in Canada.
For RWH this includes development of overarching
policies and progressive regulations, availability of design
guidelines and supporting documents, and an enabling
environment (including market readiness and technical
capacity). New approaches for economic assessment of
alternative water management approaches should be
reinforced and individual capacity must be enhanced
to ensure their effective use. Furthermore, stormwater
and overall water management plans should encourage
a diversity of approaches and avoid “silver bullet”
solutions.

After reviewing the existing regulatory framework
for RWH, we must then consider the current approach
to policy development in general. The purpose of policy
is viewed differently by different stakeholders. Some feel
that minimizing liability or mitigating risk should be
the primary role, while others suggest that encouraging
innovation and enabling implementation must take
priority (Leidl 2008). Given the sustainability concerns
that mark the water sector and the uncertainty posed by
factors such as climate change, it is evident that what is
needed is the ability to adapt quickly. As change requires
risk and risk implies liability, any policy that narrowly
aims to minimize risk or liability is inherently resistant
to change and cannot be considered progressive. Policy
must therefore be designed to advance innovation and
implementation. Alternative means of risk management
must then be developed that do not detract from this end.
An excellent example of this can be found in the Gulf
Islands of British Columbia. Although the Building Code
has very little reference to RWH, systems, including those
used for potable purposes, are approved by municipal
inspectors as long as the designs are stamped by a
professional engineer (Burgess personal comm. 2008).
This alleviates municipal liability and ensures a level
of risk management, meanwhile promoting innovative
designs.
There are many policy initiatives that can be
undertaken to advance RWH, which must be tailored
to local circumstances. However, in all cases and across
all locations, the three components (overarching policy;
regulatory devices; support mechanisms) must be
considered. Further, the need to focus on innovation
and implementation remains universal. The following
measures have been suggested as priorities for the case of
Ontario (Leidl 2008):

Acknowledgments
This research has been supported in part by funds from the
Ontario Centres of Excellence (OCE) Centers for Earth
and Environmental Technologies, Canadian Mortgage
and Housing Corporation (CMHC), and the City of
Guelph as well as in-kind technical support from the City
of Guelph, Reid’s Heritage Homes, and Harvest Homes.
The project team wishes to particularly acknowledge
the contributions of Don Lewis (OCE), Cate Soroczan
(CMHC), Wayne Galliher (City of Guelph), Andrew
Oding (Reid’s Heritage Homes), and Ben Polley (Evolve
Builders Group).

References
Bowles G. 2002. Impervious Surface - an Environmental
Indicator. The Land Use Tracker. 2(1):Summer
2002.

101

Farahbakhsh et al.

Leidl C. 2008. Building capacity for rainwater harvesting
in Ontario: policy and economic considerations.
M.Sc. Thesis. University of Guelph, Ontario.
Lye DJ. 1991. Microbial levels of cistern system:
acceptable or unacceptable. In Proceedings of 5th
International Conference on Rain Water Cistern
Systems. Keelung, Taiwan.
Mitchell C, Fane S, Willetts J, Plant R, Kazaglis A. 2007.
Costing for sustainable outcomes in urban water
systems: a guidebook. Institute for Sustainable
Futures and the Cooperative Research Centre for
Water Quality and Treatment. Salisbury, Australia.
Ontario Ministry of Municipal Affairs and Housing.
2006. 2006 Building Code. Government of Ontario,
Queen’s Printer for Ontario, Toronto, ON.
Pickering P, Mikkelsen J, Marsden J. 2007. The
cost-effectiveness of rainwater tanks in urban
Australia. Prepared by Marsden Jacob Associates
for the Australian Government, National Water
Commission.
Schroeter HO, Boyd DK, Whitely HR. 2006. Filling
Gaps in Meteorological Data Sets Used for Longterm Watershed Modelling. Conservation Ontario,
Government of Ontario, Toronto.
Standards Australia/Standards New Zealand. 2005.
Australian/New Zealand Standard Plumbing
and Drainage Part 1: Water Services (AS/NZS
3500.1:2003).
Standards
Australia/Standards
New Zealand, Sydney, Australia, Wellington, New
Zealand.
Texas Water Development Board (TWDB). 2005. The
Texas guide to rainwater harvesting, 3rd ed. Texas
Water Development Board, Austin, TX.
Van Metre PC, Mahler BJ. 2003. The contribution of
particles washed from rooftops to contaminant
loading to urban streams. Chemosphere 52(10):1727–
1741.
Vickers A. 2001. Handbook of water use and conservation:
homes, landscapes, industries, businesses, farms.
WaterPlow Press., Amherst, MA. U.S.A.

City of Guelph. 2006. Water Supply Master Plan. Draft
document. Corporation of the City of Guelph,
Guelph, ON.
City of Toronto. 2006. Wet weather flow management
guidelines. Toronto Water. November, 2006.
Coombes P. 2002. Rainwater tanks revisited: new
opportunities for urban water cycle management.
Ph.D. Thesis. University of Newcastle, Australia.
Crabtree KD, Ruskin RH, Shaw SB, Rose JB. 1996. The
detection of Cryptosporidium oocysts and Giardia
cysts in cistern water in the U.S. Virgin Islands. Wat.
Res. 30(1):208–216.
Despins C. 2009. Building capacity for rainwater
harvesting in Ontario: Rainwater quality and
performance of RWH systems. M.Sc. Thesis.
University of Guelph, Ontario.
Despins C, Farahbakhsh K, Leidl C. 2008. Assessment of
rainwater quality from rainwater harvesting systems
in Ontario, Canada. J. Water Supply Res. Tech.
58(2):117–134.
Deutsches Institut für Normung e.V. (DIN). 2002.
DIN 1989-1:2001-10, Translation of DIN 1989
Rainwater Harvesting Systems - Part 1: Planning,
Installation,
Operation
and
Maintenance.
Fachvereinigung Betriebs- und Regenwassernutzung
e.V, fbr, Darmstadt, Germany.
Environment Canada. 2004. Canadian climate normals
from 1971 to 2000 for the City of Guelph., available
on-line at: http://www.climate.weatheroffice.ec.gc.ca/
climate_normals/index_e.html. [Accessed December
11, 2007].
Environment Canada. 2007a. Canadian climate
database. Available on-line at: http://www.climate.
weatheroffice.ec.gc.ca/climateData/canada_e.html
[Accessed December 11 2007].
Environment Canada. 2007b. IDF Files. Available online at: ftp://arcdm20.tor.ec.gc.ca/pub/dist/IDF/
[Accessed October 26, 2008].
Förster J. 1996. Patterns of roof runoff contamination
and their potential implications on practice and
regulation of treatment and local infiltration. Wat.
Sci. Tech. 33(6):39–48.
Förster J. 1998. The influence of location and season
on the concentrations of macroions and organic
trace pollutants in roof runoff. Wat. Sci. Technol.
38(10):83–90.
Fujioka RS, Inserra SG, Chinn, RD. 1991. The bacterial
content of cistern water in Hawaii. In Proceedings of
5th International Conference on Rain Water Cistern
Systems. Keelung, Taiwan.
Ontario Ministry of Public Infrastructure Renewal.
2005. Proposed Growth Plan for Greater Golden
Horseshoe. Government of Ontario.
Health Canada. 2007. Guidelines for Canadian Drinking
Water Quality: Summary Table. Water Quality
and Health Bureau, Healthy Environments and
Consumer Safety Branch, Health Canada, Ottawa,
Ontario.

Received: 30 June 2008; accepted: 10 November 2008.

102

