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RAINWATER HARVESTING IN THE 21ST CENTURY – AN 
AUSTRALIAN PERSPECTIVE 
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ABSTRACT 
 
Increasing demand for clean water and its limited resources demand more efficient 
water supply systems using our water sources in radically new combinations, guided 
by big data and high end computing analysis. 
  
ICID has formed a new working group called the ICID Rainwater Harvesting Working 
Group with a mandate to promote rainwater harvesting based on a set of principles, 
research and good design practice.  
 
Active rainwater harvesting stores rainwater collected from a roof in a tank for later 
use, and passive rainwater harvesting uses the landscape itself to capture, store and 
make water available. (American Rainwater Catchment Systems Association, 2015 
1st Edition). 
 
Passive rainwater harvesting provides an important source of natural irrigation for 
agriculture. 
 
Australia provides an important case study with one in four houses using rainwater 
havesting in a country where water sources are limited. Nationally awarded research 
methodologies knowns as the systems framework provide big data analysis to 
recognise the cumulative importance of widespread changes at the lot 
scale.Rainwater harvesting occurs at the local scale of an individual roof or piece of 
land. Changes at this micro scale are efficient and have non-linear cumulative 
benefits at the city and regional scale.  
 
Rainwater is arguably the most accessible and sustainable source of water in the 
world. Rainwater falls on the roof of the building where it is used, so everyone has 
access to rainwater without expensive transport costs. A roof is a non-trafficable 
surface so there are few opportunities for contamination. Rainwater is simple to 
manage and treat at low cost. Rainwater Harvesting is most efficient as part of an 
integrated water management approach with multiple water sources for seasonal 
water security. 
 
The author celebrates the seminal work of Professor PJ Coombes in this field. 
 
1.  INTRODUCTION 
 
The International Committee of Irrigation and Drainage (ICID) has established a 
Working Group on Rain Water Harvesting (WG-RWH). This paper is the first 
publication from the working group and seeks to explore some of the benefits of 
modern rainwater harvesting.  
 
Australia provides an important case study for rainwater harvesting with implications 
for international water management. Rainwater Harvesting is used for all household 
uses outside urban areas and in urban areas is widely used for non-drinking water 
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purposes. Rainwater Harvesting is widespread in Australia with a good range of 
supporting technologies. 
 
A crucial element of the Australian analysis of rainwater harvesting has been utilising 
the Systems Framework (Barry & Coombes, 2018). This modelling methodology is 
based on very high spatial, temporal and climate data resolution, providing ‘big data’ 
analysis that reveals the benefits of distributed, integrated, small scale solutions with 
a non linear cumulative benefit at all higher scales. 
 
In order to understand, implement and make full benefit of rainwater harvesting it is 
important to understand rainwater harvesting on a building as a system and that all 
elements of the system are important. Rainwater Harvesting Australia supports 
aRainwater Harvesting Residential Design Specification which is based on more than 
20 years of research in urban rainwater harvesting and notes the document has been 
referenced in publications by Engineers Australia. (Urban Water Cycle Solutions & 
Rainwater Harvesting Association of Australia, 2017) 
 
The Systems Framework analysis also shows that rainwater harvesting at a local 
scale has a profound impact on stormwater management at the metropolitan level, 
reducing the volume, peak flow and contaminant levels in stormwater.  
 
The Australian federal health guidelines state that the health risks of using rainwater 
from a well designed and maintained rainwater harvesting system are low. Despite 
this the health impacts of rainwater are contested with a number of authors identifying 
that there are potential disease vectors in rainwater and raising the possibility that 
users could become ill.  
 
2. THE ICID RAINWATER HARVESTING WORKING GROUP AND THE UN 

SUSTAINABLE DEVELOPMENT GOAL 
 
The International Committee of Irrigation and Drainage (ICID) has established a 
Working Group on Rain Water Harvesting (WG-RWH) with the following mandate 
(Pandya 2018) 
 

• Promote rainwater harvesting as a natural, local and efficient source of water 
in accordance with the key principles of Rainwater Harvesting 

• Conduct research and provide advice froma  range of disciplines: rainwater 
harvesting, irrigation and agricultural practices including water management, 
land use planning, policy environments and stormwater management 

• Provide Rainwater Harvesting Codes of Practice suitable for urban and 
agricultural water use 

 
This paper is the first publication from the working group and seeks to explore some 
of the benefits of modern rainwater harvesting.  
 
According to the UN Sustainable Development Goal No 6 we need to ensure 
availability and sustainable management of water and sanitation for all. Too many 
people still lack access to safely managed water supplies and sanitation facilities. 
Water scarcity, flooding and lack of proper wastewater management also hinder 
social and economic development. Increasing water efficiency and improving water 
management are critical to balancing the competing and growing water demands 
from various sectors and users.Some estimates are that with our growing population 
and changing climate we will need 40% more water world wide by 2030 (UNESCO, 
2016). Not only will we need to find this water we will need to deliver it to where it is 
needed.  
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Rainwater is arguably the most accessible and sustainable source of water in the 
world. Rainwater falls on the roof of the building where it is used, so everyone has 
access to rainwater without expensive transport costs. A roof is a non-trafficable 
surface so there are few opportunities for contamination. Rainwater is simple to 
manage and treat at low cost. Rainwater Harvesting is most efficient as part of an 
integrated water management approach with multiple water sources for seasonal 
water security. 
 
3.  PASSIVE RAINWATER HARVESTING AND NATURAL IRRIGATION  
 
Active rainwater harvesting stores rainwater collected from a roof in a tank for later 
use, and passive rainwater harvesting uses the landscape itself to capture, store and 
make water available. (American Rainwater Catchment Systems Association, 2015 
1st Edition). 
 
Passive rainwater harvesting provides an important source of natural irrigation for 
agriculture. 
 
“Passive water harvesting is the practice of intercepting and storing precipitation 
directly in the soil rather than passing it through a storage tank first.”(Downey, 2015, 
1st Edition) This deceptively simple advice reinforces the natural processes that 
underly successful and productive ecosystems. Modern irrigation is focussed on 
providing the right amount of water at the right time to maximise growing conditions, 
however agriculture is a system and landscape, hydrology and soil are vital 
components for successful irrigation. Holding water in the landscape allows greater 
infiltration into the soil and builds up long term groundwater which can be accessed 
through the bacteria and funghi in healthy soil to provide water and nutrients to plants.  
 
Downey proposes a useful three part axiom for designing and building passive 
structures to harvest rainwater. Slowing the flow makes runoff more manageable and 
less erosive. Flowing, or directing, water towards a desired location provides filtering 
and infiltration opportunities. Growing means guiding water to the root zones of 
plants. This does not mean stopping every drop of water, passive systems harvest 
manageable flows of water while allowing intense flows to pass safely through. 
Slowing, Flowing and Growing can be achieved with basins, berms, raingardens and 
swales.  (Downey, 2015, 1st Edition) 
 
Charles Massy provides an extensive discussion on sophisticated approaches to 
storing rainfall events in the arid drought-flood conditions of Australia, including the 
Yeomans keyline system and Andrews Natural Sequence farming for holding and 
transporting water naturally through the landscape. Massey goes on to describe the 
self organising capacity of complex water systems to move towards greater 
complexity and thus greater stability and resilience. (Massy, 2017). There is a marked 
contrast between the human desire for simplification and reductionism and the 
behaviour of complex natural systems. 
 
We are only at the very beginning of understanding the complexity of the microbiology 
of soil. Massy quotes soil scientist Glen Morris that by adding one percent more soil 
organic carbon to the top 30 cm of soil and thus nurturing spongy healthy soils 
farmers can store an additional 144,000 litres per hectare of land. (Massy, 2017) 
 
The practice of passive rainwater harvesting may be an important element of future 
agriculture enjoying a closer relationship with natural systems as well as irrigation and 
a more balanced approach to water, landscape, hydrology and soil. 
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4.  URBAN RAINWATER HARVESTING IN AUSTRALIA 
 
Rainwater is a traditional source of water in Australia where access to overland flows 
and good quality groundwater is often limited. Most of rural Australia still relies on 
rainwater harvesting for all household uses.  

 
According to the Australian Bureau of Statistics one in four houses in Australia has a 
rainwater tank (ABS 2013). Rainwater provides 9% of residential water use and 
outside of urban areas rainwater harvesting provides about 70% of all residential 
uses. (ABS 2014). 
 
Most urban rainwater harvesting in Australia uses a combination of water efficient 
technology, rainwater harvesting and a dual rainwater/mains water supply. Water 
efficient technologies are important for all water use as they reduce demand and 
therefore reduce the need for infrastructure and resources across the whole water 
system. The concept of a dual supply system is important as it is more efficient to use 
rainwater from a relatively small tank first, and rely on the utility water for water 
security than to rely entirely on rainwater storage.  
 
Based on a combination of water efficient technologies and rainwater harvesting in a 
dual supply new research, discussed below, has identified that a 50% reduction in 
potable water use isquite achievable andmore economically efficient than relying 
entirely on utility water systems.Reducing utility water use by 50% significantly 
reduces the need for and cost of centralised water infrastructure(Coombes, Smit, & 
Macdonald, 2016).Figure 1 shows the annual water savings for Australian capital 
cities over time. Sydney has a water efficiency performance target for all buildings 
implementing water efficient appliances and rainwater harvesting called BASIX. 
BASIX was implemented in 2004 and has had a strong cumulative effect on demand. 
In 2017 the savings achieved in Sydney, which has a population of 4.6Mis over 90 
gigalitres per annum in 2016. This is equivalent to the annual capacity of the Sydney 
desalination plant and more than 10% of Sydneys annual water use of nearly 600 
gigalitres. (Coombes, Barry, & Smit, 2018) 
 
 

 
Figure 1: Annual water savings from water efficient appliances and rainwater harvesting in 

Australian cities (Coombes, Barry, & Smit, 2018) 

Most urban areas continue to enjoy rainfall even in a drought, however, rainwater 
harvesting continues to provide water long after natural catchments become too dry 
for stream runoff . Figure 3 shows that if annual rainfall drops below around 500mm 
per year there may be very little runoff, depending on the intensity of the rainevent. 
This is because the catchment will dry out in warm dry conditions and considerable 
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rainfall may be required before the soil is wet enough to generate runoff or 
groundwater flows. In contrast a roof is an impermeable surface and will generate 
runoff from quite small rainfall events of 2-3mm. This advantage is exacerbated by 
the effects of climate change. (Coombes & Barry, 2008) 
 

 

Figure 2 Runoff and Rainfall from urban catchments and rural catchments (Coombes & Barry, The 
relative efficiency of water supply catchments and rainwater tanks in cities subject to variable climate 
and the potential for climate change, 2008) 

5.  SYSTEMS FRAMEWORK METHODOLOGY 
 
A crucial element of the Australian analysis of rainwater harvesting has been utilising 
the Systems Framework established by Prof PJ Coombes (Barry & Coombes, 2018). 
This workhas recently been recognised as the leading water resource research in 
Australia by Engineers Australia. This modelling methodology is based on very high 
spatial, temporal and climate data resolution, providing ‘big data’ analysis that reveals 
the benefits of distributed, integrated, small scale solutions with a non linear 
cumulative benefit at higher scales. 
 
Rainwater Harvesting is a distributed solution. It provides services at source at many 
geographical locations in a network, rather than from central infrastructure sources, 
such as a reservoir. This provides greater security for the system in that water is 
required to travel less distance and if some of the sources are not available other 
sources can still supply the network(Coombes, Smit, & Macdonald, 2016).  
 
Rainwater Harvesting is also an integrated solution in that it provides multiple benefits 
to the urban system. Rainwater harvesting reduces utility water use and therefore the 
need for utility storage and infrastructure and also has a benefits for urban 
stormwater. Utilising technologies and infrastructure that has multiple benefits has 
inherent efficiencies in the water system(Coombes, Smit, & Macdonald, 2016).  
 
Distributed solutions empower communities. Australia and many parts of the world 
are experiencing explosive growth in solar panels providing local electricity supplies 
on 20% of all homes. These local sources of power are installed and managed by 
local members of the community. In the event of large scale changes such as an 
increase in power prices or power failures these local communities are more resilient 
and have more choices about how to respond. Rainwater harvesting is a similar 
example, roofs collect rainwater which is stored in rainwater tanks that have a similar 
function to a battery for electricity. Providing local communities with choices and 
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options about how they manage essential resources such as power and water 
empowers those communities to be more resilient in the face of challenges and 
potentially more self reliant socially.  
 
6. RAINWATER HARVESTING DESIGN, MATERIALS AND NEW 

TECHNOLOGIES 
 
In order to understand, implement and make full benefit of rainwater harvesting it is 
important to understand rainwater harvesting on a building as a system and that all 
elements of the system are important. Rainwater Harvesting Australia supports a 
Rainwater Harvesting Residential Design Specification which is based on more than 
20 years of research in urban rainwater harvesting and notes the document has been 
referenced in publications by Engineers Australia. (Urban Water Cycle Solutions & 
Rainwater Harvesting Association of Australia, 2017)  
 
Australia has been fortunate that key elements of the system, such as roofing 
materials, lend themselves to rainwater harvesting. The system includes the roof, 
gutters, downpipes, pretank treatment of rainwater through filtration and first flush 
diversion, the tank, a pump, bypass technologies for water security and potentially 
additional filtration depending on the final use.  
 
The ability to provide a system solution for rainwater harvesting may explain why 
rainwater harvesting has been so successful in Australia and is a challenge for other 
countries. A relatively simple issue such as roofing materials that will not contaminate 
the rainwater, such as roofing tiles rather than bitumenised surfaces, is very 
important.In Australia corrugated steel roofing is very popular and is well suited to 
rainwater harvesting. 
 
Including a leaf diverter on each downpipe from the gutter has proved to be a very 
successful design feature in Australia. This feature reduces the need to keep the 
gutters clean and prevents most organic matter from causing problems in the piping, 
tank and pump.  
 
The rainwater storage tank has an interesting role in the design. Long considered to 
be simply a form of storage Australian research has identified an important biological 
natural treatment train within the tank with a natural biofilm on the tank walls helping 
to neutralise potentially disease causing bacteria and sludge at the bottom of the tank 
capturing heavy metal contaminants. For this reason it is important for the operation 
of the system not to disturb the tank biofilm and tank sludge too often(Spinks, 2007).  
 
The Australian rainwater harvesting industry experienced considerable technical 
innovation during the Australian millennium drought and developed a number of 
products that automatically switch water supply from rainwater to utility water supply 
when rainwater tank levels are low or there is a power failure to the water pump. This 
has been linked to other technologies such as pressure limiting valves to reduce 
excessive mains pressure and high quality carbon filters for drinking quality rainwater. 
There are also a series of Australian standards that guide product development for 
rainwater quality.  
 
7. RAINWATER HEALTH EFFECTS  
 
The Australian federal health guidelines state that in most areas of Australia the risk 
of illness arising from consuming rainwater is low, provided it appears clean and is 
from a well maintained rainwater harvesting system (Enhealth, 2011). Despite this the 
health impacts of rainwater are contested with some authors identifying that there are 
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potential disease vectors in rainwater and raising the possibility that users could 
become ill. This in turn is countered with research showing that the natural processes 
within a rainwater tank create a natural treatment train of biofilm and sludge which act 
to neutralise disease vectors and contaminants(Spinks, 2007).  
 
While the issue is contested it is generally recognised that millions of Australians 
drink rainwater every day and there is no evidence of widespread negative health 
impacts. The position statement from Rainwater Harvesting Australiais that rainwater 
harvesting has significant benefits without the need for drinkingand supports the 
federal health guideline that if treated utility water is available it should be used in 
preference to rainwater for drinking as it is subject to a regular testing regime.  
 
8. CONCLUSION 
 
The population of the earth continues to grow and the behaviour of climate and 
rainfall becomes increasingly uncertain while many areas are already experiencing 
water stress. Additional sources of water are required and will need to be delivered 
cheaply and efficiently.  
 
Rainwater is arguably the most accessible and sustainable source of water in the 
world. Rainwater falls on the roof of the building where it is used, so everyone has 
access to rainwater without expensive transport costs. A roof is a non-trafficable 
surface so there are few opportunities for contamination. Rainwater is simple to 
manage and treat at low cost. Rainwater Harvesting is most efficient as part of an 
integrated water management approach with multiple water sources for seasonal 
water security. 
 
Passive rainwater harvesting has important implications for natural irrigation. Active 
rainwater harvesting is an important tool for urban areas with the potential to reduce 
utility water use by 50%and therefore significantly reduce the need for and cost of 
centralised water infrastructure. The true potential of rainwater harvesting has been 
limited by a reliance on industrialised technologies and modelling methodologies that 
have not grasped the opportunities at the local scale. Design guidance based on real 
world research and new technologies will assist in realising the benefits of rainwater 
harvesting.  
 
Rainwater Harvesting is likely to be a major water policy issue in the 21st Century.  
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