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Purpose

We set out to demonstrate that smart loT
Irrigation and misting systems can contribute to
cooler and greener residential environments.

We believe that cooler surrounds leads to lower

housing energy costs, healthier people, and happier
communities.

Leveraging the SEW OneBox® control system and
using the SEW house at Aquarevo, and our

partnerships with UoM and WSCA we set out to see
what was possible......
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Cooling with Smart Irrigation - the concepft st @

AN Humidity \ Temperature _ o o
* Replenish soil moisture by irrigation

and/or rainfall

‘; ‘}‘ ‘; Irrigation ‘;‘ ‘}‘ ‘}‘ Rainfall ‘}‘ ‘}‘ ‘;‘ . Based on real-time sensor feedback
‘ and rainfall forecast information.

Evaporation Evaporation

Evaporation provides the air
moisture conditions to maximise
cooling opportunities
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Irrigation for cooling green spaces is different

Irrigation for plant health:
1. Irrigate by night
2. Maximise water use efficiency
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Irrigation for cooling green spaces is different

Irrigation for plant health: Irrigation for cooling green spaces:
1. Irrigate by night 1. Irrigate by day/night
2. Maximise water use efficiency 2. Maximise evaporation and transpiration

J

<= Rainwater/
recycled
water

<= Potable water

Pui Kwan Cheung, Kerry Nice, Stephen Livesley, Irrigating urban greenspace for cooling benefits: the mechanisms and management considerations, Environmental Research:
Climate, 2022.
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Irrigation cooling experiment at Burnley Campus

Hypothesis

Multiple daytime irrigation can provide a stronger cooling benefit for turfed backyards without using more water.

Irrigation treatments

1.

2.

Reference: Unirrigated
Single night-time: Irrigated 4 mm at 01:00-01:23am = 4 mm/day |

Single daytime: Irrigated 4 mm at 13:00-13:23pm = 4 mm/day Same amount of water delivered at

Multipledaytime: Irrigated 1 mm at 12:00-12:05, 13:24-13:29, different times of the day

14:00-14:05, 15:00-15:05pm = 4 mm/day
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Irrigation cooling experiment at Burnley

THE UNIVERSITY OF
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Irrigation method
1. Hunter MP1000-360 X 1 at the centre,
Hunter MP1000-90 X 4 at the corners

2. Operating pressure = 280 kPa

Microclimate measurements
1. Air temperature (1.1 m)
2. Turf surface temperature

3. Human thermal comfort (1.1 m)
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Irrigation cooling experiment at Burnley - Results

x-axis = time of day

y-axis = air temperature of irrigated turf — air temperature of unirrigated turf

= 28°C — 29°C (example)

= —1°C (=irrigation has a cooling effect, example)

Single night-time:
Irrigated 4 mm at
01:00-01:23am

Single daytime:
Irrigated 4 mm at
13:00-13:23pm

Multiple daytime:
Irrigated 1 mm at 12:00-12:05, 13:24-13:29,
14:00-14:05, 15:00-15:05pm
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Pui Kwan CHEUNG, Irrigating urban green space as a cooling strategy — impacts on surface energy balance and microclimate, PhD thesis, 2023.




Irrigation cooling experiment at Burnley - Results

Air temperature

1. Some cooling effects in the morning.

2. Afternoon cooling effects were significant.

3. Afternoon cooling effect of multiple daytime irrigation (D4), —0.93°C, was significantly stronger.
» Smarter irrigation schedule can provide stronger cooling benefits without using more water.

Single night-time: Single daytime: Multiple daytime:
Irrigated 4 mm at Irrigated 4 mm at Irrigated 1 mm at 12:00-12:05, 13:24-
? 01:00-01:23am 13:00-13:23pm 13:29, 14:00-14:05, 15:00-15:05pm
~ =4 mm/day = 4 mm/dayv = 4 mm/day
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Pui Kwan CHEUNG, Irrigating urban green space as a cooling strategy— impacts on surface energy balance and microclimate, PhD thesis, 2023.



Warming can be seen as soil moisture dries out in the
unirrigated plot
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Impacts of irrigation on dayvtime | 10:00-16:00) means. hfferences between
imigated plots and unirrigated control plot across 6 wecks,

Pui Kwan Cheung, CY. Jim, Migel Tapper, Kemmy A Nice, Siephen J. Livesley, Dayime imigation leads o

significanthy cooler private badkyards insummer, Urban Cimate, 2022,

Cooling levels plateau when reaching reference
evaportranspiration, ~4 mm/day in Melbourne
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Pui Kwan Cheung, Maika Meili, Kerry A Mice, Stephen J. Liveslay, ldentifying the optimalirngation
amaount for cooling urban gresn spaces in summear, Urban Climate [Under review)



Tree shade vs irrigation

Tree shade Irrigation (1 mm X 4 =4 mm/day )

Cooling effect on air

temperature -1.5t0 -0.7
in the afternoon (°C)

Sanusi, R. et al. (2017). Microclimate benefits that different
street tree species provide to sidewalk pedestrians relate to
differences in Plant Area Index. Landscape and Urban
Planning, 157, 502-511.



Afternoon mean air temperature reduction (°C)
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The predicted afternoon (12:00-15:59) mean air temperature reductions from irrigating urban green spaces during the three most
recentheatwavesin Melbournein (a) 2009, (b) 2013 and (c) 2014.
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Warmer conditions (i.e. more available energy) means greater amount of water can be evaporated and
iIncrease the amounts of cooling

Pui Kwan CHEUNG, Irrigating urban green space as a cooling strategy — impacts on surface energy balance and microclimate, PhD thesis, 2023.
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Replicating the conditions at Aquarevo House

Moderate correlation
(0.35) between
Ambient humidity and
Soil Moisture — Irrigation
Increasing humidity

High correlation (-0.72)
between Ambient
temperature and Ambient
Humidity — Irrigation
reducing temperature
Low correlation between

Ambient Temperature
and Soil Moisture

SM1 (%)
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20 1
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Correlations Between Emvironmental
Parameters at Aquarevo House Node 0
(9am to 5pm)

Node O is in the fenced backyard area
where wind is less likely to blow away the
cooling plume

Node 1 show similar correlations



Impact of Not Having a Turf: Node 0 vs Node 12

* Node 12 isin the gravel area and node 0 in the lawn
area, both within 10m distance

» Both nodes have the sun directly above them between
1pm and 4pm

* Node 12 with no turf almost always has a greater
ambient temperature compared to Node O

Aquarevo House
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Guidance

Practice Guide -
Cooling (Lot scale)

Using water to cool residential
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This practice guide showcases good design
for cooling outdoor living spaces using water,
plants and architecture. The guide was
developed by South East Water, University
of Melbourne, Water Sensitive Cities
Australia, NMBW Architecture and Coolth
Inc.

Our aim is to raise awareness of cooling
using water, providing both public health and
environmental sustainability benefits. This
guide focuses on the places where these
cooling benefits are needed most: outdoor
areas around our homes. It introduces
evidence-based cooling principles and
outlines practical ways to achieve good
design.

https://wscaustralia.org.au/publications
https://wscaustralia.org.au/wp-content/uploads/2023/09/Cooling-guide-230927 .pdf



Synthesis of urban cooling research to enable cooling at the lot scale
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Frgure 2. Cool gardens coming water, plants and architectura
to creata comiortable outdoor areas. This figure shows realistic
maan daily temparature reductions on a hot day in Melbourne.
Instantanaous raductions can ba even greater.



Cool Suburbs Framework

o=
'TURN DOWN
THE HEAT

Caol Suburbs i3 & heatl resdience rating and assessmeant b

3 for weban planning and develapmeant.

Wisit eoalsuburbs.com.au for more informaticn

R
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. he need for the Cool Suburbs Teal was identified as a priarity action under the Tum Down the Heat
Sirategy and NE). The Turn Down the Heat Strategy was developed by 55 organisations

across greater Sydrey to create cooler, mare resilisnt communities

Cool Suburbs 15 also a Aagship action under the Reciiient Syc

v Strategy (2018)
The Cocl &

o
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project i a collaboration between WESROC, Besilient Sy

ney Commission

and the Greater

Cool Suburbs has been developed by Edge Environment in collaboration with the CRC for Water Sensitive
Cities, Hydrokogy and Risk Consulting (HARCY and Kinesis. The project was supported by an expert science

panel, consisting of: Menash University, Melbourme University, University of MSW, Western Sydney University
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Selecting the most suitable plants for cooling

Ground Cower
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Design typologies for cooling at the lot scale

A cool backyard

We uge our backyards in msny diferant ways: gardens, A eool -:Durt'g'El.rd

grosing food, chidren's play arsas and outdoor kitchens,

Ackding cooling might be a matter of enfancing an axistng Thie cool courtyard & desigrad s bath an outdoor Oither araas around the housa can be usaed for food gerdans
garden area &0 it can be usad on hot days. For example, entertaining area and a frarstion ares connecting to the In planter Doxes o 1o locate rairwater tenke 1o enharce
adding a mistng system and a ammaock 1o & pengola rmultipurposa garage |[blue dashead ine in Figure B) and sustainable hing, prosdding & sustainable water supphy
creates a relaxed outdoor living area for summer. tre internal Ising areas jred dashed ineg). This maxmizes for imigation aystems. Miting syatems shoud always be

I mrearty backyards, & shade tree s the central coaling the avallable bang area on hot days, emodng the nead 1o connected 1o the household mane water supply, for heakh
featura, You can use water systems o help the tee grow escape the heat indoars. TEAE0NE.

quscky, stay heathy and proside evapotranspiraton for
coaling. The cool aea can be extanded by adding smart
imigation systems to imgate the lawn surmoundng the tree.

The design uses sufebk shade trees slong the boundany
of In pote and planters, and overhead stnuctures 1o creats
ehade. Surfacs areas &re broken up with & mix of garden

It a tree i not an opton fe.q. Figure 7), & cool hackyard beds to minmise hard surfaces that absorb heat. Gresn

as0a can o crealed by accing RaiLIEs SUch a8 B, walls and misting syesems complament the cooling effect.
srbour, grean walls or wall-watered garden beds. Thasa

features can cormplement overnesd rmisting systers added . I P
1 en existing cutdoor enteranment area, along with wel- / S R -
rigated gardens to ool the suwrrounding ground surface. | I@'—

Trese coolng features make the ererainment area mone l‘-»_f"'l '
enjoyabke on hot days, and help shield the walks of the Wﬁt : E
house fram the sun's radiant heat. ;fﬁ |
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Figura B, Cool courtyard typalogy

P

Figure 7. Caol backyard {ypology



Practical designs for cooling at the lot scale suissemriemmsmee - o o s

examples. Each exarnple: * highlights the cppartunities 1o connect these coal gardan
s shows a cool ganden designed for a different location spaces with Iving spaces inside the housa 1o ncrease
on & block, based on & typical housa design found in the comiortabie hing ereas avalable on hot days.
new suburben developments, folowing step 1 in this
e
Type of outdoor spaces based on orientation Relstionship building between spaces
Frent pard Your pubdaoe s2ate complarants @ nbarnal living
space, whalter it b Fe diisg, living/losnge, kfchan
r = & conbination fhay work Fogithir it usisos
Backyard L=
Garages pare than a sherage space
Courtpard

Garage has direc? access fo the shrael, which
gresents a signdizant spgectunity for an affigent
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Framework for designing precinct scale cooling strategies
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COOL STREETS

Example: How to best
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Irrigation amounts and cooling magmtudes
ST - —  Warming can be seen when soil moisture dries out (left).
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