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The paper presents a blueprint of a simulation model and structures the 
processing of information that sensors in real life would provide to improve the 
efficiency of the cooling system and increase the thermal comfort of occupants in 
an outdoor environment. It outlines an evidence-based technique for evaluating 
perceived benefits that would arise from the introduction of Wireless Sensor 
Networks (WSNs) and Computational Techniques (CTs) to evaporative cooling 
systems. The initial results indicate how data that would be gathered by sensory 
devices on occupancy and microclimatic conditions can be employed for the 
prediction and optimisation of the system to narrow the time gap between peak 
usage and nozzle activation to minimise resource use and maximise occupants' 
comfort. The larger objective of the study is to help mitigate the effects of rising 
temperatures in urban environments and support the future use of outdoor public 
spaces. In the longer run, the study aims to explore the role of computationally 
enhanced microclimate control at a large scale, integral to innovative approaches 
to outdoor public spaces design.
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INTRODUCTION
On warm days, parks are often regarded as the most
pleasant city areas because of the water evaporat-
ing fromplants‘ leaves and cools down the surround-
ing air. Much like in nature, known evaporative cool-
ing solutions remove heat from the atmosphere by
emitting water droplets that change phase from liq-
uid to vapour and reduce the air temperature in the
process. However, human-made ambient cooling
solutions are not sufficiently developed to impact
a microclimate at the plants’ level. By drawing on
a natural process of transpiration, the research re-

ported aims to contribute to the improved efficiency
of a known evaporative cooling system and become
available to help improve thermal comfort in out-
door areas, using Computational Techniques (CTs)
and Wireless Sensor Networks (WSNs).

This paper outlines the research as follows. An
introduction to outdoor ambient cooling systems is
followed by a literature review focusing on recent ef-
forts employing CTs and WSNs to study the interac-
tion between human behaviour, microclimate, and
the built environment. A brief examination of chal-
lenges and opportunities follows the research aims
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are formulated. The study explores what informa-
tion can be acquired on human behaviour and the
built environment and how it can be processed to
reduce cooling systems’ water consumption and in-
crease occupants’ thermal comfort. To that end, re-
search objectives are addressed by the formulation
of the simulation modelling technique to examine
potential improvements to an existing evaporative
cooling solution (redacted for anonymity) leveraged
by the employment of sensing devices and compu-
tation. In the results section, the paper presents how
the computational system can use data that would
be generated through occupancy detection and mi-
croclimatic monitoring to control the nozzles’ emit-
tingwater vapour. The initial results indicate how the
system’s ability to learn from the environment can be
used to optimize its operation and develop a predic-
tive capacity. Andwhy computational techniques for
prediction and optimisation could be utilized to nar-
row the time gap between peak usage and systems’
activation tominimize the use of resources andmax-
imize occupants’ comfort. In the end, we discuss the
study results, the challenges to further development
of the fully functional prototype, and its contribution
to the larger objective to help mitigate the effects of
rising temperatures in urban environments and sup-
port the future use of outdoor public spaces.

Outdoor Ambient Cooling Systems
Evaporative cooling is one of the known solutions for
micro-climate control in outdoor areas. The system
uses water that changes phase from liquid to vapour
to remove heat from the atmosphere. The ambient
air temperature is reduced by forcing water through
small nozzles under high pressure, producing fine
mist clouds that absorb ambient heat (Osmond and
Sharifi, 2017). Recent research confirms theefficiency
of the system and its ability to lower air temperature
in outdoor environments with minimal energy con-
sumption (Farnham, Emura and Mizuno 2015; Farn-
ham et al. 2017; Frederick and Khosla 2014). Other
research emphasises that the use of harvested rain-
water adds benefits resulting in its relatively small

environmental footprint (Venkiteswaran, Liman and
Alkaff 2017). However, evaporative cooling is still
rarely applied at the systemic level in outdoor pub-
lic areas, despite the overwhelming evidence that ris-
ing temperatures in cities compromise the quality of
public life (e.g., Dwivedi 2019; and Taha 1997; and
Yang et al. 2016).

The evaporative system is composed of the wa-
ter pump, filter, supply tubing, and different nozzles.
Nozzles use air to break up the fluid into a spray pat-
tern. Previous studies on evaporative cooling sug-
gest that water release patterns have the biggest im-
pact on the system’s efficiency (Nunes et al. 2011,
and Yamada et al. 2008). Design guidelines on evap-
orative cooling suggest that the maximum dispersal
angle is 70˚, and each source installed at the recom-
mended height of 3mmay affect the area measuring
up to 5m in diameter (Osmond and Sharifi 2017). This
study is based on the existing ambient cooling so-
lution (Figure 1) (reference redacted for anonymity).
Its manufacturers pride themselves on the ability to
ultra-fine mist droplets that evaporate before wet-
ting floor surfaces. It is most commonly applied
along the perimeter of the area, using stainless-steel
tubes to create a curtain of mist. When combined
with fans, dispersing the airflow, the system can re-
duce outdoor air temperature up to 10°C, accord-
ing to the manufacturer’s product guide. The solu-
tion pressurises tap water to 1,000 [PSI] and forces
it through a tiny nozzle that shatters the stream and
creates droplets that are just 1/10th the thickness of a
human hair (reference redacted for anonymity). The
solution is put into function with a simple switch or
by a thermostat, and it operates with a single level of
intensity.
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Figure 1
Exemplary ambient
cooling solution,
(name redacted for
anonymity)
manufactured by
(redacted for
anonymity).

Wireless Sensor Networks
Groups of sensors linked with wireless media have
found diverse applications in the built environment
linked to optimising the use of resources and occu-
pants’ wellbeing (Wu and Noy, 2010). WSNs are in-
creasingly used to study human behaviour and mi-
croclimate in the built environment (eg. Biswas et al.
2016, Guo et al. 2019, Kim et al. 2016, Malkawi and
Srinivasan 2005, Munitxa and Bogosian 2015). Ad-
vanced computational techniques for data structur-
ing and prediction have enabled improved accuracy,
robustness, and reduced operating costs of WSNs
(Dai et al. 2020). However, the full potential of WSNs
and advanced computational techniques is not ex-

plored for the enhancement and upscaling of evap-
orative cooling systems in outdoor environments.

Previous Research
The research reported in this paper builds on the
previously published framework for the respon-
sive operation of an evaporative cooling system
that addresses the relationship between human be-
haviour and micro-climate (reference redacted for
anonymity). Our initial research aim was to include
a diverse set of input parameters related to human
activities in outdoor public areas provided by pres-
sure sensors. Originally the approach was based on
the location of occupants. The proposed system
would be able to establish the speed of movement
and proximity between occupants and therefore in-
directly help understand human behaviour. In par-
allel, a locally based weather station was planned to
provide micro-climate data, including air tempera-
ture, wind velocity and direction, and humidity. The
outcome of that study was the information flow ma-
trix that sat the grounding for further research to de-
velop computational techniques to process informa-
tion and improve the evaporative cooling system’s
efficiency. The framework showed that a wide set
of parameters could be used to enhance the ambi-
ent cooling system’s operation in an outdoor envi-
ronment. However, the two important conclusions
were that not all input parameters would have equal
relevance for the optimisation of the system’s oper-
ation and that too many input categories increase
computational complexity and require excessivepro-
gramming efforts. Therefore, the research presented
in this paper focuses on two input categories, occu-
pancy count and air temperature, to outline an opti-
misation procedure while allowing for the inclusion
of other parameters in future.

RESEARCH AIMS
The study presented in this paper is based on the
initial desktop research that recognises the benefits
of ambient cooling and the perceived potential of
WSNs and CTs to add ‘intelligence’ to the existing
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evaporative cooling solution, commonly applied at a
small scale. The paper presents a new step and an
important stage of the ongoing study by outlining
a technique for evaluating perceived benefits that
would arise from the introduction of WSNs and CTs
to a specific evaporative cooling solution. This paper
addresses the following research questions. How to
structure the processing of information that would
be provided by sensory devices to improve the effi-
ciency of the cooling system and increase the ther-
mal comfort of occupants in an outdoor environ-
ment? And, how to examine the validity of the po-
tential improvements to evaporative cooling systems
that WSNs and CTs would enable?

The study answers the question by presenting
a blueprint of the simulation model to generate
datasets that would be used to control the percent-
age of active nozzles and water release periods in re-
sponse to input information consisting of the tem-
perature and occupant’s count datasets provided by
WSN. The paper outlines a procedure for correcting
the system’s operation by taking current air temper-
ature and predicted occupancy count into consider-
ation and sets the grounding for prototype devel-
opment. The initial results indicate how data that
would be gathered by sensory devices on occupancy
and microclimatic conditions can be employed for
the prediction and optimisation of the system. The
presentedoutcomeswouldhelpnarrow the timegap
between peak usage and nozzle activation to mini-
mize resource use andmaximize occupants’ comfort.

The research aims to improve an existing evap-
orative cooling solution (reference redacted for
anonymity) to reduce cooling systems‘ water con-
sumption and increase occupants’ thermal comfort
and, in the long run, to enable a large-scale applica-
tion of ambient cooling in outdoor public spaces.

METHOD
The proposed simulation model uses a randomly
generated occupancy count and a historical weather
statistic to structure information flow to optimise the
evaporative cooling system’s operation. The goal

is to enhance the existing evaporative cooling so-
lution by using current air temperature and occu-
pancy measurements and take their previous and
predictedvalues into account. This input replaces the
planned acquisition of data in real life to enable the
research phase where we begin establishing the in-
novative procedure for optimisation and prediction.
In real life, the input information, structured into two
datasets, would be provided by WSN, whereby data
set one would consist of information provided by a
thermostat recording local air temperature values,
and data set two would be provided by pressures
sensor that would be integrated into the pavement
surface to record the number of occupantswithin the
area affected by a segment of an evaporative cooling
system in an outdoor environment. The occupancy
countwithin established area limits and local air tem-
perature would be recorded in ten-minute intervals.

Themodel examineshow theuseof twodatasets
can help optimize the system’s operation to use
fewer resources. The study identifies three optimiza-
tion levels to establish how responsive operation of
the cooling system can minimize water consump-
tion while controlling local air temperature in an out-
door environment. The system’s actuation is via wa-
ter vapour emission intensity expressed in percent-
age of active nozzles [%], and the duration of release
periods defined in minutes [min], which are directly
proportional to water consumption and could be ex-
pressed in litres [l].

The model also examines how the use of two
datasets can help improve occupants’ thermal com-
fort by reducing the time gap between peak occu-
pancy and the system’s activation. As the cooling sys-
tem becomes fully effective only after a period of ac-
tivity, the duration of this periodmay impact the sys-
tem’s ability to respond to occupants’ demands and
make the best possible use of resources. To reduce
this gap maybe even more important in an outdoor
environment, where the air temperature is less sta-
ble andmore difficult to control than indoors. Rather
than activating the cooling system when occupants’
presence is detected, the model sets grounding for
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the technique to adjust system operation in advance
based on predicted occupancy count.

RESULTS
The three optimisation levels identified are compat-
ible but differ in the way data on occupancy, and air
temperature is used.

Level one is the most basic optimisation level,
yet it operates with a complexity requiring a com-
putational approach. Rather than switching the sys-
tem off to reduce water consumption, the approach
maintains operation at the level proportional to the
difference between the locallymeasured and desired
temperature values. It uses temperature values tode-
termine the optimal use of water through calculated
adjustment of the intensity of vapour emission and
the duration of release patterns. The proposed simu-
lation technique aims to determine if longer periods
with lower intensity could bemore efficient and con-
sume less water than shorter periods with higher in-
tensity of vapour emission.

At level two, current measurements that WSN
would provide are compared against previous val-
ues of the same dataset to establish the increasing
or decreasing trend. Based on the rising or declining
tendency of air temperature, the system predicts the
temperature of the next hour and corrects the inten-
sity of the water vapour emission and its release pat-
terns to ease the fulfilment of its objective to main-
tain the predicted air temperature. The proposed
simulation technique’s objective is to determine if
the timely reduction or upsurge of the water vapour
emission and its release patterns could additionally
reduce overall water consumption and enable eas-
ier matching between systems operations and occu-
pant’s thermal comfort.

At level three, the previous occupancy data is
analysed, and peak usage times are identified, i.e.,
when the simultaneous presence of 6 or more peo-
ple is recorded within the area limits. Values of the
two datasets, the air temperature and occupancy
count leading to the peak usage period, are estab-
lished as indicators of probable or predicted peak us-

age periods. If current measurements match the es-
tablished indicator values and their correlation, the
water vapour emission and its release patterns in-
crease to minimise the potential gap between the
system’s full performance and highest occupancy
levels. The proposed simulation technique aims to
examine the increase of water consumption through
apre-emptiveupsurgeof the vapour emission and its
release patterns that would increase occupant’s ther-
mal comfort during predicted peak usage.

The following table shows the structure of the
database that would be generated by the simulation
in the form of a spreadsheet (Table 1).

The first column one shows the date and time
when the measurements would be taken in real life.
Values would be recorded at 10-minute intervals, be-
tween 9:00 and 18:00h, for 12 weeks. Therefore, the
simulation model uses 4536 values from each of the
two input categories to generate data that would en-
able examining the efficiency of the proposed opti-
misation and prediction method.

To enable conception of the simulation model,
air temperature values in the second column can
be retrieved from historical hourly weather statistics
specific to the geographic location. The planned use
of WSN would offer more prices and more frequent
datameasurements thatwould improve theaccuracy
of results. The third column of the spreadsheet is
for the occupancy count. The number of occupants
wouldbedeterminedbynon-invasiveoccupancyde-
tection techniques relying on pressure sensors em-
bedded into the floor surface in real life. For the ini-
tial simulation modelling, the number of occupants
can be generated randomly. It is assumed it would
be limited to 10 people per 30 [m2] area or a micro-
climate zone controlled by the existing evaporative
cooling unit taken as a departing point of the study.

Columns four and five show the level one op-
timisation, or the first correction based on the cur-
rent air temperature and occupancy count. The cor-
rections would be shown as amended water vapour
release periods and the percentage of active noz-
zles. These parameters would be translated into wa-
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Figure 2
An overview of
input information
and datasets that
would be
generated by the
simulation

ter consumption and expressed as numeric values to
enable evidence-based evaluation of systems perfor-
mance.

Columns six and seven show the level two opti-
misation or corrections based on the air temperature
trend. If the temperature is increasing, the percent-
age of active nozzles and the pattern of release peri-
ods are intensified to match anticipated climate con-
ditions and improve systems’ readiness to respond
to occupant’s needs. Similarly, if the temperature is
decreasing, if the current temperature is lower than
theprevious temperature value, the systemwould re-
duce the percentage of active nozzles and the pat-
tern of release periods. These parameters would be
used to calculate water consumption during such a
changedmodeof operation to allowcomparison and
evidence-based examination of anticipated savings
or the cost of thermal comfort improvement.

The final two columns show the level two op-
timisation or corrections related to predicted occu-
pancy peaks. The current occupancy and air temper-
ature measurements are compared to previous mea-
surements to identify a string of data pointing to-
ward occupancy peak. When the peak is identified,
the percentage of active nozzles and release patterns
are increased to ease the system’s objective to main-
tain the outdoor temperature at the desired thresh-
old, i.e., 24 [C]. The increase also allows for a shorter
gap between occupancy detection and realisation of
the system’s full potential. The simulation method
aims to establish the main principles of the predic-
tion technique and examine the resulting increase in
water consumption.
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DISCUSSION AND CONCLUSION
The first research question on how to use informa-
tion that would be provided by sensory devices to
improve the efficiency of the cooling system and
increase the thermal comfort of occupants in an
outdoor environment is answered with the simula-
tion blueprint and an information processing proto-
col. The three optimization levels are outlined, each
implying a correction to the system’s performance,
based on the interpretation of occupancy and air
temperature information. The outlined computa-
tional approach is based on current and past mea-
surements and predicted values for both input cat-
egories. The simulation model’s purpose is to gen-
erate datasets defining the percentage of active noz-
zles and water release periods per ten-minute inter-
vals.

The second research question on how to ex-
amine the validity of the potential improvements
to evaporative cooling systems introduced with
WSNs and CTs is answered through empowering of
evidence-based technique, for comparison of water
consumption between the three proposed levels of
optimisation, and the default operation of the sys-
temcontrolled by the thermostat only. The proposed
simulationmodel’s results in the formof datasets that
define the percentage of active nozzles andwater re-
lease periods per ten-minute intervals can be trans-
lated into the graphs illustrating water consumption
and offering themselves to further investigation and
optimisation of the system.

Limitations of this study arise from the inclusion
of only two input categories, while many other cli-
matic parameters such as air humidity, wind direc-
tion, and speed may impact the performance of out-
door evaporative cooling systems. Simultaneously,
occupancy metrics used in this study do not address
difficulties in predicting human behaviour. Other
limitations arise from the lack of real-life data col-
lection, making presented results difficult to evalu-
ate. On the other side, the benefits of the simulation
model include thepossibility of developing a compu-
tational system ahead of the real-life prototype.

Future studies include analysis of the data gen-
erated through simulation to enable data and the
development of CTs for prediction and optimisation.
Prototyping is planned to enable the acquisition of
real-life data in an outdoor environment. In the
longer run, future research will examine how im-
proved evaporative cooling systems enhanced with
WSNs and CTs, and applied at a large scale, can be-
come an integral part of innovative design methods
for outdoor public spaces in response to rising tem-
peratures and climate change.

This study’s contribution is in developing a sim-
ulationmodel to enable structuring a computational
approach to optimizing the evaporative cooling sys-
tem and developing the evidence-based technique
for examining potential improvements that would
arise from WSNs and CTs.
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