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Abstract: There is a lack of knowledge among food manufacturers about adopting the Internet of
Things (IoT)-based water monitoring system and its ability to support water minimisation activities.
It is therefore necessary to investigate the applicability of IoT-based real-time water monitoring
systems in a real food manufacturing environment to pursue water-saving opportunities accordingly.
This article aims to propose an architecture of an IoT-based water-monitoring system needed for
real-time monitoring of water usage, and address any water inefficiencies within food manufacturing.
This article looks at a study conducted in a food beverage factory where an IoT-based real-time water
monitoring system is implemented to analyse the complete water usage in order to devise solutions
and address water overconsumption/wastage during the manufacturing process. The successful
implementation of an IoT-based real-time water monitoring system offered the beverage factory
a detailed analysis of the water consumption and insights into the water hotspots that needed
attention. This action initiated several water-saving project opportunities, which contributed to the
improvement of water sustainability and led to an 11% reduction in the beverage factory’s daily
water usage.

Keywords: Internet of Things; water monitoring system; food beverage industry; water sustainability;
waste reduction; recovery and reuse

1. Introduction

Water is an important constituent for living organisms’ survival on planet Earth [1] The
rising of the world’s population, which is predicted to reach 9.7 billion by 2050 [2], will in-
crease the amount of freshwater that will be needed for drinking, food production, hygiene,
and sanitation. Issues such as the degradation of surface water quality and climate change
challenges are adding more pressure on acquiring a continuous and stable source of water.
As per Mullen [3], only 0.5% of water is available as freshwater, the rest of the water is in
the form of ocean water, glaciers, or ice. Globally, food-production- and processing-related
activities are known to consume the majority of the water. This was also proven by Luck-
mann et al. [4]: out of the total freshwater abstracted, 70% is used for agricultural purposes,
19% for manufacturing activities, and the rest is used for domestic purposes.

In 2010, the UK. food and drink industry’s annual water consumption were
190.6 million m? [5], as shown in Table 1. Water is an essential resource in the beverage in-
dustry, as it is a crucial constituent of the finished product and required for maintaining
hygienic conditions of the machinery and the surrounding environment on the factory
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floor [6-8], it is one of the most water-intensive manufacturing systems, with a high
amount of potable water required for various processes including washing, cleaning, etc.
Potable water is essentially needed during each phase of production and an important
constituent of the finished food products [9]. Minimising water usage is thus a challenge
for the beverage industry as it is not only a heavy water user but also wastes vast quanti-
ties of water and energy during other miscellaneous processes such as cleaning, heating
systems, etc. It is more pertinent due to the rising water demands and therefore needs to be
addressed through minimising water usage and wastewater discharge, and implementing
sustainable strategies to improve water efficiency [10-12].

Table 1. UK. food and drink sector water use in million m®/annum (2010); ADAPTED from Bromley-
Challenor et al. [5].

Country Manufacturing Retail Wholesale Hospitality and Foodservice
Northern Ireland 6.9 0.3 0 3.3
Scotland 51 0.8 0.1 11.5
England 125.5 7.1 1.2 135.6
Wales 7.2 0.4 0.1 5.8
Total 190.6 8.6 1.4 156.2

Although the concept of intelligent or smart factories has been around for the last
few years, and various industries have readily embraced it, the food manufacturing sector is
still lagging. This is partly due to low-profit margins, frequently changing market scenarios,
consumer demands, lack of investment, and skills shortages [13,14]. In this context, the In-
ternet of Things (IoT) is currently considered one of the most disruptive technologies [15]
for monitoring manufacturing operations digitally, bringing transparency and visibility,
sharing information and data to execute plans, and decision-making. It is emerging as
a data-driven technology resulting in significant improvements in operational efficiency.
Therefore, to improve the water efficiency in a beverage factory, a well-aware real-time
responsive water monitoring system is required [16]. Only through the availability of such
a system can the communication, collaboration, and collective actions of all the stakehold-
ers be considered and improved in implementing water-efficient practices [17,18]. This
approach could provide detailed information on water usage activities to identify possible
reasons for water wastage and to find opportunities to reduce water consumption. IoT
features such as speed, transparency, and visibility could be beneficial for achieving this
goal [19]. The information on water consumption of each machine component within
the beverage factory can be collected in real time through smart sensors and smart wa-
ter meters. The collected data can be further analysed in real time to enable water-aware
decisions [20-22].

The initial section of this paper describes the methodology and then proposes an IoT-
based water monitoring architecture. Furthermore, it presents an industrial case study of a
beverage factory describing water-efficient practices initiated through the application of an
IoT and identifies the benefits of adopting an IoT-based real-time water monitoring system.
The case study results validated the adoption of the IoT for managing water resources
to improve the factory’s overall sustainability. The final section discusses the results and
conclusions from the case study.

2. Methodology

For this project, the initial step was to select an appropriate IoT-architecture that
would allow the continuous monitoring of water consumption. Various researchers have
adopted an architecture with more than three layers based on the needs and understanding
of their specific project [23]. However, for this research, we adopted a simple four-layered
architecture as described in Section 3.



Sustainability 2021, 13, 3343

30f10

After selecting the architecture, we adopted a case study approach. A case study is
a research strategy that consists of an empirical inquiry that examines a phenomenon in
a real-life context [24]. It involves an in-depth investigation of a particular case, group,
or individual. Firstly, we chose a company where water consumption is significant. We re-
searched the company’s water consumption information and found that the water data
were based on mass balance and manually calculated using crude assumptions. The his-
torical data revealed that the company consumed almost 2.49 L of water per annum on
average to make 1 L of the finished product in 2017.

To identify hotspots of water consumption/wastage within the factory, the company
management decided to establish a task team. Based on their past experiences and knowl-
edge, the task team selected the areas or equipment with high water usage and wastage
to implement the water monitoring system. This resulted in the company undertaking
the initiatives discussed in Sections Sections 4.3.1-4.3.3. The continuous water monitor-
ing allowed management to take actions against over usage and wastage of water in the
identified areas, and eventually resulted in the overall reduction in water usage.

3. IoT-Based Water Monitoring Architecture

The IoT architecture can include several layers [25]; however, the one demonstrated
in Figure 1 consists of four layers: (i) the sensing layer, (ii) the network layer, (iii) the
service layer, and (iv) the application layer. This architecture can be useful for water
monitoring in real time. The sensing layer, which is the bottom layer, consists of devices
or sensors (e.g., pressure transducers, temperature sensors, flowmeters, water quality me-
ters, etc.), and its primary function is to obtain data and information on the consumption
and quality of water in real-time. The network layer performs the function of transmit-
ting and receiving information either directly via the communication network or through
gateways (e.g., receptors and gateways). This layer follows certain procedures for reading
sensors and devices and serves as a link between the sensing layer and service layer’s
database systems and the software platforms. It includes both wired and wireless networks
such as WiFi, Bluetooth, Radio-frequency identification (RFID), Zigbee, Controller Area
network (CAN bus), etc. The service layer is responsible for the management of data
and information, software applications, and platforms. It collects the data from all IoT-
gateways, processes a large quantity of data, and categorises them before storing them
in a data warehouse. The stored data are then subjected to data mining and analysing to
extract meaningful information. The whole data processing is carried out by applications
running in a cloud system. The application layer consists of IoT applications and services.
It supports generating real-time data analyses and trend reports for water usage within the
beverage factory, and presents this information to the user through the Internet via Hy-
pertext Transfer Protocol (HTTP). The applications are powered by ASP, .NET, or HTMLS5,
and have functionalities such as diverting wastewater from certain food production pro-
cesses as a raw material for other secondary processes depending on its quality rather
than sending the wastewater to the effluent treatment plant. It also helps with monitoring
the water usage across various production activities: it sends alerts whenever there is
a deviation from the set parameters as well as allows users to view historical data on
water consumption.
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Figure 1. Internet of Things (IoT) architecture for water monitoring.

Figure 1 illustrates the water monitoring system in the beverage factory powered
by IoT. The system adopted has features such as monitoring, controlling, and regulating
the consumption and quality of water. The system consists of a wide range of tools, in-
cluding pressure and water quality sensors, flowrate meters, data processing, visualisation
tools, actuators, and web and mobile control, which are significant for both communication
and food production purposes. The sensors are used to understand the quality of both
raw water and wastewater, their chemical composition, water temperature, and wear and
tear of the equipment used for pumping water. Some of the water quality parameters
measured are pH, chlorine level, electrical conductivity, dissolved oxygen, oxidation, and
reduction potential. The data generated by sensors provide key insights into water quality
and equipment conditions so that corrective measures are undertaken if one of the param-
eters is not within the set limits. Flowrate meters help with measuring real-time water
consumptions, identifying over usage or wastage hotspots, demonstrating correct usage,
and estimating future consumption levels. The data generated by the hardware (sensors,
meters, actuators) are transferred via IoT gateways (Wireless router, Zigbee, Bluetooth, etc.)
to a secure cloud server. The collected data are stored in the cloud server and available in
real-time to all users. The specially designed software application analyses the data to iden-
tify water consumption patterns, and utilises algorithms to capture behavioural changes
and variations in flow and water quality. For example, the water monitoring system can
detect water leaks, rectify them by informing the users about the issue, or divert the water
to the storage tanks before the normal water supply is reinstated. This water monitoring
system was implemented to obtain detailed insight into the water usage of the beverage
factory and thereby undertake activities to reduce water consumption/wastage, improve
the quality of water, increase the efficiency of water processing systems, control water
leakages, and monitor water consumption. The IoT-powered water monitoring system
provided various opportunities for the beverage factory, such as bringing transparency
to the production processes; real-time monitoring allowed detecting water-related issues
and address them immediately; efficient manpower management; reduction in wastewater;
and, finally, better decision-making based on data analytics.
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4. Case Study
4.1. Background

The beverage production process starts with drawing raw water from the water-wells,
as shown in Figure 2. It undergoes various purification and filtration processes, includ-
ing coagulation, chlorination, sand-carbon filtration, micron filtration, and ultra-violet
treatment before it reaches the blender. Flavourings, as well as sugar, undergo purifica-
tion processes (sugar dissolution, carbon purification, particle purification, and thermal
treatment) before all three are combined in the blender as per the recipe and are mixed thor-
oughly. The mix is then sent to the bottle fillers where filtrated CO; gas is added to the
bottles with the beverage solution.

Water
CO:2
Coagulation
Sugar
¢ v isati Disolution
aporisation Y
Chlorination
¢ ( \ Carbon
— Purification
Floveurings/ / Multi-media Filtration /
Concentrate o .
Sand Carbon / (Silica-Alumina-Carbon-
Fitration Micron) —
Particle
Purification
Micron A\ 4
Fitration
Thermal
Treatment
»
Blending
UV Treatment
| - : 7\

Filling

ddd

U B

Figure 2. Beverage production flowchart.
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4.2. Water Consumption in the Beverage Factory

The beverage industry is one of the significant water users using between 89% and
99% of the drinking water [26]. Usually, water consumption in the beverage industry is
measured based on a normalised volume, i.e., the volume of water utilised in order to make
one litre of the packaged product. As per the BIER report [26], beverage manufacturing
used between 1.7 and 4.2 L of water to produce 1 L of the packaged beverage product.

In 2017, the case company, a beverage-manufacturing factory based in India, re-
quired 2747 m3/day of drinking water to carry out daily operations including the manu-
facturing of the finished goods, bottle washing, sanitation of the plant, and maintaining
the hygienic condition of the equipment. This accounted for approximately 2.49 L of water
used to produce 1 L of the packaged beverage on any given day, which was slightly higher
than their counterparts. Figure 3 shows the breakdown of water consumption in the factory
before installing the IoT-based water monitoring system. Most of the water was consumed
by the production (54%) as it is the main constituent of the final product. The process
consumed 29% of water which is primarily used for waste treatment, cleaning, sanitation,
hygiene, maintenance, and other auxiliary processes. Soft water (13%) was needed for
bottle washing and the boiler, and softener (4%) was used as a top-up for the effluent
treatment plant.

Softner backwash
4%

Softwater
13%

Production
54%

Process
29%

Figure 3. Factory water consumption breakdown.

4.3. 10T System Implementation

The factory commissioned an loT-based water monitoring system by installing smart
meters to obtain insights into the major water-intensive practices within the factory. This re-
sulted in the creation of a value stream mapping of water consumption in the factory,
as shown in Figure 4. It highlighted that, despite most of the water being used for the
production of the finished product, the other major water-consuming areas were the
cooling towers, boiler, and bottle washers. Some of the initiatives undertaken to reduce
water consumption based on the data obtained from the IoT-based monitoring system are
described below.
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Figure 4. Schematic of water usage in the beverage factory.
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4.3.1. Cooling Tower

Treating wastewater from the beverage factory is complicated and challenging due
to the strict governmental regulations and high total dissolved solids (TDS) in the blow-
down water, which require a large amount of water for cooling tower top-up. Blowdown
water is the water that is removed from the recirculation process to reduce the scaling/or
contamination in the cooling tower water. Due to continuous evaporation in the cool-
ing tower, the TDS level increases in the water. Therefore, by eliminating blowdown
by adding freshwater, the TDS level can be maintained in the tower, which results in
wastewater generation.

The beverage factory realised through their IoT-based water monitoring system that if
they can treat the blowdown water and reuse it, they would be able to save a large amount
of water. After consulting external wastewater consultants, the factory management
decided to pursue reverse osmosis (RO) technology to treat the blowdown water because
of its simple design and easy installation and operation. RO technology was found to be
more cost-effective and energy-saving compared with other water purification technologies.
These actions resulted in a large amount of water recovery.

4.3.2. Boiler

Like the cooling towers, the boiler also consumed a significant amount of water. It was
found that by adopting a similar approach as in the case of the cooling towers, the boiler
performance could be significantly improved. The factory management identified that the
performance of the boiler could be improved if the feedwater had a lower TDS. The boiler
would be less likely to precipitate and less blowdown would be required.

Water treatment was improved due to the application of RO technology to reduce the
TDS level of the boiler feedwater. This resulted in a reduction in wastewater discharge,
which saved a significant amount of water. Additional advantages of changing to RO
technology were water reuse and environmental benefit in terms of energy-saving since
hot water was no longer discharged to Effluent treatment plant (ETP).

4.3.3. Other Water-Saving Initiatives

To make the factory more water-efficient, several cost-effective initiatives were under-
taken. Initiatives such as fixing water leakages as well as operational improvements were
considered. The initiatives undertaken for saving water in the factory are stated in Table 2.
Some of the initiatives undertaken were technical in nature, whereas others were merely
good housekeeping practices. The IoT-based water monitoring system allowed the factory
management and employees to obtain detailed insights into the water usage of various
activities and thereby undertake water-saving initiatives.

Table 2. Water-saving initiatives.

Water-Saving Opportunities

Initiatives Undertaken

Cascade reuse

Washing of dirty bottles in a counter-current flow of water

Taps/pipes leakages

Fixing of identified leakages

Cooling tower

Recirculation of cooling waterExploring the reuse of cooling water as feedwater or make-up
water for other processes

Cleaning in Place (CIP)

Exploring newer CIP technologies such as whirlwind /ozone/electrochemically active technology
with better water-reducing opportunities

The detailed water usage, which was possible due to the IoT-based water moni-
toring system, helped the factory to map the value stream of the water consumption.
The factory reduced its normalised volume from 2.49 to 1.9 L by the end of June 2018.
The IoT water monitoring system application resulted in a reduction in the cooling tower
and boiler water requirements. It overall contributed to an approximately 11% reduction
in the daily water usage of the beverage factory.
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5. Conclusion

In the last few years, loT-based systems have gained considerable recognition in
improving resource efficiency in the non-food manufacturing sector. However, their usage
in the food industry has not been sufficiently explored due to the lack of understanding of
IoT architecture and its successful deployment in the food sector.

This paper therefore described an IoT architecture for continuous monitoring of water
usage in a food beverage factory, which is considered a heavy user of water resources.
The case study analysed water-intensive activities within the beverage factory and identi-
fied water-saving opportunities. Table 3 presents the water consumption for both the years
2017 and 2018 over a period of six months, i.e., January to June. It shows how much water
was required by the factory to make one litre of beverage. For example, in March 2017, the
factory required 2.19 L of water to produce 1 L of the finished beverage. We can also see
from both sets of data that the water consumption for the year 2018 reduced significantly
after the implementation of an IoT-based water monitoring system. The 2017 data were
obtained before the installation of the IoT system.

Table 3. Total water required to produce 1 L of the finished beverage.

Year Jan Feb Mar Apr May June
Total water litre/litre of beverage (2017) 1.74 2.11 2.19 1.99 2.14 2.49
Total water litre/litre of beverage (2018) 2.03 2.01 1.99 1.98 1.92 1.90

The case study demonstrated a significant amount of water savings, i.e., almost 11%,
through reusing water for the cooling tower and boiler.

The case study results are very promising and demonstrate that monitoring water
usage in real-time using IoT-based systems could reduce consumption by making be-
havioural changes in factory management. Rather than thinking of a short-term approach,
a long-term approach should be undertaken for water-saving activities, i.e., implementing
an IoT-based water monitoring system throughout the food supply chain. Despite initial
reluctance for the deployment of an IoT-based water monitoring system, the system has
been a major success: the company made significant water savings and recovered the
investment within six months.

The case study also demonstrated that other food businesses could easily replicate the
IoT-based water monitoring system. Finally, it would be interesting to see more businesses
adopting IoT-based systems to improve their resource efficiency. A more flexible and agile
IoT-based monitoring system may help practitioners from the non-food sector to exploit a
system like the one we illustrated.
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