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Abstract: Water bottles are widely used in the Gulf countries. One estimate indicates that the water
bottle usage in the United Arab Emirates (UAE) may reach up to 250 L of water per person annually.
Generally, the water bottles are made of polyethylene terephthalate (PET), a recyclable material.
Because of the non-availability of a powerful incentive system, these recyclable water bottles are
often disposed of in landfills. This paper proposes a feasibility study of building a Deposit–Refund
System (DRS) to encourage the closed-loop recycling of 0.5 L PET water bottles in the UAE waste
disposal system. Water bottles are collected by a reverse vending machine (RVM) and recycled to
produce PET bottles, and the proposed system will reward consumers with 0.04 United Arab Emirates
Dirham (AED) per deposited water bottle. Additionally, this study calculates the cost of 100% virgin
polyethylene terephthalate (vPET) and 60% recycled polyethylene terephthalate (rPET) bottles based
on the UAE population, data obtained from local water bottle companies, and existing research.
Adopting this DRS will cut down on waste, protect the environment, improve the manufacturing
process of water bottles, and boost the local economy.

Keywords: Closed Loop Recycling; Deposit Refund System (DRS); Environment; Polyethylene
terephthalate (PET); Reverse Vending Machine (RVM)

1. Introduction

The Earth’s climate, air, and water have suffered critical consequences from the green-
house gas (GHG) emissions generated by human activities. Among the results of human
activities, waste is accumulated in landfills and decomposes into GHGs. The increased
concern regarding this issue has pushed relevant authorities to work towards establishing
recycling solutions. Recycling is converting waste into new products to reduce the GHG
emissions generated from the production of virgin materials and waste accumulation in
landfills. Different waste disposal policies have been initiated worldwide to minimize litter-
ing and encourage recycling instead. In general, the Middle East, and the UAE specifically,
has become one of the focal points for research in the last few years [1–10]. In the UAE,
incentives towards ensuring a cleaner environment have been vital, with an ultimate target
of zero landfills. Immense efforts have been made in sorting and recycling waste using
the existing policies in the UAE. However, the recycling rate of domestic waste in Dubai
is still low, and was approximately 32% in the third quarter of 2018 [11]. Thus, a need for
an efficient system to increase recycling rates arises. A Deposit–Refund System (DRS) is
a waste disposal policy implemented in countries such as Sweden and Germany, where
high recycling rates have been achieved [12]. In this system, an extra deposit or surcharge
is placed on items, which will be given back to consumers once the items are returned after
usage via a reverse vending machine (RVM).

A DRS results in the minimization of contamination in collected containers. Hence,
they will be source-separated, resulting in less time, effort, and cost spent on cleaning and
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sorting [13]. Due to the geographical features and climate characteristics of the UAE as a
hot desert zone, the UAE population has a high consumption of water bottles, especially
0.5 L bottles. Such bottles are made of polyethylene terephthalate (PET), a strong, clear, and
lightweight thermoplastic made from crude oil. Plastic rubbish accumulates in landfills
and starts sloughing off slowly in nature, taking a long time to degrade. Such landfills
have a negative impact on the environment and need immediate attention. Therefore, this
study aims to assess the feasibility of building and implementing a DRS for the closed-loop
recycling of PET 0.5 L water bottles and evaluate how this will positively affect the UAE’s
environment and landfill buildup. As the current prices of water bottles include the cost of
the plastic bottle itself, the proposed system will not have an extra deposit on the price of
the water bottles. Rather, a certain percentage of the cost of manufacturing the water bottle,
which represents the material cost, will be refunded to consumers as a motivation for them
to return the empty bottles. These bottles will be the input for closed-loop recycling in
order to produce new water bottles that will be sold again on the market.

2. Literature Review

Reverse supply chain management can be invoked from consumers to the manufac-
turer/recycler through a third-party logistics (3PL) service provider to realize a DRS using
RVMs. The close-loop forward supply chain management from raw material supplier to
consumer, and in the reverse direction for recycling, is shown in Figure 1. 
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Figure 1. Close-loop forward/reverse supply chain of water bottles for recycling. 

 

Figure 2. Water bottle Deposit Refund System (DRS) showing the used bottles and deposit flows. 

 

Figure 1. Close-loop forward/reverse supply chain of water bottles for recycling.

2.1. Deposit–Refund System (DRS)

Figure 2 illustrates the water bottle deposit–refund system, wherein various material
flows (virgin water bottles and used water bottles) and deposit flows are depicted. Used
water bottles are routed to a recycler via a channel initiated by a retailer or a third-party
logistics service provider.

In an attempt to compare the DRS with other waste disposal policies, in 2011, Walls
presented a summary of existing studies, whose results were confirmed in calibrated models
of US waste and recycling [14]. Such results show that the proposed DRS is superior in
reducing the volume of products generated and the increment in recycling rates. An
understanding of how this policy has worked in the countries where it has been used is
needed to back up this policy’s benefits.

The return rates of PET bottles in Sweden and Norway were 83% and 95%, respec-
tively, in 2016. Both Sweden and Norway adopted the system almost at the beginning of
the 1990s [15]. Similarly, in Finland, plastic bottle return rates reached 92% in 2015 [16].
Moreover, implementing the system in Lithuania in 2016 showed positive results within
seven months. Since the DRS recorded positive results, researchers and concerned author-
ities worldwide have been motivated to study the proposed system’s feasibility in their
countries. In Belarus in 2016, Kalinovskaya [16] evaluated the possibility of implementing
the system in terms of several factors, including political, economic, technological, and en-
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vironmental. The evaluation was carried out to identify the context for the implementation
of this system. One suggested recommendation was to utilize the DRS as a financial source
to cover the high initial cost.
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Figure 2. Water bottle Deposit Refund System (DRS) showing the used bottles and deposit flows.

In Latvia in 2013, Dace et al. [17] estimated the cost of implementing the DRS for
packaging in a period up to 2020 and compared such a cost with the existing curbside
system’s cost. The results indicated that implementing such a system would be environ-
mentally feasible; however, the implementation would also be costly due to Latvia’s low
beverage consumption. Deprez studied the cost–benefit analysis of the system conducted
by OVAM in 2015 in Belgium [18]. Similarly, the results showed a significant impact
on the environment, but it was costly. By taking the implementation policy of DRS in
Kiribati and Palau as an evaluation framework, Nashfa [19] analyzed the political and
economic feasibility of PET bottle implementation for one year in Male, Maldives. The
results revealed the possibility of economic viability. In the UK in 2010, an examination
of the environmental benefits of introducing the DRS was performed by Hogg et al. [20],
which attained savings of 607 kt CO2 equivalent per annum, associated with a benefit
of around GBP 69 million. The study recommended implementing the system, which,
in March 2018, the UK Government announced that it would adopt, in addition to the
Scottish Government’s announcement in 2017 [12]. In New Zealand, Davies conducted
a benefit–cost analysis over a ten-year study period, showing that the benefits are higher
than the costs when implementing the DRS [21]. In 2011, research conducted in Dubai by
Acharya on recycling attitudes and policies was followed by the suggestion of a proposed
recycling program and a revised one based on stakeholders’ feedback [13]. The revised
system included a volume-based pricing system with a fixed amount of free disposal of
organic waste. For recyclables, residents will be rewarded based on the weight recycled.

2.2. Closed-Loop Recycling

The end market for recyclables might produce other, less valuable product types or
reproduce the same type as the virgin one. This situation applies to recycled PET (rPET),
whose global market is growing due to its various applications and the increased demand
for packaging products [22]. It has been utilized to produce fiber, fabric, films, straps,
and food and non-food containers. According to Welle [23], the first direct food contact
application of rPET was in the USA in 1991, and it was used in European countries after
that. He also mentioned various reasons that make PET material strongly applicable to
bottle recycling or so-called closed-loop recycling, such as an inert polymer. Considering
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the progress of this recycling process, well summarized are the super-clean recycling tech-
nologies used to decontaminate the postconsumer containers and bring the concentration
levels of rPET to those of the virgin ones. Hopewell et al. [24] mentioned that a clear PET
container is ideal for closed-loop recycling when it is effectively purified and stabilized
against degradation during reprocessing. Therefore, such food-grade rPET is widely used
at 30–50% of virgin PET replacement and 100% in some bottles. Based on the Wrap Plastics
Market Situation Report in 2016, the European Food Safety Authority has established
guidelines regarding the utilization of rPET in food packaging [25]. It says that at least 95%
of the input PET material must have been used for food contact in its early life [25]. Due to
the need for clean postconsumer bottles for closed-loop recycling, collecting such bottles
via RVMs in the DRS acts as a prerequisite for recycling.

2.3. Life Cycle Assessment

Considering the environmental impact of recycling and other waste management
methods, life cycle assessments (LCA) have been conducted by researchers to quantify
the GHG emissions generated from the proposed disposal methods. Foolmaun and Ram-
jeawon [26] studied the environmental impact of PET bottles’ disposal via five different
scenarios in Mauritius. It was shown that 100% landfilling is the worst scenario. Similarly,
Perugini et al. [27] showcased the outperformance of different recycling types over other
waste management methods concerning six impact categories, such as energy consump-
tion. The results highlighted the energy, crude oil, and CO2 emissions savings as a result
of recycling.

2.4. Current Disposal Policy

The weaknesses of the current similar system in other cities in the UAE like Sharjah,
Dubai, and Abu Dhabi should be recognized before proceeding with the proposed system.
A similar policy to the paper’s proposed system was initiated in 2017 by the Bee’ah Sharjah
Environment Company. The policy is named Bee’ah Rewards, and it uses RVMs to motivate
recyclers to deposit empty containers, receive a receipt with each deposit, and enter a
monthly draw of prizes. The system has succeeded in increasing the number of recyclables
within the first half of 2018 to about 250,000, including aluminum cans and plastic bottles.
However, the number of recyclables is relatively low compared to the high consumption
of such containers. This low return is related to the fact that the RVMs were installed in
only six locations in the involved emirates. Therefore, the returned containers would only
be used by the population during their visits to those locations. It is impractical to carry
what has been consumed during the week to be returned to specific, limited locations.
Moreover, this would increase the amount of GHG emissions generated from the increased
transportation required in producing the containers. Consequently, a more practical and
environment-friendly policy is needed for the DRS. The proposed system would repay each
recycler for every returned PET water bottle, creating win–win scenarios for the parties
involved. The RVM will be installed in all major markets and malls. This would allow
more environmentally friendly and convenient trips to return containers associated with
the weekly shopping trips. Moreover, the returned bottles will be inputs for bottle-to-bottle
recycling (closed-loop recycling) rather than bottle-to-fiber recycling (open-loop recycling),
as Bee’ah does. Both recycling types protect the environment; however, what happens to
the recycled product after usage is critical. In the first type, bottles are recycled in an infinite
loop, while the latter may have two possibilities. The possibilities are either that the fiber is
recycled or ends up in landfills. According to Welle [23], recycling the fiber is not enough
to utilize and absorb the large amounts of collected bottles. In this case, bottle-to-bottle
recycling is preferable. This study aims to build a Deposit Refund System (DRS) for the
closed-loop recycling of 0.5 L PET and investigate the feasibility of implementing the DRS
to collect 0.5 L PET water bottles.
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3. Materials and Methods
3.1. Data Collection

Some of the data used in this study were provided by local bottled drinking water
companies in the UAE. The provided data include the daily production of 0.5 L water bottles,
virgin PET price, and rPET price assumption. Moreover, the measured data were obtained
by weighing the 0.5 L water bottles produced by the top four water bottle companies in the
UAE. Table 1 shows the average cap, label, body, and total weight of the bottle. However,
most of the data used were obtained from previous research and studies relating to RVM
daily capacity and PET containers’ carbon footprints.

Table 1. Segmentation of 0.5 L PET water bottle weights.

Average Weight (g) Percentage by Weight

Bottle Only 12 86.96%

Cap Only 1.375 9.96%

Label Only 0.43 3.14%

Total 13.8

3.2. Proposed System Model

The proposed DRS for recycling water bottles consists of several stages forming a
closed loop, as shown in Figure 3. First, the water bottles are transported from bottled
drinking water companies to the recycler’s distribution centers, whose role is to distribute
the bottles to retailers. Meanwhile, the consumer should purchase the water bottles, and
then return the empty plastic bottles after usage to the RVM. The RVM will be installed in a
leading market/retailer. Each consumer will have a card that records a reward of AED 0.04
for each deposit made via the machine. Based on the retailers’ and RVM’s storage capacities,
collectors will collect the compacted bottles, which have already been sorted and counted
by the machine without being contaminated. The collectors would be the distributors who
initially transported the unconsumed bottles to retailers. This is an advantage in reducing
logistics costs, as the party concerned with distributing and collecting the bottles will
perform both actions within one trip to the consumer [28]. These bottles will be transported
to recycling plants to be recycled into rPET resins using super clean recycling processes.
Such a critical approach is needed to produce a food-grade rPET with the same properties as
the virgin one. There is a need for a backup of virgin PET resin from the vPET manufacturer
to meet the demand for water bottle consumption. Both rPET and vPET will be used to
create the product used by bottled drinking water companies to form the water bottle. A
further illustration of the needed proportions of vPET and rPET to make one water bottle’s
content will be discussed in the next section.

3.3. Reproduction of 0.5 L Water Bottle Model

A measurement of water bottle consumption in the UAE is needed to make an eco-
nomic and environmental evaluation of the proposed closed-loop recycling method. The
daily production numbers of 0.5 L and 1.5 L water bottles were provided by one of the
local bottled drinking water companies in the UAE. The production of 0.5 L bottles is
almost double the production of 1.5 L bottles. Therefore, to simplify the calculation needed,
the study will collect and recycle the most-consumed water bottles. The annual demand
for 0.5 L water bottles was obtained by using the company’s position in the market and
multiplying it by the number of days per year. To verify the proposed method’s findings,
an industry report about the UAE bottled water market states that the annual average
consumption of bottled water in the UAE is 250 L per person [29]. This number equals
500 × 0.5 L water bottles. By multiplying the UAE population’s obtained number in the
first quarter of 2019 [30], the resultant annual 0.5 L water bottle demand approximates
5 billion. This numerical value is very close to the number calculated using the first method.
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Figure 1. Close-loop forward/reverse supply chain of water bottles for recycling. 
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Figure 3. Proposed DRS model for recycling water bottles.

It is assumed that 80% of the consumed bottles will be returned by residents via RVMs
through the proposed DRS out of the total demand. Such bottles will be collected with
their caps and labels at the recycling plant, where they will be sorted to recycle each part
independently. The assumed efficiency of this step is about 87%. This efficiency is based on
the cap and label weight percentage, which is about 13% of the total bottle weight, as shown
in Table 1. Next, the PET bottles will be recycled using conventional recycling processes in
addition to the super-clean process to achieve a close resemblance of the properties of rPET
to those of vPET [31]. The efficiency of the whole recycling process is 75.55%, according
to Valentino [31]. As a result, the output will be about 35 million kg of food-grade rPET.
The output is not adequate to meet the annual demand of 5 billion bottles, or 57,806,736 kg,
excluding caps and labels. Thus, the total amount of vPET needed to compensate for
the unreturned bottles and the recycling losses is about 24 million kg. This value takes
into consideration that the bottle production efficiency is 98% [31]. The vPET and rPET
will be combined to make the pellets to produce the final shape of bottles. These steps of
closed-loop recycling are illustrated in Figure 4. Based on the obtained amounts of vPET,
rPET, and the demand in kg, the acquired recycled water bottle’s cost and carbon footprint
were calculated.

3.4. Mathematical Model Building

A model was built using MS Excel based on the model in Figure 4 to quantify the rPET
and vPET production amounts, their costs, and their carbon footprint. These quantities
will be automatically calculated after inserting parameters such as daily bottle production,
weight, and production efficiency. A bottled drinking water company provides the inputs
with the assistance of a recycling plant. The carbon footprint values are approximated to
show the environmental benefits of closed-loop recycling. It should be noted that a life
cycle assessment (LCA) should be performed under one of the local water bottle company’s
conditions to obtain the exact numbers. This research highlights the vital contribution of
DRS and closed-loop recycling to protect the UAE’s environment.
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3.5. Research Findings

Using the calculated amounts of vPET and rPET out of the annual demand, the
maximum recycled content that can be reached is about 60%. Based on these findings, the
system model was evaluated from an economic point of view.

3.5.1. Economic Evaluation

According to the local bottled drinking water companies that were contacted, the cost
range of rPET is 30–50% of the value of vPET. As a result, 50% was chosen in order to obtain
a high-quality rPET. However, in the end, it depends on the supply chain relationship
between stakeholders and on their desire to protect the environment. As shown in Figure 5,
since 60% of a water bottle consists of rPET, the total annual cost of producing almost
5 billion water bottles is 30% less than the current cost of using only vPET. Such a cost is
the total cost for all local bottled drinking water companies to purchase the final rPET and
vPET pellets from the recycling facility. When the 60% recycled content is used, the savings
achieved will be part of the returned postconsumer bottle’s AED 0.04 reward per deposit.
This amount contributes to more than 50% of the reward. The rest of the reward will be
paid by the recycling plant, as shown in Figure 6. The selection of AED 0.04 as the reward
is because it represents the cost of making the 60% rPET preform bottle. Hence, since the
consumer is returning the bottle, it is appropriate to refund its price as a reward.
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To recoup the assumed 80% of the daily demand, an adequate number of RVMs should
be installed all over the country. The number of RVMs needed in each emirate is displayed
in Figure 7. The number is based on the current population in each emirate, 80% of the daily
consumption of 0.5 L water bottles, and the RVM daily capacity of 3000 containers [32].
The number of RVMs required across the UAE totals more than 3500 RVMs. The RVM cost
range is between GBP 4500 and GBP 17,000 [20] and has recently reached GBP 30,000 [28].
The cost variation depends on the desired capacity, consumer friendliness, and other factors.
The proposed system’s assumed cost is close to the current one, at about AED 150,000 per
machine, including the installation cost.

An additional cost that was quantified is the storage cost. The storage cost represents
the space needed to install the RVM and store the compacted bottle bales from the machine
until the collection takes place. The total storage area required varies from 5 to 9 m2 [20].
According to Hogg [20], the bulk density of compacted PET bottle bales is 27 kg/m3, which
corresponds to almost 2000 bottles per cubic meter. Consequently, this high number will
optimize logistics costs [20]. Despite the high RVM’s initial cost, it outperforms the regular
collection bins in the curbside waste disposal policy. Utilizing an RVM eliminates the need
for counting centers. In addition to that, the bottles will not be contaminated. This is a
critical factor in ensuring high-quality inputs for closed-loop recycling. An additional
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cost is also placed on the extra super-cleaned recycling process needed for bottle-to-bottle
recycling, which is about AED 22 million per super-cleaning reactor [33].
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3.5.2. Effect on Landfill Buildup

According to the Federal Competitiveness and Statistics Authority in the UAE, 72%
of municipal waste went to landfills in the UAE in 2017 [34]. The photodegradation
mechanism can degrade plastics in landfills. In other words, the UV sunlight activates
the oxygen atoms in the polymer, leading to thermo-oxidative degradation [35]. Then,
microorganisms will convert the carbon in the polymer chains to carbon dioxide, which
takes at least 50 years. Consequently, plastics are accumulated in landfills to reach their
full capacities. At this point, related authorities will have two choices: either to find new
landfills or recycle. In the long run, a landfill by itself is a problem other than the emitted
GHGs. Plastics pollute soil and are digested by animals, leading to their death.

3.5.3. Evaluation of the Environmental Impact

The 60% recycled content achieved affects the carbon footprint of the bottle. Based
on the life cycle assessment (LCA) carried out by Dormer et al. [36] for PET trays, the
60% rPET water bottle has a carbon footprint of 40% less than the 100% virgin bottle.
As shown in Figure 8 [36], the value corresponds to 2.16 kg CO2e/kg. Accordingly, the
total amount of CO2e emissions generated from producing the current annual 0.5 L water
bottles’ demand using 60% rPET approximates 125,000 metric tons. This is clearly shown
in Figure 9 compared to the current production of 100% virgin content.

It should be noted that such a footprint value consists of the PET resin production,
manufacturing of trays, secondary packaging, transport, and end-of-life stages, which
represent 45%, 38%, 5%, 3%, and 9%, respectively [36]. By comparing the contribution
of PET production and end-of-life stages, the former emits higher GHGs than landfilling
and incineration with energy recovery, as per the study. PET production involves high
energy-consuming processes, including the extraction of crude oil [35]. Consequently,
recycling outperforms other waste treatment methods in protecting the environment. Both
recycling types, open and closed, replace the virgin PET amount with the recycled PET
amount. Therefore, less crude oil and energy consumption will be attained.
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Since vPET production has the highest environmental impact, it is recommended
that the bottle weight be decreased [36]. The weight range of water bottles in the UAE is
between 10.2 g and 12.7 g. Similar bottles for sparkling water and still water have different
wall thicknesses and therefore different weights. Carbonated water bottles are heavier
because they cannot deform under the pressure of carbon dioxide. Accordingly, Figure 10
shows what happens to the cost and carbon footprint if the bottle weight decreases to 10.2 g.
While the overall cost reduction is about 46%, the carbon footprint reduction is about 50%.
In this case, the cost saving accounts for AED 0.036 per bottle as part of the reward. This
tends to increase the possibility of increasing the reward for the DRS.
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4. Conclusions

This research proposes a deposit refund system to collect PET water bottles. The
collected bottles will be the input for closed-loop recycling. This type of recycling can
produce water bottles using combinations of food-grade rPET and vPET. Based on the
research findings, the following conclusions are made:

The maximum recycled content that can be reached using 80% of the 0.5 L water
bottle demand is 60%. Therefore, other PET containers should be collected and recycled to
reproduce such water bottles and achieve higher recycled content levels.

The rPET bottles have a 30% reduction in reproduction costs compared to the current
production of vPET bottles.

The research shows a high initial cost for the proposed system. However, by con-
sidering the savings in crude oil and energy and the benefits of eliminating landfills and
decreasing GHG emissions, the benefits may outweigh the cost.

The proposed deposit–refund system could have a positive impact on the local econ-
omy by reducing the manufacturing costs of water bottles and reducing landfill buildup.
Therefore, building such a DRS might have some financial rewards for residents who return
used water bottles to RVMs.

Consequently, it is recommended that a detailed cost–benefit analysis of the proposed
system be performed to decide whether the benefits outweigh the cost. Additionally, other
factors, including social ones, should be considered to measure the UAE population’s will-
ingness to use the DRS and closed-loop recycling, which would help predict the recycling
rate before the implementation occurs.
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