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Abstract — Environmental life cycle inventory (LCI) datasets are critical to conduct life cycle assessment (LCA) of concrete products.
Obtaining these values from local practice is necessary to provide accurate assessment results that reflect real-life scenarios. The datasets
for the recycling process of construction and demolition waste into recycled concrete aggregates (RCA) in the city of Abu Dhabi, United
Arab Emirates are currently unavailable. Accordingly, this research aims to determine a detailed environmental LCI dataset for the
production of RCA in Abu Dhabi. An extensive investigation of the RCA production practice was performed to highlight the input and
output of each process unit. The methodology proposed by the International Standards Organization (ISO) to build an LCI (ISO 14040)
was adopted. The resulting environmental LCI value for RCA production was determined to be 6.67x10* kg CO.eq per kilogram of
produced RCA. Research findings serve as a benchmark to evaluate the environmental sustainability of RCA and RCA-based products
in a holistic LCA study, while also enriching the LCI of the city of Abu Dhabi.
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1. Introduction

Recycling of construction and demolition waste (CDW) into recycled concrete aggregates (RCA) is advocated as the
most suitable means of managing such waste. The process aims to reduce the burden on landfills, demand for natural
aggregates (NA), and initial investment in the primary production of NA. So-produced RCA serve to provide a more
sustainable replacement to NA, given their increased demand in a rapidly growing economy. In fact, recent statistics
highlighted an expected 45% increase in demand for aggregates by the year 2025 [1].

Many studies have confirmed that RCA can be employed in different construction applications. Such applications
include using RCA in the production of concrete [2-4], as a secondary raw material in concrete kerbs and floor blocks [5]
[6], in precast concrete products [7], and as an engineering fill in the construction of roads (sub-base materials) [8]. Despite
having great potential to promote environmental sustainability, the inferior performance of RCA compared to NA renders it
useful in non-structural applications only. Yet, to exploit its true potential, its use should be expanded to structural
applications as well. In fact, past research has been successful in developing structural concrete made with RCA [9-11].
Thus, it is clear that the performance-based qualitative assessment of RCA concrete is promising.

From an environmental feasibility perspective, it is essential to consider the burden of the recycling process to produce
RCA [12]. This can be achieved by conducting a life cycle assessment (LCA) of RCA production. Many guidelines provide
means and tools to conduct LCA such as the Intergovernmental Panel on Climate Change (2006 IPCC Guidelines) [13] and
the International Standards Organization (ISO 14040) [14]. These methodologies provide default values in the life cycle
inventory to aid in carrying out the LCA. However, these values may be inaccurate and misleading, as they are
country/region-specific. As such, most guidelines emphasize on using locally developed datasets to better reflect the actual
situation in the country or region. Such datasets for recycling process in the city of Abu Dhabi do not exist and should be
developed to properly assess the environmental feasibility of using RCA in construction applications [15].

The aim of this research is to develop a life cycle inventory (LCI) dataset for the recycling of CDW into RCA in the city
of Abu Dhabi based on current local practices. Developing these values is of critical importance, as it is the building block
for conducting an LCA study for different locally-made products that may utilize RCA rather than NA. It is also essential to
allow stakeholders to compare the environmental impact of NA and RCA production in Abu Dhabi.
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2. Methodology

To carry out this study, the methodology proposed by ISO 14040 to build an LCI was adopted [14]. Accordingly,
LCI primarily consists of data collection and calculations to quantify inputs and outputs of materials and energy
associated with the product system under investigation. The described operational procedure is illustrated in Fig. 1. The
following sections describe the data collection and present the calculations and results.

Goal and scope definition =
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Preparing for data collection I
=3 Revised data collection sheet y Data collection sheet
Data collection I
¢ Collected data
Validation of data I
¢ Validated data v
Relating data to unit process I(— Allocation and recycling
v Validated data per unit process
Relating data to functional unit I
y Validated data per functional unit
Data aggregation I
Additional data
or unit processes required ¢ Calculated inventory
Refinning the system boundaries
‘t Completed inventory

Fig. 1: Operational procedures for life cycle inventory. Adapted from [13].

2.1. Preparation for Data Collection

Input and output data of unit processes within the holistic process tree were identified and collected following an
in-depth and detailed examination of the RCA production system. Additionally, time-related, geographical, and
technological coverage were defined. To establish these parameters, a preliminary visit and examination of the site was
conducted. The recycling plant under investigation is part of Al Dhafra Recycling Industries (ADRI). The plant is located
60 km to the south west of Abu Dhabi, the capital of the United Arab Emirates. It is the largest recycling plant in the
region of Abu Dhabi by land area and handling capacity of CDW. An aerial view of the plant is shown in Fig. 2. The
preliminary examination was carried out to attain a comprehensive understanding of i) the recycling process at ADRI,
ii) the characteristics of the unit process under consideration, iii) the input parameters (raw materials, ancillary materials,
energy, transportation) and iv) the output parameters (emissions to air, water, and land) along with their quantities.

2.2. Data Collection and Verification

After acquiring sufficient information from the preliminary investigation of the site, a description of the recycling
process in the plant was drawn, as presented in Fig. 3. Prior to accessing the site, the truck-mounted CDW is inspected
and weighed to ensure that the delivered waste confirms with the plant’s requirements. After inspection, the trucks
dispose of the CDW in a designated unloading area. Wheel loaders then load the waste into the feeding inlet and crushed
using a jaw crusher. Subsequently, the crushed waste material is transported by means of a conveyor belt to a station
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with an overhead magnet to remove the steel and separate it from the crushed product. This steel is typically either recycled
or sold as scrap metal. The conveyor belt further transports the crushed materials to a picking station, where workers manually
remove any visible undesired components, such as plastic, glass, or wood, as they may negatively impact the quality of the
final product. The crushed material is then forwarded via the belt to a screening station to examine its size distribution and
ensure compliance to the standards. If the required size is not achieved, the material is sent to a second crushing cycle. This
process ensures that the desired aggregates size is attained. From past experience, the recycling plant noticed that some
relatively fine steel particles passed the first magnet. As such, a second magnet was installed to ensure any remaining steel
was isolated and removed. The obtained product is sprayed with water as a dust control system and stockpiled. Figure 4
depicts the RCA after the final stage of preparation.

g - s e
Fig. 2: Aerial view of Al Dhafra recycling plant [16].

Subsequent to setting the boundaries of the recycling process, the second step entailed the collection of data relating to
the input of materials and energy and the output (such as products, co-products, and emissions) of each unit process within
the RCA production process. This information was provided by ADRI recycling plant officials. It highlighted the possible
sources of influence on the environmental impact of RCA. Evidently, the recycling plant processes up to 7000 tons of RCA
per 12-hour work shift and consumes up to 700 kW of electricity per day. Nevertheless, this electricity is entirely generated
by solar panels that are installed within the vicinity of the plant, as displayed in Fig. 2. Such panels are considered a renewable
energy source and do not have any environmental footprint during their operation or construction phase [17]. On this basis,
it was assumed that the plant did not consume energy and consequently, its environmental burden relevant to energy usage
was discarded.

Furthermore, as shown in Fig. 3, part of the operations comprise several heavy machinery and equipment. They are the
main contributors to the environmental impact of RCA. These diesel-run equipment operate for 12 hours per day shift to
transfer the waste to the feeding inlet of the crushers and convey the final product into stockpiles and then to the delivery
trucks. To calculate their environmental impact, their daily diesel consumption was calculated. Fuel consumption data were
obtained from the manufacturer specifications and application handbook, considering the working load of these equipment
as “medium” [18]. Based on the methodology proposed by the Intergovernmental Panel on Climate Change (IPCC) 12], to
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quantify the environmental impact of a product or a service, the impact of each activity is quantified and then multiplied
by the proper emission factor, as shown in Eq. 1 [15]. In this equation, the emission factor refers to the equivalent CO;
(CO2eq) produced from the combustion of 1 liter of diesel fuel, assuming that such diesel fuel was entirely combusted
without any losses. The environmental temperature and relative humidity are considered to have an insignificant effect
on the emission factor [15].
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Fig. 3: Process of recycling construction and demolition waste at Al Dhafra recycling plant.

Fig. 4: Recycled concrete aggregate after the final stage of preparation.
From [13], the emission factor was found to be 2.669 kg CO-eq per liter of diesel fuel consumed. Table 1

summarizes the collected data needed to quantify the environmental impact of these machineries. It should be noted that
the environmental burden of the trucks used to transport the CDW to the recycling plant, i.e., demolition and
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transportation, was not accounted for, as government regulations require all demolished structures be transported to a
dumpsite, which is in the vicinity of the recycling plant. In fact, CDW will have to be transported to the area, whether to be
to be recycled or disposed of. As a result, the transportation of CDW from the demolition site to the recycling plan will not
not contribute to the environmental impact of RCA production.

Table 1: Data to quantify the environmental impact of the equipment used in ADRI.

Equipment Equipment Fuelused Number of  Fuel consumption  Working
brand and model equipment  (L/h) hours (h)

Hydraulic excavator Komatsu PC300 Diesel 1 22.7 12

Wheel loader Komatsu WA470  Diesel 4 23.0 12
Komatsu WA500  Diesel 1 33.0 12

3. Results and Discussions

The collected and verified data for the unit processes of each product were analysed to facilitate the calculation of LCI
dataset for RCA production. Data related to the quantities, hourly fuel consumption, and environmental impact of the
equipment were considered as the sole contributor of the environmental burden of the recycling process. The environmental
impact of each equipment was calculated using Eq. 1. The results are summarized in Table 2. First, the total amount of fuel
consumed by each equipment was calculated per shift depending on the brand and model, as the fuel consumption rates differ
among them. Then, the obtained fuel consumption value was multiplied by the emission factor for diesel to obtain the
emissions (in kg COzeq) per shift. The emissions are then added to determine the total global warming potential associated
to the use of these equipment. It was found to be a total of 4730.5 kg CO.eq.

The recycling plant produces 7000 tons of RCA per 12-hour shift. Accordingly, the environmental impact of producing
1 ton of RCA is the ratio of the total global warming potential (4730.5 kg CO-eq) to the total production (7000 tons), yielding
0.676 kg COzeq (6.67x10* kg CO.eq per kg of RCA). Compared to the environmental burden of typical NA production
(5.2x107° CO2eq per kg of NA [19]), that of RCA production is nearly eight times lesser. Also, the replacement of NA by
RCA leads to an approximate 87% reduction in the environmental burden of aggregates. This shows that the use of RCA
instead of NA is more sustainable strictly from a production standpoint. As a result, such recycled aggregates have been used
in various applications, including road base and sub-base, structural fill, trench bedding, hardstand and low dust asphalt
products, and foundation products. Their exclusive use in structural applications still requires further study.

Table 2: Fuel consumed by the equipment operated within the plant and the associated global warming potential (in kg CO2eq).

Equipment Equipment brand Total amount of Global warming
and model diesel used (L/shift) potential (kg CO2eq)
Hydraulic excavator Komatsu PC300 272.4 727.0
Wheel loader Komatsu WA470  1104.0 2946.6
Komatsu WA500  396.0 1056.9

4. Conclusions

The use of recycled concrete aggregates as a sustainable replacement to natural aggregates offers various environmental
benefits in terms of reducing the consumption of natural resources and lessening the burden on landfills. While most research
has focused on optimizing the performance of concrete products made with RCA to be comparable to NA-based counterparts,
this work aimed to develop a novel, refined, and representative LCI dataset for RCA production process in the city of Abu
Dhabi, United Arab Emirates. The resulting LCI value of 0.676 kg COeq (6.67x10* kg CO-eq/kg) was obtained following
the methodology proposed by 1SO 14040. It is eight times less than the environmental burden of producing natural
aggregates, representing a reduction of approximately 87%. This newly developed value will help improve the accuracy and
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overall quality of life cycle assessment studies conducted in Abu Dhabi. It will also enable stakeholders to make
informed decisions on whether or not to use RCA as a more sustainable alternative to NA in various construction
applications.
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